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1.
Introduction
RLC can operate in AM and UM mode for HSDPA (see [1]). The general understanding is that RLC should not be modified in order to support HSDPA, however some doubts have already been expressed with regards to whether this will be possible. Specifically, in [2] the question was raised of whether the RLC sequence number space would be large enough to support the higher data-rates in HSDPA. The arguments put forth for the case of UM were not considered compelling enough by the group.

This document presents some additional arguments why the current sequence number space size in UM is insufficient to support HSDPA.

2.
Background

The RLC sequence number in UM for R’99 is 7 bits (see [3]), and therefore the range is limited to 128 values. Because ciphering is relying on the incrementation of the HFN whenever there is a sequence number roll-over, there would be a loss of synchronization between the peer entity HFNs if more than 128 consecutive PDUs are lost.

In HSDPA it is not foreseen to have segmentation at the level of MAC-hs. Therefore, the RLC PDU size needs to be smaller than the smallest transport block size. This is expected to be in the order of 320 bits (1 code, QPSK and ¼ coding rate).  Furthermore, the ratio between the largest and smallest transport block size is expected to be around: 15 (for # of codes) * 2 (for modulation) * 3 (coding rate) = 90. Therefore, there could be 90 RLC PDUs in a single transport block (21kbits). This implies that the loss of two consecutive transport blocks would result in a loss of synchronization of the RLC entity. 

Note that even though multiple RLC PDU sizes are allowed for UM channels, because of the delay on the Iub it is not possible to select the RLC PDU size based on the transport format that can be used in the upcoming transmission.

3.
Transport block loss

There are three reasons why transport blocks could be lost in HSDPA:

1) NACK->ACK error on the reverse link.

The target for this type of error was agreed to be 10^-4. Therefore, it is unlikely to have a number of consecutive lost transport blocks due to this. 

2) Failure to decode within the maximum number of re-transmissions.

It is expected that the number of re-transmissions in the case of UM channels will be relatively small in order to limit delay. Therefore, the amount of diversity will be limited and unless large margins are used, it is not unlikely to see probabilities of loss higher than 10^-2. Therefore, the likelihood of two consecutive missing blocks is 10^-4. All the more so that the correlation of errors on transmissions performed close in time can be high (e.g. correlation in user velocity).

3) Change of radio-link carrying the HS-PDSCH.

If RLC is relied upon for the purpose MAC-hs buffer management (as proposed in [4] and recommended in [5]), without any additional information from Node-B, then all the transport blocks buffered in the Node-B will be lost. It is therefore very likely that two consecutive transport blocks would be lost during HS-PDSCH cell-selection.

4.
Impact

A loss of synchronization of HFNs at RLC level would result in the receiver mis-deciphering the data. As discussed during the RAN WG2 #25 meeting, there is no means for the RAN to detect (except maybe the counter check procedure) and remedy this failure. The only recovery possible is for the application to interrupt the link and re-establish it. This is regarded as a significant impact that should only be allowed to occur extremely rarely.

5.
Proposed solutions

There are several possible ways to resolve this problem:

1) Change the RLC spec to increase the UM sequence number space.

2) Not allow UM to be used in conjunction with HS-DSCH.

3) Introduce a MAC-hs buffer management mechanism for UM (still run the risk of errors due to loss of transport blocks).

4) Disallow the use of UM for high data-rate channels (above 30kbps). 

At this stage, it is proposed that UM not be used in conjunction with HS-DSCH.
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