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Abstract Title: Uplink transmission of scheduling information in a soft handover

A method of uplink transmission in a mobile terminal in soft handover comprises determining whether a
data block to be transmitted includes scheduling information 13 and if it does, determining a set of one or

more base stations NB1, NB2, NB3 to which the scheduling information is directed. Arrival of an

acknowledgment (7, 10, 11) at the mobile terminal from the or each scheduling base station in the set is

monitored and the mobile terminal continues to transmit the scheduling information until all the
scheduling base stations have acknowledged receipt.
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A METHOD OF UPLINK TRANSMISSION IN A MOBILE TERMINAL IN SOFT
HANDOVER

This invention relates to a method of uplink transmission m a mobile terminal in
soft handover.

Enhanced uplink (E-DCH) is a package of features introduced into 3™
generation project partnership (3GPP) Release 6 that aims to improve radio resource
management in the uplink and hence to improve uplink throughput and reduce delay.

One of the key features introduced in E-DCH is node B scheduling. In this
feature, the base station or node B is given autonomy to restrict, using layer 1
signalling, the data rate at which E-DCH enabled terminals may transmit in order to
manage at least a portion of its wideband code division multiple access (WCDMA)
interfercnce. To facilitate node B scheduling, information is required to be sent by the
mobile terminal or user equipment (UE) to the node B. This information may be sent
using separate physical layer signalling, or as a header included with E-DCH data
packets.

A further enhancement is hybrid automatic repeat request (HARQ). [n HARQ,
the terminal transmits to the node B, which checks to see if it has received the
transmission correctly. In the cvent that the node B does not correctly receive the
transmission, the node B signals to the terminal using physical layer signalling that the
transmission was not received and the terminal retransmuts the data. Otherwise the node
B indicates using the physical layer signalling that the transmission was correctly
reccived and the terminal may transmit a new data block.

Some terminals will be 1n inter-node B soft handover (SHO), which means that
the uplink transmission is received by a number of node Bs. As soon as one of the node
Bs indicates that 1t has correctly received a data block, the terminal may start to
transmit a new block, even though the remaining node Bs never reccived the block
correctly. In such a soft handover situation, at least one node B may be designated as a
primary node B responsible for scheduling, and this node B needs to receive the
scheduling information.

The problem 1s that in SHO, when scheduling information is included, one or
more scheduling node Bs may not be the node B that correctly receives the E-DCH
block. Hence if the terminal behaviour is to stop transmitting as soon as one of the

node Bs acknowledges receipt, there exists the risk that the scheduling node B(s) does
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2
not recerve scheduling infonﬁatlon that is included as a header with the E-DCH
transmisston block.

A method of uplink transmission m a mobule terminal 1n soft handover, the
method comprising determining whether a data block to be transmitted includes
scheduling information; if it does, detcrmining a set of one or more base stations to
which the scheduling information is directed; and monitoring for an acknowledgment at
the mobile terminal from the or each scheduling base station in the set; wherein the
mobile terminal continues to transmit the scheduling information until all the
scheduling base stations have acknowledged receipt.

By distinguishing between scheduling information and other data, then
requiring the mobile terminal to obtain an acknowledgement from all base stations
which need the scheduling information, before the terminal stops sending the
information, the scheduling base stations receive the information that they require.

Prefcrably, the mobile terminal interleaves retransmissions with other data
transmissions.

This allows other data to be transmitted whilst acknowledgments for the
scheduling information are awaited.

Although the scheduling information can be resent with a retransmission of the
original data, an alternative is that the scheduling information is added to subsequent
data blocks for retransmission.

The choice of method depends upon the original probability of success for the
transmission.

Preferably, if multiple copics of the data blocks are transmitted from a base
station to a network, the network only takes account of the data block having the lowest
retransmission number.

The block with the lowest retransmission number 1s the block that is likely to
have the least number of errors in it, 1.¢. it did not need to be retransmitted as a block
with a higher retransmission number.

Alternatively, only scheduling base stations forward data blocks including
scheduling information to the network

This allows the network to assume that any scheduling information has been
recetved by the respective scheduling base station, so the network can take account of

any such data blocks received.
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Preferably, the mobile terminal ignores acknowledgements from base stations
outside the scheduling set.

Although basc stations outside the scheduling set are not required to
acknowledge, some may send acknowledgments, so the mobile terminal 15 set up to
1gnore these.

An example of a method of uplink transmission 1n a mobile terminal in soft
handover in accordance with the present invention will now be described with
reference to the accompanying drawings in which:

Figure 1 1s a block diagram of a communication system with a mobile terminal
in soft handover;

Figure 2a illustrates conventional acknowledgment procedure for such a system;

Figure 2b illustrates a first example of the method of the present invention;

Figure 3a illustrates a first option for retransmission of scheduling data blocks
suitable for the method of Fig 2b; and,

Figure 3b 1illustrates a second option for retransmission of scheduling data

blocks suitable for the method of Fig 2b.

Signalling information intended for a node B in a header to a transport data
block in soft handover is a new concept for the 3GPP standards, as is the use of HARQ
in the uplink, so the problem of using HARQ for enhanced dedicated channel have not
been considered to date.

The prescnt invention modifies the UE behaviour such that the behaviour on
receiving an acknowledgement of a received block differs between blocks that include
scheduling information and blocks that do not. Blocks that do not include scheduling
information are treated in the conventional manner as described previously, but ifa
block contains scheduling information, the UE disregards acknowledgements from
node Bs that do not need the scheduling information. Although, these node Bs do not
nced to send an acknowledgement, they sometimes do. The UE continues to retransmit
the block until the node B(s) responsible for scheduling sends a positive
acknowledgement. As this procedure might result in the RNC recerving the same block
more than once with a different retransmission number, the RNC only takes into
account the block with the lowest retransmission number for outer loop power control

and uplink data reception. An alternative is to have a different outer loop power
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4
control behaviour between blocks that include scheduling information and blocks that
do not include scheduling information.

Another option 1s to cause non-serving Node Bs to refrain from forwarding
blocks that include scheduling information to the RNC. However, there may be
situation where the radio conditions to the serving Node B are not good and the
scheduling node B continues to have problems with recerving scheduling information.
In this case, erther the RNC can decide to change the serving cell or the UE stops
transmitting, so that scheduling information can be sent, either the UE stops
autonomously or the network causes it to stop. The present invention addresses the
problem of soft handover where signalling to a subset of the active set, i.c. all Node Bs
in SHO, is put on the data blocks which are selectively combined in the RNC.

The invention provides special UE behaviour in blocks that contain signalling,
so that only a subset of node Bs are monitored for acknowledgements and the UE
continues retransmissions until acknowledgements are reccived from ALL or the
relevant node Bs. If scheduling signalling is recerved by a node B, and the node B is
not the intended recipient of this information, then the node B does not send any
HARQ acknowledgement to the UE. The network is made aware of blocks that contain
signalling, so that these can be trcated differently i the context of outer loop power
control.

Fig. | illustrates one example, 1n which a UE 1 1s in soft handover with 3 node
Bs, NB1, NB2 and NB3 denoted by references 2, 3 and 4 respectively. Only NB1 is
responsible for scheduling the UE and so has a connection to the network through a
radio network controller (RNC) 5. When the UE 1 transmits an E-DCH data block D1
that does not include scheduling information, then the following behaviour occurs,
shown by Fig. 2a. The UE 1 makes a first transmission of the data block D1, but none
of the node Bs send an acknowledgement 6, so the UE makes a retransmission of DI.
This time, NB2 acknowledges reccipt 7 of the transmission, so the UE does not
transmit any more repeats of that block.

Fig. 2b shows an example in which the UE 1 includes a header 8 incorporating
some scheduling information 1n the data block and some data D2. In this case, the UE
makes a first transmission of the block, which is correctly received by NB2, but as NB2
recognises that the data block has a signalling header, NB2 does not send an

acknowledgement 9 and the UE retransmuts the block. This time NB3 receives the



10

15

20

. tee . e sen
¢ e . ¢ o ¢ o o
¢« ] 3 . [ I X3
« s et . [ ] .
¢ ¢ . [ ¢ o e
3 [} s . .

5

block correctly, but for some reason transmits an acknowledgement 10. However, the
UE ignores this acknowledgment from NB3, because it is not a scheduling node and so
retransmits the block again. NB1 now receives the block correctly and sends an
acknowledgement 11, so the UE docs not make any further retransmissions. Although,
both the block acknowledged by NB3 and the block acknowledged by NB1 may be
forwarded to the RNC 5, the RNC is made awarc that the block had some si gnalling
header mformation, and so does not take this block nto account in the outer loop power
control.

Fig. 3 illustrates how the retransmission can be incorporated 1nto the UEs
transmisstons. In Fig. 3a, the probability of successtul receipt of a data block 12 with
scheduling information is considered to be high, so if no acknowledgement of the
scheduling information 1s recetved, then other data 1s sent D2, D3 and D4 in the
remainder of time slot T1 and block 12 with 1ts scheduling header is resent at the
beginning of the next time period T2.

If however, the probability of successful receipt 1s considered to be low, then
there is no particular benefit to resending the same block and header, so, as shown in
Fig. 3b, scheduling information 13 is sent with the first data block 12, but when no
acknowledgment 1s received, the scheduling information 13 1s added to the next data
block D2, 14 and resent. Optionally, this can be combined with resending in the
second time period.

There may be some benefit in keeping non-serving node Bs informed of the
intentions of the UE, so the set of node Bs which need to acknowledge could be defined

more broadly than just the serving node Bs.
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CLAIMS
I. A method of uplink transmission 1n a mobile termal n soft handover, the

method comprising determining whether a data block to be transmitted includes
scheduling information; if it does, determining a set of one or more base stations to
which the scheduling information is directed; and monitoring for an acknowledgment at
the mobile terminal from the or each scheduling base station m the set; wherein the
mobile terminal continues to transmit the scheduling information until all the

scheduling base stations have acknowledged receipt.

2. A mcthod according to claim 1, wherein the mobile terminal interleaves

retransmissions with other data transmissions.

3. A method according to clatm 1, wherein the scheduling information is added to

subsequent data blocks for retransmission.

4. A method according to any preceding claim, wherein, if multiple copies of the
data blocks are transmitted from a basc station to a network, the network only takes

account of the data block having the lowest retransmission number.

5. A method according to claim 5, wherein only scheduling base stations forward

data blocks including scheduling information to the network

6. A method according to any preceding claim, wherein the mobuile terminal

ignores acknowledgements from base stations outside the scheduling set.

7. A method of uplink transmission in a mobile terminal in soft handover as

hercinbefore described with reference to the accompanying drawings.
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