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1. Introduction

Some discussion has already taken place in RAN WGs 1 and 2 concerning the requirement for a repair mechanism for MBMS whereby users can “fetch” data which is not received satisfactorily in an MBMS session. 

The LS from SA4 in [1] draws attention to this requirement, which is specified in TS22.246 [2], section 5. The requirement is particularly important for the “file download” category of service defined in TS22.246.

However, careful consideration needs to be given to how this requirement is met at the RAN level in order to avoid wasting resources with large amounts of uplink signalling interference and large numbers of DCHs being set up for retransmission of packets. It is important that this fetch/repair can be done in an efficient way within the RAN.

In this document we discuss some of the possibilities and raise issues for further discussion and decision. In particular, we consider possible mechanisms for the uplink feedback, and suggest the use of broadcast transmissions for point-to-multipoint repair as well asdedicated downlink channels for point-to-point repair.

2. RACH-based feedback signalling for MBMS retransmissions

A simple way to implement the SA4 requirement for a repair mechanism using existing channels would be to use the RACH (or a dedicated channel if one is already set up) to carry feedback signalling in the uplink.

The Rel-99 RACH is designed to minimise the probability of collisions, by

· grouping the available access slots according to priority;

· randomising the UEs’ choice of access slot;

· randomising the UEs’ choice of signature in the access slot. 

When only a small number of UEs are receiving MBMS services in a cell and sending feedback for missed packets, conventional use of the RACH is not likely to cause a problem. 

However, for a large number of UEs (e.g. at a football match), the probability of collisions will increase, especially as all the MBMS retransmission requests could be expected to be of the same priority and therefore be using the same RACH sub-channels. This will increase the uplink noise rise as UEs have to make multiple RACH access attempts before successfully retrieving the missing data. 

Further, if a particular packet needs to be retransmitted to a significant number of UEs (e.g. if there exists some correlation in the packets lost to multiple UEs, for example due to temporary interference increases, downlink power limitations or errors in the network), it becomes inefficient to set up a number of dedicated channels for point-to-point retransmission of the packet to all the users. If a broadcast method is used for such retransmissions, the network does not need to know the identity of the UEs which are requesting the missed packet, so that aspect of the uplink signalling also becomes redundant. In this case some the feedback signalling itself is redundant when a number of UEs need and ask for retransmission of the same data.
3. Improvements to increase efficiency and reduce interference

It could be possible to make some simple modifications to the RACH for MBMS to improve the situation described above, reducing uplink signalling interference and avoiding large numbers of DCHs being set up. 

In particular, RACH collisions may actually be used beneficially. If a particular Access Service Class (ASC) is designated for all MBMS feedback (or for feedback relating to one particular MBMS session or service), such that certain RACH sub-channels (those to which that ASC is mapped) are reserved for MBMS feedback, then a mapping could be defined between each MBMS data unit which could require retransmitting and each available combination of access slot and signature.

Then, instead of using the random functions, all UEs requiring a retransmission of a particular MBMS data unit would make a RACH access attempt in the access slot designated for that data unit, using the signature designated for that data unit. 

The number of sub-channels allocated to the ASC for MBMS feedback could be configured by the network according to the number of data units which might require retransmitting.  

Following this approach, since simultaneous RACH access attempts may be quite likely, we suggest that the RACH message part is not used. Then the positive or negative Acquisition Indicators sent on the AICH are used to indicate whether the UE identities should be transmitted (as would be needed if the network were to set up point-to-point repair) using a full RACH transmission.

Case 1: Several UEs require the same retransmission

If several UEs are requesting the retransmission of one particular data unit, the Node B will receive more output energy from its correlator detector, thus enabling the Acquisition Indicator to be transmitted sooner on the AICH, helping to reduce the uplink interference by stopping the preambles early. 

If a large amount of RACH preamble energy is detected on a particular slot/code (or a large number of correlation peaks), indicating that several UEs are transmitting concurrently, the Node B could transmit a Negative Acquisition Indicator, which according to the RACH procedure indicates to the UEs that they shall not transmit the RACH message part. In this case, the retransmitted packet would be transmitted in broadcast/multicast mode, and the RACH message part is not needed as it is not necessary to know the identities of the UEs requesting the retransmission. 

Case 2: Only one or a few UEs require the same retransmission
Conversely, if only a small amount of RACH preamble energy is detected on a particular slot/code (or a small number of correlation peaks),indicating that only a small number of UEs are requesting this retransmission, the Node B would transmit a Positive Acquisition Indicator. To avoid the effect of collisions, which may still be quite likely, no RACH message part is sent at this stage. However, the UE would then start a normal RACH access attempt leading to transmission of a  RACH message part using one of the non-MBMS RACH access slots; this  RACH message would contain the UE’s identity, which would then enable dedicated channels to be set up for the retransmission of the MBMS data.

4. Conclusions and Recommendations

A point-to-point repair mechanism for retransmission of missed packets, as required by SA4, could result in high uplink signalling interference and inefficient use of resources in the RAN.

A few small modifications to the RACH procedure for MBMS can provide some useful benefits:

· enabling a repair mechanism to be operated with reduced uplink interference;

· providing a possibility to retransmit  packets in broadcast/multicast mode when it is more efficient to do so (instead of always setting up dedicated channels). 

In particular: 

· It should be possible to designate certain RACH access slots specifically for MBMS repair feedback signalling.

· The RACH access slots designated for MBMS signalling should be able to be related by slot and/or signature to one specific MBMS data unit for retransmission.

· UEs using the RACH access slots designated for MBMS signalling should therefore not use the random functions for selecting RACH access slots and signatures. 

· UEs receiving a Negative AICH signal in response to an MBMS RACH preamble should not make another attempt to access the RACH. It may be assumed in such a case that the network will retransmit the requested packet in broadcast or multicast mode. 

· UEs receiving a Positive AICH signal in response to an MBMS RACH preambe should not transmit the RACH message part, but should make a new RACH transmission using a non-MBMS-designated access slot. This would provide the UE’s identity to the network so that a dedicated retransmission can take place. 

Further optimisations, such as those suggested in [3], may also be considered. 

[Note – this document has also been submitted to RAN2 [4] for discussion at the joint meeting.]
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