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1 Introduction

In the current version of the TS 36.322 ‎[2] the size of the RLC sequence number is marked as for further study. During RAN2#59 and preceding meetings a number of companies proposed a 10 bit sequence number for RLC Acknowledged Mode resulting in a sequence number space of 210=1024. 
In this document we analyse if this is sufficient to avoid RLC window stalling or if a larger sequence number space is required. 

2 Discussion
For our investigation we assume a number of parameters that represent a worst-case scenario when it comes to the consumption of RLC sequence numbers: 

· One UE scheduled continuously, i.e., in all TTIs
· MIMO (2 new RLC PDUs in each initial HARQ transmission)

· 8 HARQ Processes (HARQ RTT = 8 TTIs)

· The first process fails and the RLC receiver does not detect the failure before MaxNrofHarqRetransmissions * HARQ RTT
· All other processes always succeed in the first HARQ transmission attempt

For simplicity we divide the RLC error recovery into three phases
1) HARQ Data transmission:

The first HARQ process fails upon the first transmissions attempt. All other processes successfully deliver 2 RLC PDUs upon initial transmission. The RLC receiver detects the failure after MaxNrofHarqRetransmissions * HARQ RTT. Until then the RLC transmitter requires the following number of RLC sequence numbers:

NrofHarqProcesses * MaxNrofHarqRetransmissions * RlcPdusPerTti 

If we assume that MaxNrofHarqRetransmissions is 5 this results in 
NrofHarqProcesses * MaxNrofHarqRetransmissions * RlcPdusPerTti = 8 * 5 * 2 = 80

2) RLC feedback transmission:

While the RLC status message is transmitted via the reverse path, all 8 processes can transmit data in DL. Again as worst case assumption, the RLC status requires the maximum number of retransmissions while all data processes succeed on the initial attempt. This is unlikely but may therefore cover also some additional scheduling delay:

NrofHarqProcesses * MaxNrofHarqRetransmissions * RlcPdusPerTti = 8 * 5 * 2 = 80

3) Retransmission of the lost RLC PDU (no re-segmentation):

While the RLC PDU is retransmitted, new data can be sent on all other 7 processes. Assume that the retransmission needs the maximum number of retransmissions while all other processes succeed at the first transmission:

(NrofHarqProcesses - 1) * MaxNrofHarqRetransmissions * RlcPdusPerTti = 7 * 5 * 2 = 70

Consequently, 80+80+70=230 Sequence numbers are consumed while transmitting and retransmitting the very first process. If another RLC retransmission is required this may take another 160 sequence numbers so that in total ~390 sequence numbers are consumed while recovering from the loss
. 
A 10 bit SN provides a sequence number space of 1024. In order to avoid sequence number ambiguity, the RLC window may have at most half that size (512). As this exceeds the window size expected for the pessimistic example outlined above, we think that a 10 bit sequence number for RLC AM is sufficient. For typical operation only a fraction of the window size is used, since other processes will require also HARQ retransmissions and potentially the UE is not scheduled all the time.
2.1 Impact of Asynchronous HARQ in Downlink

In ‎[1] the maximum HARQ delivery time (Tmax - Tmin) is assumed to be significantly larger for asynchronous HARQ operation. However, we think that even in that mode it is beneficial to deliver outstanding HARQ retransmissions as early as possible, so that the HARQ delivery time is affected only marginally. We intend to use asynchronous HARQ mainly to resolve ‘collisions’ with pre-scheduled transmissions such as e.g. BCH and MBSFN but not to transmit a considerable amount of new data before completing outstanding HARQ retransmissions. Larger HARQ delivery times would not only increase the required RLC sequence number space but also the HARQ error detection delay at RLC which results in worse performance (e.g. for time critical RRC signalling).
3 Conclusion

In this document we analyzed the required sequence number space for RLC AM and concluded that a 10 bit sequence number is sufficient to avoid RLC window stalling even in worst case scenarios. 
It should finally be noted that RLC window stalling for a couple of ms has hardly any impact on the overall performance if it happens at very few occasions.
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� The probability for that is however in the order of 10-5 to 10-6 assuming a HARQ failure rate of ~10-3.
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