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1. Introduction
For the WI: LTE Carrier Aggregation Enhancement Beyond 5 Carriers, RAN2 made following agreements to support high data rates in the last RAN2 meeting (RAN2#91) [1].
	L2 header extension
L, SOstart, SOend = 16bit
AM RLC SN = 18bit, 16bit, 13bit
UM RLC SN = 18bit, 13bit
PDCP SN = 23bit
R2-153171
L2 enhancements for eCA
SAMSUNG Electronics Co., Ltd.
discussion
Discussion: PDCP SN size
-
Nokia think that if we increase PDCP SN size, it should be informed to other related WGs, e.g. RAN3, CT4. Nokia think increasing PDCP SN to 23 bits are too much. 
=>
Take 23bits PDCP SN as a baseline
=>
Send LS to RAN3, CT4, SA3 to inform that PDCP SN size is increased to 23 bits in R2-153866 (Nokia).
Discussion: L, SOstart, SOend size
=>
16bits L, SOstart, SOend
Discussion: AM RLC SN size
-
Nokia think 16 bits fit to two full bytes, and looks nice for AMD PDU segment.
=>
16bits AM RLC SN
Discussion: UM RLC SN size
-
Samsung think we don’t need to extend UM RLC SN. Huawei, Ericsson think it is good to extend UM RLC as well to cope with multiple HARQ operation. Samsung think UM RLC is mostly used for VoIP, which does not have large amount of data.
=>
The need for extending UM RLC SN size is FFS.


Although RAN2 agreed to take 23 bits as a baseline for the PDCP SN size, the detailed size should be discussed by considering e.g. implantation impacts. In this contribution, we propose the detailed size of PDCP SN.
2. Discussion
2.1 PDCP header

User plane PDCP Data PDU may have 7/ 12/ 15 bit PDCP SN in Rel-12. By using 15-bit long PDCP SN, 16,384 IP packets can be transmitted within a PDCP RTT to avoid confusion from wrap around. Assuming PDCP RTT of 50 ms and IP packet of 1500 Bytes, the maximum data rate with a 15 bit PDCP SN would be around 4 Gbps (=1500*8*2(15-1)/0.05), which cannot accommodate the theoretical DL peak data rate i.e. 25 Gbps as provided in R2-151345 [2]. Due to the reason, RAN2 agreed to extend the size of PDCP SN, and take 23 bits as a baseline. The 23-bit long PDCP SN can accommodate about 1000 Gbps (=1500*8*2(23-1)/0.05) date rate, but we think to extend it to the 23 bits is too excessive.

2.2 Impact Analysis

First, to extend the PDCP SN size impacts to the size of X2 message. That is, SN STATUS TRANSFER message which is used to transfer the uplink/downlink PDCP SN and HFN status during a handover carries Receive Status Of UL PDCP SDUs IE. The IE includes a bitmap, and the size would be 16384 when 15-bit long PDCP SN size is used. If we extend PDCP SN to 23 bit, the size of bitmap would be 4,194,304 bits (i.e. 4 Mbits) which would be burden both in eNB and X2 interface.

Observation 1: To extend PDCP SN generates large size of SN STATUS TRANSFER message, which leads to burden on eNB and X2.

Second, from implementation perspective, to extend the PDCP SN size requires additional memory both in UE and eNB. That is, both UE and network need to allocate their memory according to extended PDCP reordering window, and thus we should be conservative to determine the extended size of PDCP SN.
Observation 2: To extend PDCP SN requires additional memory in UE and eNB, which leads to burden on both UE and eNB.

From the simple calculation, 18-bit long PDCP SN seems reasonable size. That is, The 18-bit long PDCP SN can accommodate about 31 Gbps (=1500*8*2(18-1)/0.05) date rate, which is greater than the maximum physical throughput, 25 Gbps. Also it generates 131,072 bit of bitmap in Receive Status Of UL PDCP SDUs IE, which is much less than 4 Mbits.
Proposal 1: It is proposed to extend PDCP SN to 18 bits, not 23 bits.
As all L2 headers are byte aligned (i.e. multiple of 8 bits) in length, PDCP header anyway needs to be extended (one more byte) to use 18-bit long PDCP SN. Then, the remaining bit(s) can be defined as reserved bits, as shown in Figures 1 and 2.
Proposal 2: It is proposed to discuss how to reserve the remaining bits e.g. 'in front' or 'in back', as shown in Figures 1 and 2.
[image: image1.emf]...

...

PDCP SN(cont.)

Data

D/C PDCP SN Oct 1

Oct 2

Oct 3

Oct 4

PDCP SN(cont.) R R R R R


Figure 1 Example of PDCP Data PDU format for DRBs using an 18 bit SN
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Figure 2 Example of PDCP Data PDU format for DRBs using an 18 bit SN
3. Conclusion
Observation 1: To extend PDCP SN generates large size of SN STATUS TRANSFER message, which leads to burden on eNB and X2.

Observation 2: To extend PDCP SN requires additional memory in UE and eNB, which leads to burden on both UE and eNB.

Proposal 1: It is proposed to extend PDCP SN to 18 bits, not 23 bits.

Proposal 2: It is proposed to discuss how to reserve the remaining bits e.g. 'in front' or 'in back', as shown in Figures 1 and 2.
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