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1 Introduction

During RAN2#95bis, RAN2 made several agreements related to RLC and PDCP. A.o. the following agreements were made:

	  RLC:

· The ARQ will be supported in RLC. RLC adds an RLC SN

  PDCP:

· PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case)



Based on these agreements, it is clear that in the case of dual-connectivity with RLC-AM a double SN will be required:

· RLC will have an SN to enable detection of missing RLC PDUs previously transmitted via this Cell Group.

· PDCP will have an SN to perform re-ordering for in sequence delivery to higher layers

However, as shown in figure 1, a double SN might not strictly be required for other cases:

	
	Non-split bearer
	Split bearer

	RLC-AM
	Case 1:

Double SN not strictly
 required ?
	Case 2: 

Double SN required

	RLC-UM
	Case 3:

Double SN not strictly
 required ?
	Case 4
:

Double SN not strictly
 required ?



Table 1: Double SN required ?
In this contribution we examine whether it would be sensible to only have a single-SN in the cases 1,3 and 4. We will examine this by looking at the following aspects:

1) Decrease of control overhead

2) Inter-layer interaction

3) Complexity at bearer type change

2 Rationale
2.1 Decrease of control overhead


In Annex A we estimate the RAN UP control overhead for IP packets with single and double SN based on todays LTE header sizes. Table 2 summarizes the results:
	Traffic case
	Reduction in control overhead when going to Single SN

	1. High speed data
	- 0.1%

	2. VOIP
	0%

	3. TCP ACKs (uncompressed)
	- 3.6%

	4. TCP ACNs (compressed)
	- 6.2%



Table 2: Relative control overhead decrease by using single SN


Note that these percentages are probably the maximum overhead reduction that can be achieved since we do not consider any RLC header extensions to combat the RLC SN removal (e.g. for segmentation/re-assembly; see next section). 

Based on table 2 we make the following observation:

Observation 1:  
Maximum obtainable control overhead decrease by going to single SN is relatively small.
2.2 Inter-layer interaction


In the single SN case, it seems logical to assume that we have a PDCP SN since PDCP will have to ensure in sequence delivery to higher layers in many cases. 

RLC uses an RLC SN for two main functionalities which will now have to be addressed differently:

· ARQ (case1 in table 1)

· To detect missing RLC PDU’s at the receiver, the RLC receiver will have to use the PDCP SN. This will create an inter-layer interaction.
· PDU segmentation/re-assembly (cases 1,3 and 4 in table 1) 

· To detect which segments belong together to the same RLC PDU, RLC receiver will either have to look at the PDCP SN (duplicated in each RLC segment), or will have to introduce an additional separate mechanism (not obvious).
Based on the above can see:

Observation 2:  
Working with a single SN will likely increase inter-layer interaction, which may not be preferable from clean protocol design point of view.
2.3 Complexity at bearer type change


When we would allow single SN based approach for certain bearer types, the detailed handling of SN’s at bearer type change needs to be studied further. Assuming that in case of single SN we have a PDCP SN (and RLC somehow uses the PDCP SN for ARQ), we can look at two bearer type change cases:
Bearer type change 1: Single SN -> Double SN

· If we assume that in the single-SN case we only have a PDCP SN, at this bearer type change the PDCP SN might “continue” and an RLC SN will have to be “started”. Full PDCP SN in continuation might be preferable/possible ? Starting RLC SN from zero seems possible ?

Bearer type change 2: Double SN -> Single SN

· Since the RLC SN is discontinued, it is not possible to continue RLC retransmissions during the bearer type change. As a result, we need to perform an RLC re-establishment also in the continuing Cell Group(inefficient), and PDCP will have to take care of the necessary retransmissions.

Observation 3:  
Working with a single SN for some bearer types, and double SN for some other bearer types will result in more complex bearer type change operation and lead to ineffiency at bearer type change.
3 Conclusions
Based on the observations in section 2, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1:
RAN2 does not further investigate the possibilities of working with a common single SN for RLC and PDCP in the coming 6 months.
It is assumed that if this proposal is accepted, at least the first NR release will not support single-SN operation.
A. Annex A: Control overhead comparison
A.1. High speed data
Assumptions:

	
	Dual SN
	Single SN

	PDCP
	3
	3

	RLC
	3
	1 (D/C, P, FI …)

	MAC
	3
	3

	IP packet size
	1500
	1500


Overhead estimation:

	　
	Double SN
	Single SN
	　

	# of IP packets
	L2 overhead
	Payload
	Overhead
	L2 overhead
	Payload
	Overhead
	Difference 

	1
	9
	1500
	0.5964%
	7
	1500
	0.4645%
	-0.1319%

	10
	90
	15000
	0.5964%
	70
	15000
	0.4645%
	-0.1319%

	100
	900
	150000
	0.5964%
	700
	150000
	0.4645%
	-0.1319%

	1000
	9000
	1500000
	0.5964%
	7000
	1500000
	0.4645%
	-0.1319%


A.2. VOIP 

Assumptions:

	
	Dual SN
	Single SN

	PDCP
	1
	1

	RLC
	1 (D/C + FI + 5 bit SN)
	1 (D/C + FI + 5 bit R)

	MAC
	2
	2

	IP packet size
	35
	35


Overhead estimation:
· Since header sizes are identical, no difference in overhead.

A.3. TCP ACK’s (uncompressed)

Assumptions:

	
	Dual SN
	Single SN

	PDCP
	3
	3

	RLC
	3
	1 (D/C, P, FI …)

	MAC
	3
	3

	IP packet size
	40
	40


Overhead estimation:
	 
	Double SN
	Single SN
	 

	# of IP packets
	L2 overhead
	Payload
	Overhead
	L2 overhead
	Payload
	Overhead
	Difference 

	1
	8
	40
	16.6667%
	6
	40
	13.0435%
	-3.6232%

	10
	80
	400
	16.6667%
	60
	400
	13.0435%
	-3.6232%

	100
	800
	4000
	16.6667%
	600
	4000
	13.0435%
	-3.6232%

	1000
	8000
	40000
	16.6667%
	6000
	40000
	13.0435%
	-3.6232%

	10000
	80000
	400000
	16.6667%
	60000
	400000
	13.0435%
	-3.6232%


A.4. TCP ACK’s (compressed)

Assumptions:

	
	Dual SN
	Single SN

	PDCP
	3
	3

	RLC
	3
	1 (D/C, P, FI …)

	MAC
	3
	3

	IP packet size
	10
	10


Overhead estimation:
	 
	Double SN
	Single SN
	 

	# of IP packets
	L2 overhead
	Payload
	Overhead
	L2 overhead
	Payload
	Overhead
	Difference 

	1
	9
	10
	47.3684%
	7
	10
	41.1765%
	-6.1920%

	10
	90
	100
	47.3684%
	70
	100
	41.1765%
	-6.1920%

	100
	900
	1000
	47.3684%
	700
	1000
	41.1765%
	-6.1920%

	1000
	9000
	10000
	47.3684%
	7000
	10000
	41.1765%
	-6.1920%

	10000
	90000
	100000
	47.3684%
	70000
	100000
	41.1765%
	-6.1920%


� Note that this case is currently not supported in LTE.





