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Discussion
1 Introduction

It is generally assumed that PDCP and RLC used in LTE Rel-8/9 will be used in Un interface without any modification. This paper addresses a potential PDCP and RLC SN shortage problem that might occur in Un interface.
2 PDCP SN shortage in Relay Node

In LTE Rel-8/9, the size of the PDCP SN is one of the followings depending on the characteristics of RBs;

· 12 bits for DRBs mapped on RLC AM or UM

· 7 bits for DRBs mapped on RLC UM

· 5 bits for SRBs
A PDCP SN is associated with each PDCP SDU, and the PDCP transmitter should be careful that the number of PDCP SDUs transmitted without acknowledgement should be lower than half of the PDCP SN space. Otherwise, there might be SN ambiguity problem in PDCP receiver, which leads to security failure.
In LTE-Advanced system, Relay Node is introduced, where multiple Uu RBs are multiplexed into a single Un RB based on the QCI. Though the location of multiplexing is not decided yet, it is likely that the multiplexing is performed above PDCP as shown in Fig.1 if we stick to the “one RB – one PDCP – one RLC” principle. 
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[Fig.1] UuRB multiplexing in Relay Node
With this multiplexing condition, it is expected that the Un PDCP handles more SDUs per TTI than Uu PDCP. It means that PDCP SN is consumed more rapidly in Un interface. Then, the likelihood of PDCP SN shortage would increase.

For SRBs, 5 bits PDCP SN is believed to be still sufficient in Un interface, because RRC message transmission is not much frequent than Uu interface.
For DRBs mapped on RLC UM, 7 bits PDCP SN might be insufficient if the number of multiplexed UuRBs is large. However, in this case, the PDCP could use 12 bits PDCP SN, which could remove PDCP SN shortage problem.

We think the problem might occur for DRBs mapped on RLC AM. If IP packets on UuRBs are transmitted at high data rate, there would be huge number of PDCP SDUs transmitted on a UnRB, which may consume more than half of PDCP SN space in a single round trip time.
For example, if 5 UuRBs are multiplexed into a UnRB, and each generates 100 PDCP SDU/ms (which is possible for 150 kbytes BSR and 1500 bytes IP packet), then the number of PDCP SDUs transmitted without acknowledgement in Un PDCP could be up to 2000 (= 5 x 100 x 4) if one HARQ retransmission is assumed. Therefore, from the second HARQ RTT, there could be SN ambiguity problem in the PDCP receiver.
3 RLC SN shortage in Relay Node

In LTE Rel-8/9, the size of RLC SN is 10 bits for AM, and 10 bits or 5 bits for UM. Similar to the PDCP, the SN shortage problem might occur for RLC AM.

Since 10 bits RLC SN is used, the Window_Size is defined to be 512. It means that up to 512 RLC PDUs can be transmitted without acknowledgement. 

Considering that the typical PDCP SDU size is 1500 bytes and the maximum transport block size is 75376 bits (=9422 bytes), a single RLC PDU can contain up to 6 PDCP SDUs. Then, if Un PDCP transmits 2000 PDCP SDUs, the RLC consumes 333 RLC SN within one HARQ RTT. Therefore, from the second HARQ RTT, the RLC transmission is stuck due to the 512 Window_Size.
4 Proposal

12 bits PDCP SN size and 10 bits RLC SN size may not be sufficient for Un radio bearer, especially for Un radio bearer mapped on RLC AM. Thus, it is proposed that:

Proposal: Discuss whether 12 bits PDCP SN size and 10 bits RLC SN size are sufficient for Un radio bearer.
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