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1 Introduction

In the previous RAN2 meetings, the issue was raised on whether the current PDCP and RLC SN lengths are sufficient for the Un interface [1]. In this contribution, we further investigated the PDCP and RLC SN lengths for the Un interface, respectively. Based on our analysis, it is concluded that there is no need to extend PDCP or RLC SN length for Rel-10 RN.
2 Discussion
2.1 Analysis on PDCP SN length extension
In Rel 8/9, both PDCP and RLC manage the in-sequence delivery.  The PDCP reordering window size is usually set to 2048 PDUs in the acknowledged mode. In case of normal date transmission, the RLC can guarantee the order of PDCP PDU. So, there is no problem to transmit more than 2048 PDCP PDUs without receiving any acknowledgements. And there is no risk of losing the HFN synchronization in the PDCP. However, in case of handovers or re-establishment, the situation may be different, because the RLC is reset, the contents of the RLC reordering buffer is flushed, and the PDCP in the target eNB and UE resume the data transmission starting from the first unacknowledged PDU. If the date rate is very high and there are more than 2048 unacknowledged PDUs in the PDCP retransmission buffer, the HFN will get mis-aligned, because the 12-bit sequence number of the PDCP PDU header can not guarantee that the receiver updates the HFN (and the COUNT) correctly. Then the receiver may use a wrong HFN+SN to decipher the received PDCP PDU and hence may fail to handle the data properly.
For Relay scenario, it is already agreed that the inter-cell mobility is not supported for Rel-10, and only intra-cell handover is supported for performing the key refresh on Un link. For key refresh, with proper implementation, it is feasible to ensure that there is no high data rate transmission when performing such intra-cell handover, e.g. performing key fresh in the midnight. Therefore, 
Conclusion 1: There is no need to extend the PDCP SN length for Rel-10 RN Un link.

2.2 Analysis on RLC SN length extension
There are 3 RLC transfer modes in LTE-A, i.e. AM, UM, and TM. With respect to the UM and TM, there is no problem for RLC to handle high peak rate, because the transmitter RLC entity does not need to receive the acknowledgement from the receiver RLC entity when discarding the PDU and releasing the SN (for UM). But for AM, the RLC PDU shall not be discarded until the transmitter receives the acknowledge PDU, which indicates that the PDU has been received successfully, from the receiver.

Thus, the AM RLC SN may be exhausted for high data rate transmission in flight, i.e. if the status PDU could not be received in time. The RLC window may be stalling due to running out of the RLC SN. And the data rate will be slowed down consequently. To analyze this issue, the following parameters in current specifications could be used for the worst-case analysis:
-
The window size of RLC AM mode: 512

-
For each carrier, the maximum number of TB sent in a TTI: 2
A. Worst-case scenario with single carrier used on the Un interface
In this scenario, an RLC entity will consume maximally 2 RLC SN numbers in each TTI, which means the SN might be exhausted only if a RLC PDU can not be correctly received in 256 ms (i.e. 512/2=256). But this can be avoided by properly configuring the status PDU feedback time, even considering the possible retransmissions.
Note that the above analysis is based on the worst case scenario where the relay is an out-of-band relay and transmits 2 TBs in every TTI over the Un interface. For an in-band half-duplex relay, the interval of status PDU feedback can be even longer due to the partitioning of the sub-frames on the Un interface. Hence the length of RLC SN is sufficient for RN in this scenario.
B. A further exaggerated worst-case scenario with multiple carriers used on the Un interface
Although CA is not considered on Un interface in Rel-10, this scenario could still be analyzed as an exaggerated example of the worst case. In this example, a maximum of 5 carriers are used over relay Un link. Hence the maximum number of RLC SN consumption is 5*2=10 in each TTI, and the interval of RLC RTT is about 512/10=50 ms, which is still acceptable with a proper configuration of status PDU feedback time. 
Therefore, if the RLC is configured properly to feedback the status PDU in time, the current RLC SN length can be sufficient for relay on the Un interface. 
Conclusion 2: There is no need to extend the RLC SN length for Rel-10 RN Un link.

3 Conclusion

We evaluate the issues and propose that:

Proposal 1: There is no need to extend the PDCP SN length for Rel-10 RN Un link.

Proposal 2: There is no need to extend the RLC SN length for Rel-10 RN Un link.
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