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1. Introduction
In the previous meetings, RAN2 agreed to extend the L2 protocol (e.g., SN length) and the following specific values were agreed [1]:
	· Take 23bits PDCP SN as a baseline
· 16bits L, SOstart, SOend
· 16bits AM RLC SN
· The need for extending UM RLC SN size is FFS.


In this paper, we address following discussion points on L2 extensions:

· POINT1) Necessity of L2 extension for RLC-UM
· POINT2) Common or separate configuration over layers
· POINT3) How to configure the extended fields, per bearer/entity or per direction
· POINT4) Capability for extended fields
2. Discussion
2.1. Necessity of L2 extension for RLC-UM
The first discussion point is the necessity of L2 extension for RLC-UM. In the last meeting, RAN2 agreed to extend PDCP SN only for RLC-AM. Thus, there is no need to extend RLC SN for the RLC-UM in this release. 

Proposal1: Not extend RLC protocol fields for RLC-UM in Rel-13
2.2. Common or separate configuration over layers
In [2], it was proposed to have restriction that those extended fields are configured together. The discussion point is how much the regions where the each field needs to be applied are overlapped, i.e., if they are much overlapped, common configuration seems reasonable, and separate configuration should be allowed otherwise. 
Firstly, it is worth review the motivation to extend each field. Regarding the extension of L2 protocol field, the motivation of MAC, RLC and PDCP differs. The length of MAC L field and RLC SO filed is affected by TBS e.g., due to 8-layer MIMO and not by the number of CCs. Regarding RLC SN, it is affected by the number of transmitted PDUs in a TTI which is affected by the number of CCs. Also, regarding PDCP SN, it is affected by the absolute sustainable Tput (i.e., both due to TBS and number of CCs). This means that if CA with a number of CCs is configured, only extended RLC SN (and extended PDCP SN) will be needed. On the other hand, if TBS is extended due to 8-layer MIMO, only extended MAC L and extended RLC SO are needed. Therefore, it can be mentioned that their applicable regions are not entirely overlapped.  
Observation1: The motivation to extend formats is different:

- The motivation of extended MAC L field and RLC SO field is for the increased TBS due to 8-layer MIMO. 
- The motivation of extended RLC SN field is the increased number of CCs.

- The motivation of extended PDCP SN field is the increased absolute Tput.
Regarding 8-layer MIMO, although RAN1/2 spec supports it, it takes time to be supported by UE implementation. This means that UE/eNB may not need to adapt their implementations to such huge TBS at least for a new future. Thus, if we adopt the common configuration for MAC L and RLC/PDCP SN, UE/eNB may be enforced unnecessary implementation and testing effort. 
Observation2: Common configuration of MAC and RLC/PDCP may bring unnecessary implementation effort.

Therefore, it is reasonable to have separate capability of from RLC SN and PDCP SN. Consequently, the independent configuration of MAC L (and RLC SO) and RLC/PDCP SN should be allowed.
Proposal2: Independent configuration of MAC L (and RLC SO) and RLC/PDCP SN should be allowed.

On the other hand, if we allow independent configuration of RLC SN and RLC SO, we need to define the many new protocol format to cover all the combinations of RLC SN (10 bit and 15 bit), LI (11 bit and 15 bit) and SO field (15 bit and 16 bit). However, looking at the proposed new protocol format in [3], comparing the length of the fixed part of potential protocol formats, additional overhead to combine 16 bit RLC SN and 16 bit RLC SO is one byte. 
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Figure1. RLC PDU segment format

(Left side: Format today, Right side: Proposed format for 16 bit SN/SO)
Considering that UE is configured with a number of CCs or 8-layer MIMO, such additional overhead is not so critical. Therefore, we think that it can be acceptable to always configure 16 bit RLC SN and 16 bit RLC SO together. This means that the extended RLC and extended SO will be used in both cases, increased number of CCs case and increased TBS case. 

Observation2: It can be acceptable to always configure 16 bit RLC SN and 16 bit RLC SO together
Regarding the overlapping of applicable regions of extended PDCP SN and RLC SN, we have a brief numerical analysis. As explained before, the PDCP SN space limits the absolute Tput and RLC SN space limits the number of CCs. Assuming 0.05s as PDCP RTT and RLC RTT, and 1500 byte for IP packet, the applicable region will be as following

Table1.
	
	SN length
	Tput or number of CCs to be supported

	PDCP
	12 bit
	~491 [Mbps]

	
	15 bit
	491~4000 [Mbps]

	
	23 bit
	4000~1000000 [Mbps]

	RLC
	10 bit
	~5 CC

	
	16 bit
	5 CC~
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Figure.2 Mapping of the applicable region of extended PDC/RLC SN
In the figure2, the applicable region of each SN is mapped on the sustainable Tput which are determined by the TBS and number of CCs. It is noted that it is assumed that all the CCs in the band combination are configured to use the same MIMO layer and modulation scheme for simplicity.
Blue area is the case that 16 bit RLC SN is needed and 15 bit PDCP SN is sufficient. Green area is the case that 16 bit RLC SN and 23 bit PDCP SN are needed. Assuming the 4-Layer as the realistic UE implementation in near future, almost of all the Tputs fall in Blue area unless the sustainable Tput exceeds 4Gbps which will be able to be achieved for further future. From that point of view, the configuration of 16 bit RLC SN and 15 bit PDCP SN will be sufficient for a period of time. Thus, similar to the case of MAC L, it is reasonable to have separate capability and independent configuration of RLC SN and PDCP SN should be allowed.

Observation3: The configuration of 16 bit RLC SN and 15 bit PDCP SN will be sufficient for a period of time. 
Another potential benefit to allow separate configuration of RLC SN and PDCP SN is the overhead in re-segment case. As the timing to configure extended PDCP SN, following case can be assumed:
· Case1: Configure when the many CCs and/or higher MIMO layer are configured

· Case2: Configure when the bearer is established
Although case1 seems reasonable since extended PDCP SN is for the increased Tput, there is concern. In Rel-11, it was agreed that reconfiguration of PDCP SN for RLC-AM is achieved by means of full configuration and the same principle will be applied for 23 bit PDCP SN. In Case1, if NW configures the SCells and 23 bit PDCP SN, it needs to indicate full configuration. Since UE may discard PDCP SDUs or deliver them to the upper layer out-of-order, Selective ACK will be feedback to the server which results in halving congestion window. To avoid this, Case2 can be employed. 
Observation4: Extended PDCP SN is assumed to be configured when PDCP is established. 
On the other hand, if the common configuration is mandated, eNB needs to configure 16 bit RLC SN as well as 23 bit PDCP SN when the bearer is established even when UE is not be configured with CA or higher layer MIMO. In this case, the additional overhead in RLC header may be critical especially in re-segment case. In this case, the TBS itself is very small and the additional overhead due to extended RLC SN and SO will prevent to accommodate the CP/UP data in RLC PDU. From that point of view, it will be better to allow the independent configuration extended RLC SN/SO and PDCP SN. 
Observation5: Common configuration of extended RLC SN/SO and PDCP SN may have concern in re-segment case. 
From observations above, following is proposed.
Proposal3: To allow separate configuration of extended PDCP field (23 bits SN), extended RLC field (16 bit SN and SO)
2.3. How to configure the extended fields
Regarding the RRC configuration, it needs to be clarified how to configure the extended fields, per bearer/entity or per direction. 
· 23 bit PDCP SN
Regarding the 15 bit PDCP SN, the configuration is per bearer. Considering 23 bit PDCP SN will add only one byte to the PDCP header, the overhead over PDCP SDU size is not so critical. Thus, we can go with the same approach as for 15 bit PDCP SN. 
Proposal4: Configuration of 23 bit PDCP SN is per bearer

· 16 bit RLC SN/SO
As discussed, the RLC SN space is determined by the number of configured CCs. Since the asymmetric configuration of DL CCs and UL CCs is allowed and the additional overhead may be severe when TBS is very small, it is reasonable to configure per direction.
Proposal5: Configuration of 16 bit SN/SO is per direction

· 16 bit MAC L
Currently, the format for MAC subheader with 15 bits L field has 2 reserved bits and it is assumed to use one of them to support 16 bit MAC L. In that case, there is no additional overhead comparing today. Thus, the configuration can be common for both DL and UL.
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Figure3. Format of MAC subheader
Proposal6: Configuration of 16 bit L is per MAC entity

2.4. Capability for extended fields
As explained in the previous sections, since the applicable regions of the extended formats in MAC, RLC and PDCP are entirely different. From UE/eNB implementation effort point of view, it will be beneficial to allow to implement only some of them. Thus, we propose to define the separate capability for them.
Proposal7: Define the separate capability for 23 bit PDCP SN, 16 bit RLC SN/SO and MAC L. 
Also, it is natural that UE supporting 23 bits PDCP SN supports 15 bit PDCP SN.
Proposal8: UE supporting 23 bits PDCP SN supports 15 bit PDCP SN.
3. Summary and Conclusion

In this contribution, we addressed the remaining issues on L2 extension and followings are observed and proposed:
Observation1: The motivation to extend formats is different:

- The motivation of extended MAC L field and RLC SO field is for the increased TBS due to 8-layer MIMO. 
- The motivation of extended RLC SN field is the increased number of CCs.

- The motivation of extended PDCP SN field is the increased absolute Tput.
Observation2: Common configuration of MAC and RLC/PDCP may bring unnecessary implementation effort.

Observation2: It can be acceptable to always configure 16 bit RLC SN and 16 bit RLC SO together
Observation3: The configuration of 16 bit RLC SN and 15 bit PDCP SN will be sufficient for a period of time. 
Observation4: Extended PDCP SN is assumed to be configured when PDCP is established. 
Observation5: Common configuration of extended RLC SN/SO and PDCP SN may have concern in re-segment case. 
Proposal1: Not extend RLC protocol fields for RLC-UM in Rel-13

Proposal2: Independent configuration of MAC L (and RLC SO) and RLC/PDCP SN should be allowed.

Proposal3: To allow separate configuration of extended PDCP field (23 bits SN), extended RLC field (16 bit SN and SO)
Proposal4: Configuration of 23 bit PDCP SN is per bearer

Proposal5: Configuration of 16 bit SN/SO is per direction

Proposal6: Configuration of 16 bit L is per MAC entity

Proposal7: Define the separate capability for 23 bit PDCP SN, 16 bit RLC SN/SO and MAC L. 

Proposal8: UE supporting 23 bits PDCP SN supports 15 bit PDCP SN.
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