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1
Introduction

Enhancements to RLC has been proposed in papers [1], [2] , [3] and others. Some of the proposed enhancements are of general nature (e.g. protecting against CRC errors) while others are addressing performance limitations in RLC that have become an issue for HS-DSCH/E-DCH or MBMS (extending the RLC SN range for AM or UM).

Since the RLC protocol consists of rather many options there are a large number of features that potentially could be modified to better suit a certain purpose. This is particularly true when considering constructed problems such as "If A and B happens together with C it would be better to change behavuiour X to behaviour Y"

This implies that when considering introducing RLC enhancements, some care needs to be taken to assure that the group is really addressing relevant problems that really limit the performance in practice. We feel that the work should be focused on solving identified key problems instead of introducing many smaller fixes for various aspects.

One aspect to consider is also the relation to requirements from 3G evolution. It is likely that the data rates and round trip times required in the 3G evolution might require significant changes to the RLC layer. It would not be desirable if some aspects of RLC were modified in Rel-6 only to be modified again due to 3G evolution requirements. Thus we feel that some modifications (like extending peak data rate for AM RLC) are better done in the scope of 3G evolution. 

2
Discussion on proposed RLC changes

2.1
RLC status reporting enhancement [1]

In HS-DSCH it is difficult to reach high peak rates over RLC since this requires that status reports are sent rather frequent in order to update the transmitter window (more frequent than the RTT of the system). This on the other hand leads to that the same RLC PDUs are retransmitted several times in case a NACK is transmitted. The RLC status reporting enhancements proposed in [1] provides the possibility to set independent prohibit timers for status messages containing NACKs for a given SN and status reports containing ACKs. This would allow ACKs to be sent frequently (more frequent than the RTT) and at the same time avoiding unnecessary retransmissions due to too frequent NACKs.

The gain of this proposal is large (possible to reach higher peak data rates) while the complexity is low. Also, the increased flexibility of the RLC protocol is most lkely beneficial also in a longer time frame. Thus this is a good candidate to be considered in Rel-6.

2.2
Extension of the AM RLC sequence number space [2]

The throughput achievable over HS-DSCH is limited by RLC as explained in [2]. Basically the throughput is limited by the window size, the RTT and the RLC PDU size. However, with round trip times in the order of 80 ms and a PDU size of 640 bit the achievable throughput is 13 Mbps, i.e. very close to the maximum achievable physical layer peak rate. It is unlikely that a single user would continuously get such high data rates which means that RLC is rarely the limiting factor in practice for 640 bit PDUs (note that if needed the PDU size can be increased even further even if that comes with a cost in padding). In our view a RTT of 80 ms is realistic with a 384 kbps DCH in uplink and when E-DCH is introduced it would be possible to reduce the RTT further. Thus, the problem is not acute for HS-DSCH.

Since changing the AM RLC sequence number range is a rather large change (and also increases the overhead), and because more drastic changes are likely to be needed in the 3G evolution work, we propose not to change the AM RLC sequence number space in Rel-6.

2.3
Resolving HFN desynchronization problem [3,4]

The problems related to HFN desynchronization problem has been discussed in several contributions, e.g. [3,4]. Basically two potential causes for HFN desynchronisation has been discussed, loosing 127 consecutive RLC PDUs and having undetected CRC errors in the SN. In [4] proposals have been made to solve both issues for both DCH and HS-DSCH which result in a set of solutions. We want to point out that if a larger SN space is decided for MBMS (not yet decided) that can also be used for HS-DSCH and no other solution is needed for the problem of consecutively lost PDUs. 

For the undetected CRC error one have to consider how likely such an event really is. With a 16 bit CRC which is currently used for SRBs and VoIP bearers using UM RLC the probability that a completely random bitstream will pass the CRC is 1/216 ( 1.5*10-5). However, with a BLER of e.g. 1% only 1% of the frames contains any errors at all, which means that the error rate is 1.5*10-7,or once every 1110 minutes. This implies that the problem is only severe if the performance would be optimised by reducing the CRC length to e.g. 12 bits (one error every 68 min).

In that scenario there exists a very simple solution to the problem of undetected CRC errors: If The HFN is erroneously incremented due to an erroneous PDU SN this will be immediately recognized when the next PDU arrives and the HFN can then be decremented again. (In essence the HFN is decided not only by the last received PDU SN but the last two SNs). In this solution only a single PDU will be corrupted due to the erroneous HFN increment (similar to solution B3 in [4]). 

2.4
Other minor optimisations

Some other enhancements have also been proposed in [2], e.g. to perform fast repetitions of RLC PDUs (without waiting for NACKs) where the the number of fast repetitions increases for each retransmission. I.e. the PDU is first transmitted once and if a NACK is received it is repeated e.g. 2 times etc. Another proposed enhancement is to map retransmissions to the same logical channel as control PDUs in the case two logical channels are used. 

These and other minor optimisations are not really addressing any key problem and we are therefore reluctant to introduce them for any release. We feel that it should be shown that a problem really exists in practice before any solution is addressed. Note that "problem" may also mean a severe limitation of the performance.

3.
Conclusions

When discussing RLC enhancements focus should be on solving identified key problems it should be avoided to introduce a number of smaller enhancements for various aspects that may not limit the performance in practice. Also, when considereing major changes, the relation to requirements from3G evolution should be considered to avoid that an issue might need to be solved several times (once for Rel-6 and once in the 3G evolution). Finally we disussed a number of RLC enhancements that are currently on the table. 

It is proposed that the group decides on a mindset for accepting RLC enhancements and then decides on solutions to identified key problems.
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