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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 CA without any modification. This paper addresses a potential PDCP and RLC SN shortage problem that might occur in CA.
2 PDCP SN shortage in CA
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 Carrier Aggregation study, a new BSR table is introduced to increase the maximum BS value to 3000 kbytes. If we assume that a LCG is composed of a single radio bearer that supports up to 3000 kbytes, then the number of PDCP SDUs transmitted per TTI from the RB is 2000 if the typical IP packet size is assumed (i.e. 1500 bytes). The transmission of 2000 PDCP SDUs in one TTI means that almost half of the PDCP SN space is consumed in one TTI, and from the next TTI security failure might occur in the PDCP receiver.
Even with the larger PDCP SDU size than 1500 bytes, the SN shortage problem might occur because the maximum PDCP SDU size is limited to 8188 bytes. If the PDCP SDU size is 8188 bytes, then about 360 PDCP SDUs can be transmitted in a TTI, and the SN shortage problem would occur from the second HARQ RTT.
Note that the SN shortage problem is visible only for DRBs mapped on RLC AM.
For SRBs, 5 bits PDCP SN is believed to be still sufficient, because the frequency of RRC message transmission is not much impacted by CA. And for DRBs mapped on RLC UM, 7 bits PDCP SN might be insufficient, but in this case, the PDCP could use 12 bits PDCP SN instead of 7 bits.
3 RLC SN shortage in CA
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 PDCP transmits 2000 PDCP SDUs, the RLC consumes 333 (= 2000 / 6) RLC SN in a single TTI. Therefore, from the next TTI, the RLC transmission is stuck due to the 512 Window_Size.
Even with 8188 bytes PDCP SDU size, the situation is not much different. Due to the Length Indicator limitation, RLC SDU size larger than 2048 bytes is contained in one RLC PDU. Thus, 8188 bytes PDCP SDU consumes 1 RLC SN, and, therefore, about 360 RLC SNs are consumed in one TTI.
4 Proposal

12 bits PDCP SN size and 10 bits RLC SN size may not be sufficient for CA, especially for radio bearers 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 CA.
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