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Discussion and Decision
1      Introduction
In RAN2 NR AH#2 meeting, following was agreed regarding RLC UM:
Agreements

1.
RLC UM without SN for the complete SDU is selected.   FFS which options is selected 

2.
SI field is included in RLC UM header to differentiate complete RLC SDU, the first SDU segment, the middle SDU segment, and the last SDU segment. 

-
The header of unsegmented SDU contains only SI field. 

-
The header of first segment contains only SI field and SN. 

-
The header of middle and last segment contains SI field, SN, and SO.  

The size of SN for RLC UM is still FFS. In this contribution, we discuss RLC UM SN size.
2      Discussion
There were different opinions on RLC UM SN size when SN is only included for the SDU segments: e.g. 5, 6, 12, or even 18 bits as from contributions [1]

 REF Ref_CATT \h 
[2]

 REF Ref_LG \h 
[3]

 REF Ref_Nokia \h 
[4].
Before further discussion, it is helpful to review the differences between LTE RLC UM and NR RLC UM. There are two differences:
· In LTE, concatenation is performed in RLC layer. Therefore there is one SN per RLC PDU. In NR, concatenation is not performed in RLC layer. Therefore RLC SN is related to RLC SDU.
· In LTE, SN is allocated for each new RLC PDU. In NR, SN is not allocated for complete RLC SDU.

It is also useful to review the LTE history on RLC UM SN size. In the first LTE release (Rel-8), both 5 bit and 10 bit RLC UM SN sizes are supported. The 10 bit RLC SN was agreed in addition to 5 bit SN (which can be contained in one-byte RLC UM header) to align with RLC AM after discussion of [5]

 REF Ref_Ericsson \h 
[6]. 
After several releases of LTE specifications, additional RLC SN sizes are not added for UM even up to Rel-14. Note that LTE has increased the number of carriers to be supported from 1 carrier in Rel-8 to 32 in Rel-13, but still there is no increase of RLC UM SN size (e.g. with reasons discussed in [7]). Meanwhile the RLC AM SN size is increased from 10 bit (in Rel-8) to 16 bit SN (in Rel-13) to support 32 carriers. The main difference here is that RLC UM is not used to carry services for very high data rate. Even if UE can support extremely high data rate, there is no need to support very high data rate RLC UM services.
For NR, we will analyse three typical services below to see whether 6 bit RLC UM SN size is sufficient: VoIP, video telephony and real time gaming. For typical RLC UM services, one packet is generated at a time. Suppose the mean inter-packet arrival time is T ms, the packet delay budget in the air interface is D ms, the RLC UM receiver window is N (with 6 bit SN, the window size N = 26-1=32), then RLC UM receiver window size N should satisfy the requirement that NT > D. The reasons is that SN=n can be discarded when SN=n+N is received, and the average inter-packet delay between SN=n and SN=n+N is NT. To satisfy QoS requirements, it is not desirable to discard RLC SDU segments whose delay budget has not been reached. One thing to note is that for services like real time gaming, inter-packet arrival is not constant, therefore mean inter-packet arrival time is considered in the analysis. It is better to leave some margin for the extreme case (e.g. several packets arrive with very short inter-packet arrival times), hence it is preferable that NT / D is larger than 1.
The analysis of the typical services are shown in Table 1 below. The packet delay budget is derived from Table 6.1.7 of LTE TS 23.203 [9] for QCI 1 (Conversational Voice), QCI 2 (Conversational Video), and QCI 3 (Real Time Gaming). Since only the air interface delay is considered, the delay of 20 ms for the delay between a PCEF and a radio base station is subtracted (according to Note 1 of Table 6.1.7 of LTE TS 23.203 [9]). In case of inter-packet arrival time:
· VoIP: typically VoIP packets are generated every 20 ms.

· Video telephony: typically the maximum frame rate is 30 fps (e.g. Table 6.3-1 of TR 26.922 [10]), which is translated to 33 ms inter-packet arrival time.
· Real Time Gaming: the data is from Table A.1-1 of TR 36.822 [8]. The smallest mean inter-packet arrival time from the table is used, which corresponds to the most stringent requirement for RLC UM SN size.
Table 1: Analysis of different services for RLC UM
	Services
	Mean inter-packet arrival time T (ms)
	Packet delay budget D (ms)
	RLC UM window N
	NT / D

	VoIP
	20
	80
	32
	8

	Video telephony
	33
	120
	32
	8.8

	Real time gaming
	11
	30
	32
	11.7


From above analysis it can be seen that 6 bit RLC UM SN size is sufficient to satisfy the QoS requirement with a large margin. 
For URLLC service, due to its tight delay budget, 6 bit RLC UM SN size should be more than sufficient.
Another aspect worth discussing here is that for coverage reasons, one RLC SDU might have several segments. In LTE, this requires several RLC SNs. But in NR, only one SN is needed for one RLC SDU. Therefore there is less need for larger SN space in NR.

Taking the previous LTE discussion history into account, there is no strong motivation to support larger RLC UM SN size in NR.
Observation 1: For RLC UM, 6 bit RLC SN is sufficient to satisfy QoS requirements.
Since SN is omitted for the complete SDU, there are three RLC UM header formats:

· For the complete SDU, the header size is one byte containing SI field. 

· For the first segment, SO field is not needed. Therefore RLC header contains fields SI and SN.

· For the middle or the end segment, SO field is needed. Therefore RLC header contains fields SI, SN and SO.

If SN field consists of 6 bits, the RLC header for complete SDU and the first segment both have one byte header, as shown in Figure 1 below. On the contrary, if SN field is larger than 6 bits, the size of RLC header for complete SDU and the first segment have different sizes.
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Figure 1: RLC SDU format with 6 bit SN
Different header size for complete SDU and first SDU segment has impact on both transmitter and receiver. From transmitter perspective, pre-processing is one important solution to satisfy the challenging transmitter side processing. In previous discussion on RLC header format, one of the reasons to agree on omitting SO field for the 1st segment is its friendliness to the transmitter side processing. The reason is that when segmentation is performed, transmitter side only needs to modify FI field in place, without moving the memory content due to the header size change (which is needed if the header size of the 1st segment is different from the complete SDU). The same reasoning is also applicable for the discussion here. When the header size for complete SDU and first SDU segment is 1 byte, there is no impact to the pre-processing compared with the case that SN is always transmitted. From receiver processing perspective, there is also less impact to receiver complexity if header size for complete SDU and first SDU segment is the same. The reason is that if header size for complete SDU and first SDU segment is different, then for each RLC header format, the header size is different, which means that there are totally 3 sizes for RLC headers. On the contrary, if header size for complete SDU and first SDU segment is the same, there are only 2 sizes in total for RLC headers.

Observation 2: There is transmitter and receiver side impact to support more than 6 bit RLC UM SN size.
In summary, 6 bit RLC UM SN size can satisfy QoS requirement and also has no impact on transmitter and receiver processing compared with larger SN sizes. The other obvious benefit is the less header overhead. Therefore it is proposed to only consider 6 bit RLC UM SN size.
Proposal 1: RLC UM SN size is 6 bits.
3      Conclusion
In this contribution, we discuss RLC UM SN size. We have following observations:

Observation 1: For RLC UM, 6 bit RLC SN is sufficient to satisfy QoS requirements.
Observation 2: There is transmitter and receiver side impact to support more than 6 bit RLC UM SN size.
We propose the following:
In summary, 6 bit RLC UM SN size can satisfy QoS requirement and also has no impact on transmitter and receiver processing compared with larger SN sizes. The other obvious benefit is the less header overhead. Therefore it is proposed to only consider 6 bit RLC UM SN size.
Proposal 1: RLC UM SN size is 6 bits.
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