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(57) Abstract: A radio base station and a method therein are provided for allocating meas-
urement gaps within a MGRP to UEs currently being served by the base station, wherein
consideration is taken to the impact a measurement gap has on the HARQ processes. A
plurality of possible measurement gaps are identified within the MGRP with regards to
their starting point and duration in time within the MGRP. A number of HARQ processes
that would be affected due to the identitied measurement gaps with regards to a starting
point in time of the identified measurement gaps during the MGRP are determined for the
identified measurement gaps. The identified measurement gaps are ranked depending on
the number of HARQ processes which would be affected during the MGRP and the identi-
fied measurement gaps are allocated to the UEs based on the ranking,
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1
A METHOD AND A BASE STATION FOR ALLOCATION MEASUREMENT GAPS

Technical field

[0001] Embodiments herein relate generally to measurement gap allocation
Embodiments herein relate in particular to allocation of measurement gap with

regards to the impact on data communication.

Background

[0002] InLTE, Long Term E\/olution, a User Equipment needs to identify and
measure inter-frequency and/or inter-RAT (Radio Access Technology) cells in
order to support mobility or Automatic Neighbor Related, ANR, functions. ANR
functions belong to Self-Optimizing Network, SON, functions. An example is to
automatically find neighbor relations and/or neighbor cells. In order to perform the
identification and the measurements, the User Equipment (UE) requires
measurement gaps during which the UE may perform these actions.

[0003] During these measurement gaps, the UE is not allowed to transmit or
recéive any data and/or to tune its receiver on the Evolved Universal Terrestrial
Radio access Network, E-UTRAN, serving carrier frequency based on the UE's
own capability.

[0004] The base station, or evolved Node B (eNB), provides the UE with a
measurement configuration, which is specified by a Measurement Gap Length,
MGL, and a Measurement Gap Repetition Period, MGRP. During a measurement

gap, the UE is not allowed to transmit or to receive signals on the serving carrier.

[0005] Within each MGRP, a measurement gap starts at a System Frame
Number (SFN) and subframe. The time from the beginning of the MGRP to the

beginning of the measurement gap is referred to as a gap offset.

[0006] In LTE, Hybrid Automatic Repeat Request, HARQ, transmissions follow
certain timing sequences, and different HARQ processes or transmissions run

simultaneously with different HARQ starting subframes. In Frequency Division

CONFIRMATION COPY
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Duplex, FDD, mode, the timing sequence of downlink and uplink HARQ"
transmission is the same for different starting subframes, i.e. for downlink HARQ
timing, the uplink acknowledgement, ACK, and/or negative acknowledgement,
NACK, timing delay is the same for Packet Data Control Channel, PDCCH, and
Physical Downlink Shared Channel, PDSCH, transmission in different subframes.
Likewise, for uplink HARQ timing, the Physical Uplink Shared Channel, PUSCH,
delay and the Physical Hybrid ARQ Indicator Channel, PHICH, delay are the same
for PDCCH grant and/or PHICH ACK/NACK in different subframes. As a
consequence, different gap offsets have the same impact on data interruption for

downlink and uplink HARQ transmissions, provided that the MGL is the same.

[0007] However, in Time Division Duplex, TDD, mode, the delays are different
for different uplink and downlink configurations or different HARQ starting
subframes of the same uplink/downlink configuration. As a consequence, different
gap offsets have different impact on data interruption. As a consequence, there is

a problem that data transmission may be interrupted to a substantial extent.

Summary

[0008] It is an object of the embodiments to address at least some of the
problems outlined above. In particular, it is an object of the embodiments to
provide a radio base station and a method therein for allocating measurement
gaps within a MGRP to UEs currently being served by the base station, wherein
consideration is taken to the impact a measurement gap has on the HARQ
processes. These objects and others may be obtained by providing a radio base
station and a method therein according to the independent claims attached below.

[0009] According to an aspect, a method in a base station for allocating
measurement gaps within a Measurement Gap Repetition Period, MGRP, to User
Equipments, UEs, currently being served by the base station is provided. The
method comprises identifying a plurality of possible measurement gaps within the
MGRP with regards to their starting point and duration in time within the MGRP.
The method further comprises determining, for the identified measurement gaps, a



WO 2012/122673 PCT/CN2011/000408

number of Hybrid Automatic Repeat Request, HARQ, processes that would be
affected due to the identified measurement gaps with regards to a starting point in
time of the identified measurement gaps during the MGRP. The method also
comprises ranking the identified measurement gaps depending on the number of
HARQ processes which would be affected during the MGRP, and allocating the

identified measurement gaps to the UEs based on the ranking.

[00010] According to a further aspect, a radio base station is provided adapted to
allocate measurement gaps within a Measurement Gap Repetition Period, MGRP,
to User Equipments currently being served by the base station. The base station
comprises a processing unit adapted to identify a plurality of possible
measurement gaps within the MGRP and to determine, for the identified
measurement gaps, a number of Hybrid Automatic Repeat Request, HARQ,
processes that would be affected due to the identified measurement gaps with
regards to a starting point in time of the identified measurement gaps during the
MGRP. The processing unit it further adapted to rank the identified measurement
gaps depending on the number of HARQ processes which would be affected
during the MGRP and to allocate the identified measurement gaps to the UEs

based on the ranking.

[00011] The radio base station and the method therein have several advantages.
By ranking the measurement gaps depending on the number of HARQ processes
which would be affected during the MGRP, the base station may allocate
measurement gaps upon different criteria. Further, the base station is able to
schedule the radio resources according to the allocation of measurement gaps
such that during a measurement gap for a certain UE, the base station avoids
scheduling radio resources to this UE and instead schedule radio resources to

other UEs, which are allocated different measurement gaps.

[00012] The criteria may for example be to improve overall cell performance. For
such criteria, by allocating the measurement gaps affecting the lowest number of
HARQ processes first, it is possible to minimize the influence of measurement
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gaps on the HARQ processes. This way, the overall performance of a cell may be

improved.

[00013] The criteria may in another example be to prioritize high-priority UEs so
that they are influenced to a minimal extent by the measurement gap. This may be
achieved by allocating the UEs having the highest scheduling priorities to the

measurement gaps affecting the lowest number of HARQ processes.

Brief description of drawings

[00014] Embodiments will now be described in more detail in relation to the

accompanying drawings, in which:

[00015] Figure 1 is a flowchart of an exemplifying embodiment of a method for
allocating measurement gaps within an MGRP to UEs currently being served by
the base station.

[00016] Figure 2 is an illustration of a configuration of downlink an uplink in which
DL:UL=3:2.

[00017] Figure 3 is an illustration of two UEs being allocated a respective

measurement gap according to an example.

[00018] Figure 4 is a block diagram of an exemplifying embodiment of a base
station adapted to allocate measurement gaps within an MGRP to UEs currently
being served by the base station.

Detailed description

[00019] Briefly described, exemplifying embodiments of a method in a base
station and a base station are provided for allocating measurement gaps within an
MGRP to UEs currently being served by the base station. The allocation is
performed in such a way that measurement gaps associated with the least data
interruption are allocated to UEs currently being served by the base station before

measurement gaps associated with more data interruption are allocated.
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[00020] Typically, the MGL is 6 ms and the MGRP is 40 ms or 80 ms. However,
other values of the MGL and the MGRP are possible. Within each MGRP, the
measurement gap starts at an SFN and subframe meeting the following condition:
SFN mod T = FLOOR(gap offsét/10) and subframe = gap offset mod 10, where
T=MGRP/10 and gap offset = {0, ..., MGRP-1}. See e.g. technical specification
3GPP 36.331. The condition defines the relation between SFN, subframe and
MGRP. The relation may be used by the UE and the base station to determine the

position of the measurement gap in the time domain.

[00021] An exemplifying embodiment of such a method for allocating
measurement gaps will now be described with reference to the flowchart in figure
1. In this example, the method comprises identifying 100 a plurality of possible
measurement gaps within the MGRP with régards to their starting point and
duration in time within the MGRP.

[00022] The method further comprises determining 120, for the identified
measurement gaps, a number of HARQ processes that would be affected due to
the respective identified measurement gaps with regards to a starting point in time
of the identified measurement gaps during the MGRP.

[00023] The method further comprises ranking 130 the identified measurement
gaps depending on the number of HARQ processes which would be affected
during the MGRP due to the respective measurement gaps and allocating 140 the

identified measurement gaps to the UEs based on the ranking.

[00024] This exemplifying method has several advantages. By ranking the
measurement gaps depending on the number of HARQ processes which would be
affected during the MGRP, the base station may allocate measurement gaps upon
different criteria. Further, the base station is able to schedule the radio resources
according to the allocation of measurement gaps such that during a measurement
gap for a certain UE, the base station avoids scheduling radio resources to this UE
and instead schedule radio resources to other UEs, which are allocated different

measurement gaps.
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[00025] Further, radio resources are allocated over the MGRP to UEs currently
not being involved in measurements during a measurement gap. Since a UE being
currently involved in measurements during a measurement gap may not transmit
or receive communication data in a HARQ process, resources are not allocated to
that UE.

[00026] According to an embodiment, the method further comprises first
allocating the identified measurement gap affecting the lowest number of HARQ
processes to a UE followed by allocating the next identified measurement gap
affecting the second lowest number of HARQ processes to a further served UE,

- and so forth, until all UEs which are being served by the base station are allocated

a measurement gap.

[00027] By allocating the measurement gaps affecting the lowest number of
HARQ processes first, it is possible to minimize the influence of measurement
gaps on the HARQ processes. This way, the overall performance of a cell may be

improved.

[00028] It shall be noted that several different measurement gaps may affect an
equal number of HARQ processes. By “different” is meant different starting point in
time, in relation to the starting point of the MGRP, within the MGRP. For example,
if there are eight different measurement gaps affecting the same number of HARQ
processes and if these eight measurement gaps all affect the least number of
HARQ processes, then these eight measurement gaps are allocated first to eight
of the UEs currently being served by the base station. Thereafter, the
measurement gap or gaps affecting the second least number of HARQ processes
will be allocated to UE(s) and so on.

[00029] In an example, the method comprises obtaining scheduling priorities for
the UEs, whereih the UE having the highest scheduling priority is allocated the
identified measurement gap affecting the lowest number of HARQ processes.
Then, the remaining UEs are allocated measurement gaps in descending order,
with regards to scheduling priority, such that the UE having the lowest scheduling
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priority is allocated the identified measurement gap affecting the highest number of

HARQ processes of the available identified measurement gaps.

[00030] By allocating the UEs having the highest scheduling priorities to the
measurement gaps affecting the lowest number of HARQ processes, is it possible
to prioritize high-priority UEs so that they are influenced to a minimal extent by the
measurement gap. If, e.g. there are eight measurement gaps affecting a minimal
number of HARQ processes and there are only four UEs being served by the base
station, then all the UE may be allocated a measurement gap affecting a minimal
number of HARQ processes regardless of their respective scheduling priorities.

[00031] In yet an example, the method further comprises defining 110 respective
gap offsets as the time from the beginning of the MGRP to the beginning of each
of the plurality of possible measurement gaps and initializing a bitmap of gap
offsets by setting all bits to “0”, each bit corresponding to a gap offset. When an
identified measurement gap is being allocated a UE, a corresponding gap offset is
allocated and its bit in the bitmap is set to “1”.

[00032] The number of gap offsets and corresponding bits in the bitmap equals a
number of subframes in the MGRP.

[00033] MGRP/FRP (Frame Repetition Period) number of gap offsets have the
same affect on the HARQ processes during a MGRP. An FRP will be explained
below. Hence a specific gap offset, k, affects the same number of HARQ
processes starting at k, k + FRP, k + 2*FRP and so on. A specific measurement
gap, k, may be allocated at: “k + i*FRP”, where i = {0, 1, ..., MGRP/FRP-1}. For
every repeated gap offset and corresponding measurement gap, the gap offset

and measurement gap is allocated a different UE.

[00034] In this manner, there may be a plurality of measurement gaps affecting

an equal number of HARQ processes.
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[00035] In the TD-LTE system, uplink and downlink subframes are located in the
same frequency band, but at different time slices. An operato; is free to configure
uplink and downlink subframe according to his/her own network deployment policy.
There are seven different kinds of downlink-uplink configurations defined by the
3GPP standard 36.211. Two configuration examples are DL:UL=3:2 and
DL:UL=4:1. In the first example, a frame of 10 ms comprises 3 downlink
subframes, 2 uplink subframes and then again 3 downlink subframes and 2 uplink
subframes. This means that the FRP is 5 since the first 3 downlink subframes and
2 uplink subframes are repeated continuously. If the MGRP is 40 ms and the FRP
is 5, then the measurement gap is repeated 8 times. Hence there are 8
measurement gaps within the MGRP affecting the same number of HARQ

processes.

[00036] According to an embodiment, the method further comprising setting a bit
in the bitmap, previously set to “1”, to “0” when a UE being allocated an identified
measurement gap corresponding to the bit is no longer served by the base station.

[00037] In an example, when the base station serves a new UE, the method
comprises searching the bitmap in order to find a bit which is set to “0” and when
such a bit is found, allocating the corresponding gap offset and identified
measurement gap to the new UE and setting said bit to “1”, and wherein searching
is performed such that the measurement gaps affecting the least number of HARQ

processes are allocated first.

[00038] In this manner, the bitmap is continuously updated such that the base
station searches the bitmap for a free bit, i.e. a bit set to “0”, corresponding to a
measurement gap currently not being used when a new UE becomes served by

the base station.

[00039] According to an embodiment, the scheduling priorities are obtained anew
and the measurement gaps are anew allocated to the UEs such that the UE
having the highest scheduling priority is allocated the measurement gap affecting
the lowest number of HARQ processes and setting the corresponding bit in said
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bitmap to “1” and setting bits corresponding to vacant measurement gaps to “0".
This is performed in order to update the measurement gap allocation among the
UEs such that the UE having the highest scheduling priority is being allocated the

measurement gap affecting the lowest number of HARQ processes.

[00040] After the initial allocation of measurement gaps and gap offsets, UEs
may enter and leave the cell associated with the base station. After a relatively
long time and/or after a substantial number of UEs have entered and left the cell, it
is possible that the currently allocated measurement gaps are not the ones
affecting the fewest number of HARQ processes and/or that the UEs having the
highest scheduling priorities are not currently allocated measurement gaps
affecting the fewest number of HARQ processes. Hence the method is performed
anew in order to ascertain that the currently allocated measurement gaps are the
ones affecting the fewest number of HARQ processes and/or that the UEs having
the highest scheduling priorities are currently allocated measurement gaps
affecting the fewest number of HARQ processes.

[00041] Figure 2 is an illustration of a configuration in accordance with the above
mentioned configuration example DL:UL=3:2. In this figure a sequence 200 of
consecutive subframes is illustrated. A subframe is 1 ms long. As stated before, an
MGRP is 40 ms or 80 ms, so assuming the MGRP in this example starts at the
first downlink subframe at the left in the figure, only pa-rt of the entire MGRP is

shown.

[00042] The HARQ processes P1-P7 with reference numbers 210-214, i.e.
underneath the sequence of consecutive subframes are downlink HARQ
transmissions. The HARQ processes P1-P5 with reference numbers 220-224, i.e.
above the sequence of consecutive subframes are ACK/NACK for the specific
HARQ transmissions. Figure 2 further illustrates five different measurement gaps
240-280 starting at five different gap offsets. Assuming a measurement gap would
start at the beginning of the MGRP, then the gap offset would be 0. If a
measurement gap would start after the first subframe, the gap offset would be 1.



WO 2012/122673 PCT/CN2011/000408

10

Hence, in figure 2, the respective gap offsets for the shown measurement gaps
240-280 are 4, 5,6, 7 and 8.

[00043] In figure 2, HARQ transmissions P1 and P2 are received by the UE on
PDCCH+PDSCH in one subframe each. If a measurement gap is allocated during
the subframes when the reception of these HARQ transmissions are to be
acknowledged, then the UE cannot send ACK/NACK to the base station and the
base station will retransmit P1 and P2. In the example illustrated in figure 2, this
would happen for measurement gaps 1-4 denoted 240-270. Further, for PDSCH
the transmission is normally associated with a 10% Block Error Rate, BLER. As a
consequence, whether or not the base station receives these NACKs has no
impact on system throughput. Accordingly, there is a 90% possibility of an

unnecessary retransmission.

[00044] In the case the MGL is 6 ms and the MGRP is 40 ms, then there is a
maximum of 24 HARQ process chance. If all resources are used, i.e. each
downlink subframe is occupied and there is only one UE in the cell being served
by the base station, then a 40 ms MGRP corresponds to 4*10 ms (one radio frame
is 10 ms). With the configuration of DL:UL=3:2, the total number of downlink
subframes is 6 (3+3) in one radio frame of 10 ms. Since there are four radio
frames and there are six downlink subframes in each radio frame, then the

maximum number of HARQ processes during a MGRP is 6*4=24.

[00045] Looking at figure 2, it can be seen that for measurement gap 1, i.e.
reference number 240 with a gap offset of 4, HARQ tranémissions P3, P4, P5 and
P6 from the base station will not be received by the UE. That is four HARQ
processes being affected. Also the ACK/NACK for HARQ transmissions P1, P2
and P3 will not be sent by the UE. However, since P3 will not be received, no
ACK/NACK can be sent. Therefore HARQ Process P1 and P2 will be wasted and
there is a 10% NACK answer due to BLER. A NACK and no answer is the same
for the base station. This means that there is a 90% possibility of wasting a HARQ
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process. 2 HARQ processes (P1 and P2) times 90% equals 1.8 processes. The
total number of affected HARQ processes is 4+1.8=5.8.

[00046] With the same determinions for measurement gaps 2-5, then
measurement gap 2 with reference number 250 and a gap offset of 5 will affect a
total number of 6,7 HARQ processes. Also measurement gap 3 with reference
number 260 and a gap offset of 6 will affect a total number of 6.7 HARQ processes.
For measurement gap 4 with reference number 270, the total number of affected
HARQ processes is 7.5 and for measurement gap 5 with reference number 280

the total number of affected HARQ processes is 8.4.

[00047] From this it can be seen that there is a maximum number of 24 HARQ
process chance and that 5.8 to 8.4 HARQ processes will be affected for a UE due
to a measurement gap. For a low load case, maximum 16.7% of the UEs peaking
throughput gain is achievable based on measurement GAP offset selection. This is
determined by (8.4 - 5.8)/(24 - 8.4). For a high load case, maximum 35% cell
average throughput gain is achievable based on measurement GAP offset
selection. This is determined by 8.4/24. In the high load case, the base station

may schedule othér UEs when a specific UE is measuring.

[00048] The same may be determined for another downlink-uplink configuration. -
For a configuration of DL:UL=4:1, four downlink subframes will be followed by one
uplink subframe and then four downlink subframes and one uplink subframe. This
will represent one radio frame of 10 ms. In one radio frame, there are 8 downlink
subframes and there are 4 radio frames in one MGRP, assuming an MGRP is 40
ms. Then there is a maximum of 8*4=32 HARQ process chance. For the different
measurement gaps, 7.7 to 9.3 HARQ processes will be affected. For a low load
case, maximum 7% of the UEs peaking throughput gain is achievable based on
measurement gap offset selection. For a high load case, maximum 29% cell
average throughput gain is achievable based on measurement GAP offset

selection
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[00049] According to an embodiment, an exemplifying method for searching the
bitmap in order to find a free bit, i.e. a bit that is set to “0” is provided, which

method is described below in pseudo code.

for k = 0:SPP-1
for i = 0:log2(MGRP/SPP)
forj=0:2' -1
if (i#0) && (j mod 2 = 0)

continue;
else if P + (MGRP/2)% = vacant
then allocate this gap offset
Toggle the flag as allocated
end
end
end

end

[00050] As an example, assume that gap offset 3 is chosen for a corresponding
measurement gap. The Frame Repetition Period, FRP, is 5 and the MGRP is 40
ms. Then the gap offset mod FRP, i.e. “gap offset” mod 5, equals 3. The allocation

sequence willbe 3 -> 23 -> 13 ->33 -> 8 -> ...

[00051] Figure 3 is an illustration of two UEs being allocated a respective

measurement gap according to the above example.

[00052] Figure 4 is a block diagram of an exemplifying embodiment of a base
station adapted to allocate measurement gaps within an MGRP to UEs currently

being served by the base station.

[00053] The base station has the same objects and advantages as the method in
the base station as described above. Therefore, the base station will only be

described briefly to avoid unnecessary repetition.
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[00054] In figure 4, a base station 400 is illustrated having a processing unit 410
and the base station is serving a number of UEs 421-425. Further, the base
station 400 is illustrated comprising a memory 430 comprising one or more
memory units 430. The memory is arranged to be used to store data such as e.g.
gap offsets, measurement gaps and applications to perform the methods herein
when being executed in the radio base station 400. The base station 400 is
illustrated comprising a receiving arrangement 440 and a transmitting arrangement
450.

[00055] The base station 400 is adapted to allocate measurement gaps within a
Measurement Gap Repetition Period, MGRP, to UEs 421-425 currently being
served by the base station 400. The base station 400 comprises a processing unit
410 adapted to identify a plurality of possible measurement gaps within the MGRP
and to define respective gap offsets as the time from the beginning of the MGRP
to the beginning of each of the plurality of possible measurement gaps. The
processing unit is further adapted to determine, for the identified measurement
gaps, a number of HARQ processes that would be affected due to the identified
measurement gaps with regards to a starting point in time of the identified
measurement gaps during the MGRP. The processing unit is further-adapted to
rank the identified measurement gaps depending on the number of HARQ
processes Which would be affected during the MGRP and to allocate the identified |

measurement gaps to the UEs 421-425 based on the ranking.

[00056] The processing unit is, in an example, adapted to allocate radio
resources over the MGRP to UEs currently not being involved in measurements
during a measurement gap. The processing unit has therefore, in this context, a

function of a resource scheduler/allocator.

[00057] According to an embodiment, the processing unit 410 is further adapted
to first allocate the identified measurement gap affecting to lowest number of
HARQ processes to a UE and to thereafter allocate the next identified

measurement gap affecting the second lowest number of HARQ processes to a
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further UE until all UEs which are being served by the base station are allocated a

measurement gap.

[00058] As described above, in case there are more than one measurement gap
which will affect the same number of HARQ processes, all these will be allocated
before a measurement gap affecting more HARQ processes is allocated.

[00059] In an example, the processing unit 410 is further adapted to obtain
scheduling priorities for the UEs, and to allocate the identified measurement gap
affecting the lowest number of HARQ processes to the UE having the highest |
scheduling priority and to allocate the remaining UEs identified measurement gaps
in descending order, with regards to scheduling priority, such that the UE having
the lowest scheduling priority is allocated the identified measurement gap affecting
the highest number of HARQ processes of the available identified measurement
gaps. The processing unit 410 may obtain the scheduling priorities information
from an internal memory of the base station which it has e.g. stored earlier or it
may obtain from an external network node. Hence the embodiments are not
restricted to any specific location where the écheduling priorities are retrieved i.e.

internally or externally.

[00060] In yet an example, the processing unit 410 is further adapted to define
respective gap offsets as the time from the beginning of the MGRP to the
beginning of each of the plurality of possible identified measurement gaps and to
initialize a bitmap of gap offsets by setting all bits to “0”, each bit corresponding to
a gap offset and when each identified measurement gap is being allocated to a UE,
a corresponding gap offset is allocated to the UE, and its bit in the bitmap is set to
“1”.

[00061] In an example, the number of gap offsets and correspohding bits in the
bitmap equals a number of subframes in the MGRP.

[00062] MGRP/FRP number of gap offsets have the same affect on the HARQ
processes during a MGRP. In other words, a specific gap offset, k, affects the
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same number of HARQ processes MGRP/FRP number of times during a MGRP if
the measurement gap starts at k + i*FRP, where i ={0, 1, ..., MGRP/FRP-1}.

[00063] In still an example, the processing unit 410 is further adapted to again set
a bit in the bitmap, previously set to “1”, to “0” when a UE being allocated an
identified measurement gap corresponding to the bit is no longer being served by
the base station 400.

[00064] According to an embodiment, the processing unit 410 is further adapted
to search the bitmap in order to find a bit which is set to “0” when the base station
starts to serve a new UE starts and when such a bit is found, to allocate the
corresponding gap offset and identified measurement gap to the new UE and to
set the bit to “1”, wherein the bitmap is searched from the first bit in the bitmap
such that the measurement gaps affecting the least number of HARQ processes

are allocated first.

[00065] According to yet an embodiment, the processing unit 410 is further
adapted to anew obtain the scheduling priorities and anew allocate the
measurement gaps to the UEs such that the UE having the highest scheduling
priority is allocated the measurement gap affecting the lowest number of HARQ
processes and setting the corresponding bit in the bitmap to “1” and to set bits
corresponding to vacant measurement gaps to “0” in order to update the
measurement gap allocation among the UEs such that the UE having the highest
scheduling priority is being allocated the measurement gap affecting the lowest
number of HARQ processes.

[00066] The processing unit 410 may comprise different modules configured to
perform the different steps as described above. For example, the processing unit
410 may comprise an identifying module, a ranking module and an allocating

module.

' [00067] It should be noted that figure 4 merely illustrates the functional unit in the

base station in a logical sense. The function in practice may be implemented using
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any suitable software and hardware means/circuits etc.. Thus, the embodiments
are generally not limited to the shown structures of the base station and the
functional unit. Hence, the previously described exemplary embodiments may be
realised in many ways. For example, one embodiment includes a computer-
readable medium having instructions stored thereon that are executable by the
processing unit for performing the method. The instructions executable by the
computing system and stored on the computer-readable medium perform the

method steps of the embodiments as set forth in the claims.

[00068] While the embodiments have been déscribed in terms of several
embodiments, it is contemplated that alternatives, modifications, permutations and
equivalents thereof will become apparent upon reading of the specifications and
study of the drawings. It is therefore intended that the following appended claims
include such alternatives, modifications, permutations and equivalents as fall

within the scope of the present embodiments and defined by the pending claims.
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CLAIMS

1. A method in a base station for allocating measurement gaps within a
Measurement Gap Repetition Period, MGRP, to User Equipments, UEs, currently
being served by said base station, the method comprising:
identifying (100) a plurality of possible measurement gaps within said
MGRP with regards to their starting point and duration in time within said
MGRP, |
determining (120), for said identified measurement gaps, a number of
Hybrid Automatic Repeat Request, HARQ, processes that would be
affected due to said identified measurement gaps with regards to a starting
point in time of said identified measurement gaps during said MGRP,
| ranking (130) said identified measurement gaps depending on the
number of HARQ processes which would be affected during said MGRP,
and
allocating (140) said identified measurement gaps to said UEs based on
said ranking.
2. A method according to claim 1, further comprising first allocating the
identified measurement gap affecting the lowest number of HARQ processes to a
UE followed by allocating the next identified measurement gap affecting the
second lowest number of HARQ processes to a further served UE until all served

UEs are allocated a measurement gap.

3. A method according to claim 1 or 2, furthér comprising obtaining
scheduling priorities for said UEs, wherein the UE having the highest scheduling
priority is allocated the identified measurement gap affecting the lowest number of
'HARQ processes and the remaining UEs are allocated measurement gaps in
descending order, with regards to scheduling priority, such that thé UE having the
lowest scheduling priority is allocated the identified measurement gap affecting the
highest number of HARQ processes of the available identified measurement gaps.



WO 2012/122673 _ ‘ PCT/CN2011/000408

18

4. A method according to any of claims 1-3, further comprising defining
(110) respective gap offsets as the time from the beginning of said MGRP to the
beginning of each of said plurality of possible identified measurement gaps,
wherein a bitmap of possible gap offsets is initialized by setting all bits to “0”,
where each bit corresponds to a gap offset, and when each identified
measurement gap is being allocated to a UE, a corresponding gap offset is
allocated and its bit in the bitmap is set to “1”.

5. A method according to claim 4 wherein the number of gap offsets and
corresponding bits in said bitmap equals a number of subframes in said MGRP., .

6. A method according to claim 4 or claim 5,further comprising setting a bit
in the bitmap, previously set to “1”, to “0” when a UE being allocated an identified
measurement gap corresponding to said bit is no longer served by said base

station.

7. A method according to any of claims 4-6, wherein when the base station
serves a new UE, the method further comprising searching in said bitmap in order
to find a bit which is set to “0” and when such a bit is found, allocating the
corresponding gap offset and identified measurement gap to said new UE and
setting said bit to “1”, and wherein searching is performed such that the
measurement gaps affecting the least number of HARQ processes are allocated

first.

8. A method according to any of claims 3-7, wherein said scheduling
priorities are obtained anew and said measurement gaps are anew allocated to
said UE such that a UE having the highest scheduling priority is allocated the
measurement gap affecting the lowest number of HARQ processes and setting the
corresponding bit in said bitmap to “1” and setting bits corresponding to vacant
measurement gaps to “0” in order to update the measurement gap allocation

among the UEs.
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9. A base station (400) adapted to allocate measurement gaps within a
Measurement Gap Repetition Period, MGRP, to User Equipments (421-425)
currently being served by said base station (400), the base station (400)
comprising a processing unit (410) adapted to:
identify a plurality of possible measurement gaps within said MGRP,
determine, for said identified measurement gaps, a number of Hybrid
Automatic Repeat Request, HARQ, processes that would be affected due
to said identified measurement gaps with regards to a starting point in time
of said identified measurement gaps during said MGRP,
rank said identified measurement gaps depending on the number of
HARQ processes which would be affected during said MGRP, and
allocate said identified measurement gaps to said UEs (421-425) based on

said ranking.

10. A base station (400) according to claim 8, wherein said processing unit
(410) is further adapted to first allocate the identified measurement gap affecting to
lowest number of HARQ processes to a UE and to thereafter allocate the next
identified measurement gap affecting the second lowest number of HARQ
processes to a further UE until all served UEs are allocated a measurement gap.

11. A base station (400) according to claim 8 or 9, wherein said processing
unit (410) is further adapted to obtain scheduling priorities for said UEs and to
allocate the identified measurement gap affecting the lowest number of HARQ
processes to the UE having the highest scheduling priority and to allocate to the
remaining UEs identified measurement gaps in descending order, with regards to
scheduling priority, such that the UE having the lowest scheduling priority is
allocated the identified measurement gap affecting the highest number of HARQ

processes of the available identified measurement gaps.

12. A base station (400) according to any of claims 8-10, wherein said

processing unit (410) is further adapted to define respective gap offsets as the
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time from the beginning of said MGRP to the beginning of each of said plurality of
possible identified measurement gaps and to initialize a bitrhap of gap offsets by
setting all bits to “0”, each bit corresponding to a gap offset and when each
measurement gap is being allocated to a UE, a corresponding gap offset is
allocated to the UE, and its bit in the bitmap is set to “1”.

13. A base station (400) according to claim 12 wherein the number of gap
offsets and corresponding bits in said bitmap equals a number of subframes in
said MGRP.

14, A base station (400) according to claim 11 or claim 12, wherein said
processing unit (410) is further adapted to again set a bit in the bitmap, previously
set to “1”, to “0” when a UE being allocated an identified measurement gap
corresponding to said bit is no longer being served by said base station (400).

15. A base station (400) according to any of claims 12-14, wherein when the
base station (400) starts to serve a new UE, the processing unit (410) is further
adapted to search said bitmap in order to find a bit which is set to “0” and when
such a bit is found, to allocate the corresponding gap offset and identified
measurement gap to said new UE and to set said bit to “1”, wherein the
processing unit (410) searches the bitmap such that the measurement gaps
affecting the least number of HARQ processes are allocated first. -

16. A base station (400) according to any of claims 10-15, wherein said
processing unit (410) is further adapted to anew obtain said scheduling priorities
and anew allocate said measurement gaps to said UEs such that a UE having the
highest scheduling priority is allocated the measurement gap affecting the lowest
number of HARQ processes and to set the corresponding bit in said bitmap to “1”
and to further set bits corresponding to vacant measurement gaps to “0” in order to

update the measurement gap allocation among the UEs.
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