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1	Introduction
The following has been agreed by RAN2#97bis meeting:
Agreements on RLC PDU format
-	NR RLC PDU and NR RLC PDU header should be byte-aligned.
-	NR RLC PDU will not include Length Indicator (LI) field.
-	NR RLC PDU will use 2-bits “FI-like” field to distinguish the complete RLC SDU, the first SDU segment, the middle SDU segment and the last SDU segment and SO field is needed just in the case of the middle SDU segment or the last SDU segment.  
-	NR RLC TMD PDU only consists of a Data field and does not consist of any RLC headers.
-  FFS if NR RLC UMD SDU should not include SN field and only NR RLC UMD SDU segment should carry SN field
-	NR RLC AMD PDU includes a 1-bit D/C field, 1-bit P field
-	RLC status report format is byte-aligned
-	Introduce a new field(s) “NACK SN range” in the status report format. FFS the details of this field and how the status report is coded

Additionally, RAN2#98 made the following agreement w.r.t. duplicate detection for RLC UM:
Agreements:
=>	Duplicate detection in RLC UM is not necessary 

This contribution discusses the need for using a sequence number in RLC UM mode of operation and addresses an issue raised w.r.t. pre-processing.
2	Discussion
2.1	SN applicability for RLC UM
As a result of the agreements listed above, and given that the RLC does not support reordering, the only purpose of an SN for RLC UM is to support segmentation. In other words, whenever segmentation does not occur, the RLC SN serves no purpose for RLC UM operation.
Observation 1: in RLC UM, whenever segmentation does not occur, the RLC SN serves no purpose.
The coverage of services with low bit rates such as VoIP is of paramount importance and until recently, RAN2 has still been discussing means to improve their support [RP-160664]:
-	Voice and Video over LTE (VoLTE/ViLTE) are key features for LTE to provide voice and video service. With the quick migration from 2G/3G to LTE and the increasing marketing requirement for high-quality voice/video services, Voice and video over LTE has being deployed and launched by operators over the world, which makes Voice and video over LTE capability extremely important for operators. In RAN#71, the study item “Study on enhancement of VoLTE” [1] was setup and concluded three aspects for VoLTE/video to be enhanced: 1)  the codec mode/rate selection and adaptation; 2) the signalling optimization; 3) VoLTE/video quality and coverage enhancements.
Additionally, RAN2 has agreed as baseline to support SO-based segmentation for segmentation and re-segmentation. With this, the same SN is assigned/used for every segment of a single RLC SDU and SO-field is used to point to the position of the original SDU the segment begins at. 
Observation 1 allows us to reduce the overhead in a simple way: limit the use of a sequence number to the PDUs where segmentation occurs. On the receiver side, PDUs without sequence numbers can be passed to PDCP for re-ordering while PDUs with a sequence number need all their segments to be reassembled before doing so. The number of bits for the sequence number will determine how many RLC PDUs can be segmented on the fly. For instance, with 2 bits, RLC-UM can handle the segmentation of 4 RLC PDUs on the fly.
Proposal 1: in RLC UM, limit the use of a sequence number to the PDUs where segmentation occurs.
2.2	SN field for RLC UM
Applying SN field only for RLC SDU segments, the required SN space does not anymore depend on the inflow of PDCP packets as for RLC AM. Rather it is similar to LTE: it depends on the number of TBs that can be transmitted simultaneously and maximum HARQ RTT. One TB may comprise of 0, 1, or 2 RLC SDU segments per RLC entity requiring maximum of one new SN to be applied per TB (the first segment counted in the previous TB since same SN is used for the segments) regardless of the number of complete RLC SDUs multiplexed.
In the email discussion “[98#39] – RLC UM – Qualcomm”, several companies proposed to apply 6 bits SN for RLC UM to be able to make the header field size equal for the unsegmented and first segment of RLC SDU for the ease of pre-processing. However, we think the 6 bits SN will not suffice for all the scenarios in NR, e.g., when CA configuration is applied for high data rate streaming applications. For instance, if 4 CCs are configured and 8 HARQ processes are assumed, 6 bit SN may only suffice in applying SN for the segments of the first HARQ transmissions without counting any HARQ re-transmissions. Hence, as soon as CA is active, 6 bit RLC SN is not enough to handle segmentation. Instead, the 12 (even 18) bit RLC SN could be used as baseline which equal to the ones agreed for PDCP SN. The exact required value can only be determined once RAN1 concludes the HARQ design in NR.
Proposal 2: use 12 bit (and even 18 bit) RLC SN as a baseline for RLC UM.
2.3	Pre-processing for the first segment of RLC SDU
During the email discussion “[98#39] – RLC UM – Qualcomm”, a concern was raised that in case RLC SN is included only in SDU segments, the header size of the first segment and unsegmented SDU should be of equal size for the ease of pre-processing. In practice, such a requirement would either require the maximum SN field size to be no longer than 6 bits as discussed above in 2.2 or the headers of complete RLC SDUs to be longer than 1 byte inducing more unnecessary overhead with reserved header fields.
We think that pre-processing the header field for the first segment of RLC SDU can be done offline and the possible change of header field size compared to full RLC SDU should not be critical. This stems from the fact that SN field value of next first RLC SDU segment is known in advance as the SN value is only increased by the incurrence of segment of a new RLC SDU in the transmitter. Such a header field can be pre-processed/created in advance in the transmitter and associated on the fly with a RLC SDU that gets next segmented. Otherwise, only the segmentation information (i.e., not a segment) header will be copied in every complete RLC SDU. Besides, the number of bytes to be included in the first segment needs to be calculated online anyway. Thus, no requirement to make UMD PDU header for complete RLC SDU and RLC SDU segment equal size shall be made. 
Proposal 3: UMD PDU header for a complete RLC SDU and an RLC SDU segment does not need to be of equal size.
Current running CR has quite some details on how pre-processing is done regarding to e.g. generating and modifying the headers in the figures and procedural text. Requiring to generate the headers upon SDU reception from higher layers could be problematic, e.g., when the SDU needs to be discarded. We think pre-processing should be enabled by the specification but should be up to implementation as commented in the email discussion, as such it should not appear in the normative text. 
Proposal 4: Pre-processing is left up to UE implementation, i.e. when/how to generate and modify the headers is not reflected in the normative text.
[bookmark: _GoBack]Proposal 5: Agree on the TP provided in the Annex.
3	Conclusions
This contribution discussed on the applicability of SN for RLC UM entity and the transmitter pre-processing details. The following proposals were made:
Observation 1: in RLC UM, whenever segmentation does not occur, the RLC SN serves no purpose.
Proposal 1: in RLC UM, limit the use of a sequence number to the PDUs where segmentation occurs.
Proposal 2: use 12 bit (and even 18 bit) RLC SN as a baseline for RLC UM.
Proposal 3: UMD PDU header for a complete RLC SDU and an RLC SDU segment does not need to be of equal size.
Proposal 4: Pre-processing is left up to UE implementation, i.e. when/how to generate and modify the headers is not reflected in the normative text.
Proposal 5: Agree on the TP provided in the Annex.
Annex Text proposal to TS 38.322
[bookmark: _Toc484620847][bookmark: _Toc454281518][bookmark: _Toc484620849]
*** Start of change ***
[bookmark: _Toc484620829][bookmark: _Toc454281498]4.2.1.2	UM RLC entity
[bookmark: _Toc484620830][bookmark: _Toc454281499]4.2.1.2.1	General
An UM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:
· DL/UL DTCH


	
Figure 4.2.1.2.1-1: Model of two unacknowledged mode peer entities
An UM RLC entity delivers/receives the following RLC data PDU:
-	UMD PDU.
Editor’s note: FFS if a different type of RLC data PDU is needed for transport of RLC SDU segments.
NOTE:	HARQ reordering is only applicable for UMD PDUs containing RLC SDU segments.
[bookmark: _Toc484620831][bookmark: _Toc454281500]4.2.1.2.2	Transmitting UM RLC entity
When a transmitting UM RLC entity forms UMD PDUs from RLC SDUs, it shall: 
-	segment the RLC SDUs so that the UMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer; 
- 	include relevant RLC headers in the UMD PDU.
The transmitting UM RLC entity generates an UMD PDU for each RLC SDU. It shall include relevant RLC headers in the UMD PDU. When notified of a transmission opportunity by the lower layer, the transmitting UM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding UMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer. 
*** End of change ***

*** Start of change ***
5.1.2	UM data transfer
5.1.2.1	Transmit operations
[bookmark: _Toc484620850][bookmark: _Toc477961570]5.1.2.1.1	General
When delivering a new UMD PDU to lower layers, the transmitting UM RLC entity shall:
-	if the UMD PDU contains a first segment of a RLC SDU:
	-	set the SN of the UMD PDU to Next_TX_SN, and then increment Next_TX_SN by one;
[bookmark: _Toc484620875][bookmark: _Toc480393682][bookmark: _Toc477961595]*** End of change ***

*** Start of change ***
6.2.1.3	UMD PDU
UMD PDU consists of a Data field and an UMD PDU header.
Editor’s note: To be updated based on agreements on supported RLC SN lengths, inclusion of RLC SN etc. 
UMD PDU header consists of a SI (field that is present for every UMD PDU) and either R1s for a complete RLC SDU; a SN and R1s for a first RLC SDU segment; or a SN, R1s, and SO for a middle or last RLC SDU segment. The resulting UMD PDU header is byte aligned.
Editor’s note: The RLC SN length is FFS, 12 bit SN is used for illustration. 

 
Figure 6.2.1.3-1 UMD PDU for a complete RLC SDU.


 
Figure 6.2.1.3-2 UMD PDU with 12 bit SN for a first RLC SDU segment.


 
Figure 6.2.1.3-3 UMD PDU with 12 bit SN for a middle or last RLC SDU segment.

*** End of change ***
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