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1 Introduction
In the current specification, only 18 bit PDCP SN size is specified for SL groupcast and broadcast [1]. In this contribution, we identify technical problem for this PDCP SN length, and provide some feasible solutions.
2 Discussion
The 18 bit PDCP SN length for SL broadcast and groupcast was first concluded in RAN2 #107 [2], and finally confirmed in RAN2 #108 [3]. When concluding in the previous discussion on the PDCP SN size [4], most companies did not actually have strong views on the specific value of PDCP SN size used for SL groupcast and broadcast. One of the main motivations for choosing the 18 bit PDCP SN size was to support high data rate. Actually, all the given date rate requirements under different NR V2X scenarios specified in TS 22.186 could be satisfied when 12 bit PDCP SN size is used. Specifically, the maximum date rate given in TS 22.186 is 1 Gbps, while the maximum PDCP bit rates supported by 12 bit PDCP SN size when PDCP RTT=30 ms/50 ms are 4.47 Gbps/2.68 Gbps, based on the following table [5]. This means that the 12 bit PDCP SN size is already sufficient for the data rate support in NR SL groupcast and broadcast, and the 18 bit PDCP SN size thus appears to be an over design.
[bookmark: _Ref462221945]Table I	PDCP bit rates (Gbps) for different PDCP PDU sizes and SN lengths for RTT = 30 ms
	 
	 
	PDCP SN length (bits)

	
	 
	7
	12
	15
	18

	PDCP PDU (bytes)
	512
	0,008
	0,28
	2,24
	17,9

	
	1502
	0,025
	0,82
	6,56
	52,5

	
	8190
	0,139
	4,47
	35,78
	286,3


Table II	PDCP bit rates (Gbps) for different PDCP PDU sizes and SN lengths for RTT = 50 ms
	 
	 
	PDCP SN length (bits)

	
	 
	7
	12
	15
	18

	PDCP PDU (bytes)
	512
	0,005
	0,17
	1,34
	10,74

	
	1502
	0,015
	0,49
	3,94
	31,50

	
	8190
	0,084
	2,68
	21,47
	171,76



Observation 1: All the given date rates under different NR V2X scenarios in TS 22.186 could be satisfied when PDCP SN size is 12bits, and having PDCP SN size as 18 bit seems an over design. 
In addition to the 18 bit PDCP SN length, it was also agreed in RAN2 #107 that the RLC SN length for SL broadcast and groupcast is fixed as 6 bit [2]. As seen from the email discussion reaching this agreement [6] (cited in Appendix A), companies held the view that the 6-bit RLC SN length is already sufficient to meet the data rate requirements for NR SL broadcast and groupcast, which also means that from companies’ views, NR SL broadcast and groupcast are not expected to be with a requirement for ultra-high data rate. Consequently to have PDCP SN size as 18 bit seems an over design again. It is also worth mentioning that as RLC SN is designed as 6 bit, there is no value to design PDCP SN as 18 bit because the data rate is already limited at RLC layer.
Observation 2: The 6-bit RLC SN length was agreed for NR SL groupcast and broadcast in RAN2 #107, based on the companies’ views that the NR SL groupcast and broadcast are not expected to be with ultra-high data requirements. Thus PDCP SN with 18 bits does not match the RLC SN with 6 bits. 
The other motivation to use the 18 bit PDCP SN length for SL groupcast and broadcast was the support of security related operations, as seen from companies’ views in [2][4]. However, this motivation is now invalid either, if we look back to the decision made at that time. Specifically, it is seen from [4] (cited in Appendix B) that companies’ views to enable the 18 bit PDCP SN length were motivated by introducing an SN size long enough to support the COUNTER operation used in SL security algorithm, since at that time companies were still considering the possibility to have security mechanisms specific for SL groupcast and broadcast. However, in the later meetings, it was concluded by SA3 that there is NO security mechanism at all for NR SL groupcast and broadcast [7], so that this motivation to support COUNTER operation for SL broadcast and groupcast security does not hold any more. 
Observation 3: The motivation to use 18 bit PDCP SN size for the support of security related mechanism (i.e. COUNTER operation) for NR SL groupcast and broadcast is invalid as well, as SA3 concluded that no security mechanism is supported for NR SL groupcast and broadcast.
Based on the above analyses, it is clear that the conclusion of 18 bit PDCP SN length for SL broadcast and groupcast was not made with a solid technical basis, so that using 18 bit PDCP SN length is not a design technically reasonable and makes actually no sense at all. 
To this end, we think the previous agreement on a specified 18 bit PDCP SN size in SL groupcast and broadcast should be revised. Considering that there is no PC5 RRC signaling to negotiate the temporally used PDCP SN size in SL groupcast and broadcast, the following solutions can be considered:
· Option 1: change PDCP SN size in SL groupcast and broadcast from 18bits to 12bits.
As per this Option, the PDCP PDU format for the SLRBs for groupcast and broadcast in the current specification (i.e. Figure 6.2.2.4-1 in TS 38.323) will be changed to the format as follows:

 
Option 1: PDCP Data PDU format for SLRBs for groupcast and broadcast with 12 bit PDCP SN
· Option 2: introduce another PDCP PDU format with12 bit PDCP SN size in SL groupcast and broadcast, and use a bit in PDCP header to indicate whether the PDCP SN size is 18 bits or 12 bits. 
In this option, one reserved bit is occupied as an indicator (e.g. F bit as in below figures) to distinguish the specific PDCP PDU format received by the UE in SL groupcast and SL broadcast. For example, F=0 refers to a PDCP PDU with 18 bit SN length, and F=1 refers to a PDCP PDU with 12 bit SN length. This is demonstrated in the following figures:


(a) PDCP PDU format with 18 bit PDCP SN, F=0

 
(b) PDCP PDU format with 12 bit PDCP SN, F=1
Option 2: Two PDCP Data PDU formats for SLRBs for groupcast and broadcast
It is obvious that option 1 is much simpler, with just changing a number, and needs nearly no specification impact. Therefore, we slightly prefer option 1. But we do not have a strong view, and either way is fine from our perspective. 
Proposal 1: RAN2 to discuss the following options:
· Option 1: change PDCP SN size in SL groupcast and broadcast from 18bits to 12bits.
· Option 2: introduce a PDCP PDU format with 12 bit SN in SL groupcast and broadcast, and use a bit in PDCP header to indicate whether the PDCP SN size is 18 bits or 12 bits.
3 Conclusion
In this contribution, PDCP SN size in SL groupcast and broadcast are reconsidered and the following observations and proposal are derived:
Observation 1: All the given date rates under different NR V2X scenarios in TS 22.186 could be satisfied when PDCP SN size is 12bits, and having PDCP SN size as 18 bit seems an over design. 
Observation 2: The 6-bit RLC SN length was agreed for NR SL groupcast and broadcast in RAN2 #107, based on the companies’ views that the NR SL groupcast and broadcast are not expected to be with ultra-high data requirements. Thus PDCP SN with 18 bits does not match the RLC SN with 6 bits. 
Observation 3: The motivation to use 18 bit PDCP SN size for the support of security related mechanism (i.e. COUNTER operation) for NR SL groupcast and broadcast is invalid as well, as SA3 concluded that no security mechanism is supported for NR SL groupcast and broadcast.
Proposal 1: RAN2 to discuss the following options:
· Option 1: change PDCP SN size in SL groupcast and broadcast from 18bits to 12bits.
· Option 2: introduce a PDCP PDU format with 12 bit SN in SL groupcast and broadcast, and use a bit in PDCP header to indicate whether the PDCP SN size is 18 bits or 12 bits.
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Appendix A: Companies’ views on 6-bit RLC SN size [6]
[bookmark: _Hlk16173558]Q3.4: For groupcast/broadcast NR SL RLC UM, which RLC SN length should be supported?
a) 6-bit
b) 12-bit
c) Others
	Company
	Option
	Comments if any

	Intel
	b)
	

	OPPO
	a)
	

	vivo
	a)
	For groupcast/broadcast NR SL RLC UM, a default SN length is needed. From the overhead perspective, 6-bit is preferable.
Or in the case of groupcast with HARQ feedback, 12-bit is selected.

	SHARP
	a) b)
	It should be configurable as a TX and RX attribute, especially for groupcast.

	Huawei
	b)
	

	Ericsson
	a)
	

	ZTE
	a)
	6-bit seems enough

	Samsung
	b)
	6-bit SN could satisfy currently defined QoS requirements of V2X services. However, if the requirements on data rate/number of carriers are enhanced in the future, longer SN sizes could be appropriate. By considering the future extension, 12-bit seems safer.

	CATT
	a)
	

	LG
	a)
	

	MediaTek
	a)
	

	Nokia
	a)
	SN=6 seems enough, especially as UM does not need ARQ feedback

	Qualcomm
	A
	

	Lenovo&MotoM
	b)
	12 bit SN is safer

	Spreadtrum
	a)
	

	ITL
	a)
	

	Apple
	a)
	No strong opinion.



Rapporteur’s observation:
13/17 companies selected a) and 5/17 companies selected b). One company thinks both 6-bit and 12-bit SN length should be supported. In rapporteur’s view, there is clear majority to only support 6-bit RLC SN length for groupcast/broadcast NR SL RLC UM. 

[bookmark: _Toc16175388]Proposal 13	For groupcast/broadcast NR SL RLC UM, 6-bit RLC SN length is supported.



Appendix B: Companies’ views on 18-bit PDCP SN size [4]
Question 10-1: If NW configuration option is used for pdcp-SN-Size, which candidate value(s) is preferred to be specified over NR Sidelink?
a) 12bits 
b) 16bits
c) 18bits 
d) Others, please specify
	Company
	Option(s)
	Comments

	Intel
	c)
	For unicast, as we commented in the SLRB email discussion, it can be shared between TX and RX UE and can be configurable.
For groupcast and broadcast, it should be fixed in specification as it relates to both TX and RX UEs. We don’t have strong preference on the value, but we can support NR Uu value of 18bits.

	OPPO
	Wait for SA3 reply
	In LTE, 16bits is decided since SA3 decided to use SN as 16-bit COUNTER, i.e., the input of the ProSe security algorithm. Therefore, we prefer to follow the decision from SA3 for NR-V2X as well.

	CATT
	Wait for SA3 reply
	Depends on whether SN will be used as an input of security, if it is, we should wait for SA3 input.

	Ericsson
	a) and c)
	For unicast, would be good to have this value configurable as it can be shared between TX UE and RX UT.
For groupcast and broadcast, this value should be fixed to 12bits as is the only supported value for SRB in NR Uu.

	Spreadtrum
	a) and c)
	Same as Uu link.

	Apple
	Wait for SA3 progress
	

	Samsung
	a), c)
	Same as Uu.

	Huawei
	a), c)
	Considering the different QoS requirement, we think it is beneficial to support 12 and 18 same as Uu at least for unicast.
For broadcast and groupcast, it seems not feasible to support configuration. Then c) is preferred.

	vivo
	a), c)
	We can send RAN2 preference to SA3 for double checking.

	LG
	
	Single size is preferred for R-16

	ZTE 
	Wait for SA3 progress
	We agree that for unicast,  the PDCP SN length can be configurable after negotiation between Tx and Rx UEs. For broadcast and groupcast, we can wait for SA3 on whether the SN should be an input for security algorithm.

	Nokia
	d)
	Wait for SA3

	Qualcomm
	b, c
	12-bit SN size is insufficient to support high data rate case. FFS whether 16-bit or 18-bit to be used.

	MediaTek
	a), c)
	Same as NR Uu.

	ITL
	Waif for SA3 progress
	



Summary of Q10-1:
15 companies provide the input to this question. 
8 companies prefer 18 bits, 6 companies prefer 12 bits. 1 company prefer 16 bits. 5 companies prefer wait for SA3 progress. 
Therefore 
Proposal 19: For NW configuration case, RAN2 sends pdcp-SN-Size values preference, i.e., 18 bits and 12 bits for PDCP SN size to SA3 for double checking.
Question 10-2: If Pre-configuration option is used for pdcp-SN-Size, which candidate value(s) is preferred to be specified over NR Sidelink?
a) 12bits
b) 16bits
c) 18bits
d) Others, please specify
	Company
	Option(s)
	Comments

	Intel
	c)
	Same as above.

	OPPO
	Wait for SA3 reply
	In LTE, 16bits is decided since SA3 decided to use SN as 16-bit COUNTER, i.e., the input of the ProSe security algorithm. Therefore, we prefer to follow the decision from SA3 for NR-V2X as well.

	CATT
	Wait for SA3 reply
	Same as Question 10-1.

	Ericsson
	a) and c)
	For unicast, would be good to have this value configurable as it can be shared between TX UE and RX UT.
For groupcast and broadcast, this value should be fixed to 12bits as is the only supported value for SRB in NR Uu.

	Spreadtrum
	a) and c)
	Same as Uu link.

	Apple
	Wait for SA3 progress
	

	Samsung
	c)
	One of Uu SN sizes between 12 bits and 18 bits is preferred.

	Huawei
	a), c)
	Same as Q10-1.

	vivo
	a), c)
	We can send RAN2 preference to SA3 for double checking.

	LG
	
	Single size is preferred for R-16

	ZTE
	Wait for SA3 reply
	Same as Q10-1.

	Nokia
	d)
	Same as Q10-1

	Qualcomm
	b, c
	Same as Q10-1

	MediaTek
	a), c)
	Same as NR Uu.

	ITL
	Wait for SA3 progress
	



Summary of Q10-2:
All companies have the same views with question 10-1. 
Therefore 
Proposal 20: For pre-configuration case. RAN2 sends pdcp-SN-Size values preference, i.e., 18 bits and 12 bits for PDCP SN size to SA3 for double checking.

Question 10-3: If Default configuration option is used for pdcp-SN-Size, which candidate value(s) is prefer to be specified over NR Sidelink?
a) 12bits
b) 16bits
c) 18bits
d) Others, please specify
	Company
	Option(s)
	Comments

	Intel
	c)
	We don’t have strong preference on the value, but it can be same as NR Uu value of 18bits.

	OPPO
	Wait for SA3 reply
	In LTE, 16bits is decided since SA3 decided to use SN as 16-bit COUNTER, i.e., the input of the ProSe security algorithm. Therefore, we prefer to follow the decision from SA3 for NR-V2X as well.

	CATT
	Wait for SA3 reply
	Same as Question 10-1.

	Ericsson
	a)
	In NR Uu, only 12bits can be used for SRBs. If SL SRB will use default setting, at least in the beginning, so 12 bits should be used as default.

	Spreadtrum
	c)
	

	Apple
	Wait for SA3 progress
	

	Samsung
	c)
	One of Uu SN sizes between 12 bits and 18 bits is preferred.

	Huawei
	c)
	See comments on Q10-1.

	vivo
	c)
	We can send RAN2 preference to SA3 for double checking.

	LG
	
	Single size is preferred for R-16

	ZTE
	Wait for SA3 reply
	Same as Q10-1

	Nokia
	d)
	Same as Q10-1

	Qualcomm
	b,c
	Same as Q10-1

	MediaTek
	c)
	

	ITL
	Wait for SA3 progress
	



Summary of Q10-3:
15 companies provide the input to this question. 
7 companies prefer 18 bits. 1 company prefer 12 bits, 1 company prefer 16bits, and 6 companies prefer waiting for SA3 progress. 
Therefore
Proposal 21: For default case, RAN2 sends pdcp-SN-Size values preference, i.e., 18 bits for PDCP SN size to SA3 for double checking.
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