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1. Introduction
During NR SI, in term of RLC segmentation, RAN2 agreed following 
	SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (It does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.


This email discussion aims to make progress further on Segmentation function for NR. 
[97#63][NR] SO segmentation  (DOCOMO)

Progress understanding of the issues and potential solutions

Intended outcome: Email discussion report

Deadline: Thursday 16/03/2017
2. Discussion
In RAN2#97, several remaining issues were raised by companies [1-10]. Based on those input, this email discussion has followings in the scope. 
Disc point1) Configurability of RLC segmentation for RLC-AM and UM 
Disc point2) Association of RLC SDU and RLC SN
Disc point3) Indication for segmentation
Disc point1: Configurability of RLC segmentation for RLC-AM and UM.
For NR, 3 RLC modes (RLC-AM, UM and TM) are supported as for LTE today and several papers addressed whether to allow disabling RLC segmentation [1][2][5]. Since it is obvious that segmentation is not applicable for RLC-TM, the question here is whether it should be allowed not to apply RLC segmentation for RLC-AM and/or UM. Companies are invited to describe their views and if it should be allowed, it will worth stating the use case and potential benefit.
Q1: Segmentation can be disabled for RLC-AM and/or RLC-UM?
	Company name
	Yes/No
	Remarks

	Nokia
	FFS
	We should avoid facing any deadlock when small TBs cannot fit large SDUs which might happen if segmentation is completely disabled per LCH. Dismissing segmentation per TTI/TB basis, e.g., when the padding overhead still fall under a certain limit with large TB and small padding, can be considered if UE/Chipset vendors see the need to support high bit rates.

	Samsung
	No
	Without segmentation, there will be waste of radio resource due to large amount of padding. For large RLC SDU size, sometimes packet cannot be transmitted due to small TB size allocation. Even in high data rate scenario, one SO field per transport block is added. That means that segmentation does not require heavy processing. Thus processing burden due to segmentation is not big. 

	NEC
	No
	As pointed out by companies above, the segmentation needs to be applied to avoid a deadlock situation where a data packet cannot be included in a (remaining of) provided TB size. 
Our answer is basically assuming the disabling per logical channel, but the dynamic disabling (e.g. remarks from Nokia) can be discussed if companies would like to discuss its possibility.

	MediaTek   
	No
	There appear to be many disadvantages of disabling segmentation. For example, there is scope of considerable radio resource wastage when packet size and UL grant do not match. Also, BSR reporting may need to be enhanced and scheduling functionality at the gNB may be impacted. We agree with Samsung that processing burden of segmentation is not significant. We do not see significant gain with disabling segmentation.  

	Intel
	FFS
	We agree that segmentation is needed if a RLC SDU cannot fit into small TB size, or the radio resource waste is an issue for large ratio of padding. On the other hand, we also see the processing benefit of skipping segmentation for high data rates, provided that padding ratio is reasonably small.

	LG
	No
	We don’t see any benefit not performing segmentation. 

	ZTE
	No
	We agree with Samsung and we think the segmentation function should be mandatory for RLC AM and UM. In addition, we think the TM mode should be used instead of UM if the segmentation is not required. 

	KT
	No
	We think segmentation is needed for efficient use of radio resource.

	Ericsson
	No
	We see no large benefits in configurable segmentation for RLC-AM and RLC-UM. We would like to see that UE fill their TB(s) and not send padding if there is more data to send. This should be straightforward to specify and should be feasible process-wise.

	OPPO
	FFS
	Maybe it’s beneficial for some logical channels which are carrying low latency data with small packets, in this case, disabling segmentation can enable fully pre-processing which means PDU can be pre-created without segmentation. Of course, we should avoid any deadlocks when small TB can not fit large SDU as Nokia mentioned.

	Panasonic
	No
	As companies mentioned if the SDU size is larger than the grant size in that case RLC SDU can’t fit into the TB size provided by the network. Hence, UE can’t send the RLC SDU in this particular TTI. UE has to wait for the next grant which increases the latency and waste of network resources. Thus it could minimize the benefits by disabling segmentation.

	III
	FFS
	For URLLC scenario (RLC-UM), we might need to consider reduce the processing latency for segmentation.

	ITRI
	Yes
	We should not segment URLLC packets because it results in extra processing latency at receiver side.

	vivo
	No
	We agree with Samsung. The mismatch between UL grant and RLC SDU size will lead to waste of radio resource or latency. Although the enhancement of BSR and scheduling can solve the problems to some extent, the problems exist in some cases.

	Fujitsu
	No
	Segmentation is needed in case the IP packet is larger than the transport block size scheduled by MAC layer. Even for services with small packets, TBS smaller than IP packet may happen due to varying radio condition. 

Besides, segmentation is needed to avoid radio resource waste.

Since concatenation is removed, segmentation will not cause much processing latency any more in RLC layer, if the pre-processing is adopted to construct RLC PDUs.

	CATT
	No
	We share Samsung’s view that the small complexity of segmentation in NR-RLC does not justify making segmentation optional.

	Huawei, HiSilicon
	No
	Segmentation is needed for efficient use of radio resources, especially for the dynamic channel conditions NR deployment may encounter. 

	Lenovo
	No
	We don’t see a need/benefit in making the segmentation functionality configurable. 

	Qualcomm
	Maybe
	We think it is reasonable to consider disabling segmentation for high data rate scenario. At cell edge, disabling segmentation may result in higher waste of capacity. If segmentation can be disabled in some cases, the configuration should be based on data rate.

	Sequans
	No and FFS
	We do not think disabling segmentation by configuration is needed, but this does not preclude studying cases in which UE may be allowed to skip it.

	NTT DOCOMO
	No
	Segmentation should be always enabled to avoid the deadlock situation where the RLC SDU size is not fit to TBS. This cannot be achieve unless RLC SDU size is predictable. Also, it is quite questionable that it will relax the UE processing requirement to skip segmentation.


Disc point2) Association of RLC SDU and RLC SN
In RAN2#97, the working assumption on no RLC concatenation was confirmed. This allows the transmitter side to pre-process the RLC PDU which means that RLC SDU will be associated with RLC SN before UL grant even before UL grant reception. As per such pre-processing, in the paper [9] by which the agreement on SO based segmentation was made, it was stated that SO based segmentation is more suitable for pre-processing since re-association of RLC SDU with RLC SN is not needed even when segmentation is performed for pre-processed RLC SDU. The implication is that an RLC SDU is associated with only one RLC SN.
On the other hand, it has not been explicitly excluded yet that RLC SDU segments can be associated with more than one RLC SNs, i.e., when an RLC SDU is segmented, the different byte segments from the same RLC SDU can be associated with different RLC SNs. This is also related to the FFS point where segmentation is based on SDU or PDU as captured in TR38.804, i.e., if an RLC SDU is associated only one RLC SN, the segmentation should be RLC SDU based. 
Companies are invited to describe their views on following 2 questions:
Q2a: An RLC SDU can be associated with only one RLC SN or more than one?
	Company name
	Only one or more than one?
	Remarks

	Nokia
	One
	With multiple SNs we lose the benefit of pre-processing as discussed above by rapporteur. Given the agreement of SO-based segmentation, an RLC SDU has to have same SN, otherwise FI should be used to assemble the SDU. In this case, we would need to have separate handling for segmentation and re-segmentation.

	Samsung
	Only One
	Since RAN2 agreed to remove RLC concatenation, one RLC PDU contains at most one RLC SDU. By SO field indicating the position within the data field of the original SDU, an RLC SDU can be associated with only one RLC SN. We do not see that more SNs for one SDU are needed. 

	NEC
	Only one
	It is also our understanding that no RLC concatenation and the SO-based segmentation would mean to apply only one RLC SN to a RLC SDU. Otherwise, pre-processing gain will be reduced as re-construction of following RLC PDUs will be required once segmentation is required.

	MediaTek
	Only one
	We have similar understanding as previous companies.

	Intel
	Only one
	This is the natural consequence of removing concatenation from RLC.

	LG
	Only one
	All SDU segments from an SDU have the same RLC SN as the original SDU.

	ZTE
	Only One
	Since the segmentation is not preformed based on the resources granted in L1, we don’t see any need to allocate more than one RLC SN for one RLC SDU.

	KT
	Only one
	We also think no RLC concatenation and the SO-based segmentation would mean to apply only one RLC SN to a RLC SDU.

	Ericsson
	Only One
	Like Samsung and others above, we think that a single SN is associated with a RLC SDU including segments of that SDU using SO offset fields.

	OPPO
	ONLY ONE
	We share similar views as the previous companies

	Panasonic
	Only one
	We can utilize the 1 bit which indicates segmentation. Hence, no need to associate same RLC SDU with more than one SN which benefits to reduce pre-processing.

	III
	One
	We have similar understanding as NEC.

	ITRI
	Only One
	There is no need to use different RLC SNs to identify different RLC SDU segments from the same RLC SDU because they can be distinguished by SO field.

	vivo
	Only one
	Considering the motivation of removing RLC concatenation, it’s better to have only one SN for one RLC SDU, otherwise the benefit of the removing design will be degraded.

	Fujitsu
	Only one
	In SO-based segmentation, if an RLC SDU is only associated with one RLC SN, no modification on the SN filed is necessary even if a pre-constructed RLC PDU has to be segmented. This benefits the short processing latency. That’s also one of the reasons why SO-based segmentation is agreed as the baseline. 

	CATT
	Only one
	With the use of SO-based segmentation, there is no longer a need to associate an RLC SDU to different SNs in case it is segmented. On the contrary, this would unnecessarily increase the SN size. 

	Huawei, HiSilicon
	Only one
	An RLC SDU or its RLC SDU segments are associated with only one RLC SN.

	Lenovo
	Only one
	Agree with others that a single SN should be associated with a RLC SDU or segments thereof 

	Qualcomm
	Only one
	We prefer SDU-based segmentation in RLC for its simplicity.

	Sequans
	Only one
	This seems straightforward.

	NTT DOCOMO
	Only one
	This will make pre-processing efficient.


Q2b: Segmentation is based on SDU or PDU based?

	Company name
	SDU or PDU
	Remarks

	Nokia
	Either
	Without concatenation in RLC, segmentation of PDU or SDU are basically equivalent?

	Samsung
	SDU
	Since RAN2 agreed to remove RLC concatenation, there is only segmentation of one RLC SDU and one RLC PDU contains at most only one RLC SDU. Thus, segmentation and resegmentation in NR should be of RLC SDU. SO field should indicate the position within the data field of the original SDU.

	NEC
	SDU
	In our understanding/interpretation, SDU-based segmentation would mean to apply the segmentation for a RLC SDU and each of RLC SDU segments is contained in different RLC PDUs having the same RLC SN (as answered to Q2a).
On the other hand, PDU-based segmentation may mean (seems like) a RLC PDU is segmented and non-first segment does not include any RLC header, which we guess should not be the intention. So, Q2b maybe only wording/definition issue? Otherwise, we would like to understand it better.

	MediaTek
	PDU
	We agree with Nokia that with the removal of concatenation in RLC, it may not matter much whether segmentation is performed on SDU or PDU basis. From a modelling perspective, we note that RLC PDUs are created offline. When a UL grant is received, it is these RLC PDUs that are subject to segmentation. Of course an RLC PDU can only contain data from a single RLC SDU.

	Intel
	SDU
	A RLC SDU is associated with RLC PDUs sharing the same RLC SN, with each RLC PDU containing a RLC SDU segment

	LG
	SDU
	RAN2 agreed on SO-based segmentation, which implies that segmentation is performed for SDU and SO field indicates the position from the original SDU.

	ZTE
	PDU
	In order to have a unified segmentation operation for both initial segmentation and re-segmentation, also considering that only the AMD PDU will be stored in the retransmission buffer, we think the RLC AMD/UMD PDU should be generated based on the RLC SDU and the AMD/UMD PDU segment should be generated  based on the AMD/UMD PDU. 

	KT
	SDU
	We think SO field indicate the position of the AMD/UMD PDU segments in bytes within the original SDU.

	Ericsson
	SDU
	(Related to Q2a) We think segmentation, including re-segmentation, is SDU based; using the SO field for segment discrimination.

	OPPO
	SDU
	In our understanding, if the segmentation is based on PDU, the first segment would include two headers, one the header of the PDU segment, the other is the header of the original PDU, we think this is not necessary, so we support the segmentation is based on the SDU.



	Panasonic
	SDU
	Since, SN is associated with SDU therefore SO is indicated in the SDU based. Thus Segmentation is based on the SDU based.

	III
	Either
	We have similar understanding as Nokia.

	ITRI
	SDU
	We support that an RLC SDU is associated with only one RLC SN. So the segmentation should be RLC SDU based.

	vivo
	SDU
	Since one RLC SDU with one SN and RLC PDUs associated with a RLC SDU sharing the same RLC SN, we support that the segmentation is based on the SDU.   

	Fujitsu
	SDU
	Same reasons with Q2a.

	CATT
	SDU
	The SDU origin is the common reference for all SO fields of resulting PDU segments. 

	Huawei, HiSilicon
	SDU
	Segmentation is performed on RLC SDU, and the same RLC SN is associated with the resultant RLC SDU segments.

	Lenovo
	SDU
	Segmentation including re-segmentation should be based on RLC SDU.

	Qualcomm
	SDU
	We prefer RLC SDU-based segmentation for its simplicity.

	Sequans
	Either
	Agree with Nokia, the difference is not clear. This seems more a modelling question.

	NTT DOCOMO
	SDU
	In our understanding, if SO field indicates the position of byte segment of RLC SDU since we have no RLC concatenation. On the other hand, as pointed out by NEC, it seems not related to the fundamental behaviour but just how to describe in our specification. 


Disc point3) Indication for segmentation
In [3][5][6][7][10], the details on how to indicate whether/how segmentation is performed was addressed. In LTE, FI field (2 bits length) is used to indicate whether segmentation is performed at the beginning and/or end of data field, and when RLC PDU is retransmitted, RF field and SO field is used to indicate whether/how the re-segmentation is performed. 
The discussion here is what kind of information related to segmentation should be included in RLC header to distinguish the cases if we employ SO-based segmentation. The figure illustrates 4 cases, Case1 where there is no segmentation and Case2-4 where beginning/middle/end of RLC SDU is segmented. It should be noted that the intention is not to address the details of bit meaning but to discuss the high-level principle of RLC header design. 
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Figure.1
The first question is what segmentation information is needed Case1. In this case, it will be enough for RLC header to indicate that RLC PDU contains a complete RLC SDU and SO field will not be needed.
Q3a: RLC header indicates if RLC PDU carries a complete RLC SDU or RLC SDU segments?

	Company name
	Yes/No
	Remarks

	Nokia
	Yes (implicitly)
	There is no need to have a separate bit for indicating complete RLC SDU or RLC SDU segment, but it could come implicitly from the two bit segmentation field where one bit indicates whether the first octet of the RLC PDU is the first octet of the RLC SDU and second bit indicates whether the last octet of the RLC PDU is the last octet of the RLC SDU.

	Samsung
	Yes
	At least one bit indication which means a complete RLC SDU is needed.

	NEC
	Yes
	This needs to be indicated. 
How to do it can be discussed together with the remaining Q3-seriese below. For instance, both approaches from Nokia (always two bits used) and Samsung (one more bit (LSF) used for segmented case) seem workable according to our understanding. One of differences would be whether (need to/useful) to indicate “middle segment [3]”.

	MediaTek
	Yes
	We think a 2 bit field would be needed.

	Intel
	Yes
	Agree with Nokia that this can be done implicitly.

	LG
	Yes
	

	ZTE
	Yes
	Since all the 4 cases have already been identified, the straightest way is to introduce two bit indicator to indicate which case the PDU (segment) received belongs to. 

	KT
	Yes
	We think one bit indication whether RLC PDU carries a complete RLC SDU or RLC SDU segments is needed.

	Ericsson
	Yes
	Agree with Nokia. I.e.:
The header of the RLC PDU indicates i) with one bit whether the last octet of the RLC PDU payload is also the last octet of the RLC SDU and ii) with one bit whether the first octet of the RLC PDU payload is also the first octet of the RLC SDU

	OPPO
	Yes
	By indication (explicit or implicit) the SO bits could be saved in this case, which means SO bits are not always exist in the header, it will be discussed with the following questions together.

	Panasonic
	Yes
	One bit has to be required which indicate the receiver whether RLC SDU is complete SDU or segmented SDU.

	III
	Yes
	Agree with Nokia that this can be done implicitly.

	ITRI
	Yes
	The indication is needed for receiver side to decide whether reassembly should be performed or not.

	vivo
	yes
	From the point of reassembling, the indication is necessary.

	Fujitsu
	Yes
	For case 1, if the complete RLC SDU is indicated, then SO field is unnecessary since no segmentation is performed. This can significantly reduce the overhead of SO field, since case 1 is the most common case at the transmitter side. It’s FFS whether the LSF field is needed in this case.

	CATT
	Yes
	2 bits in the header are used to indicate Case 1 (whole SDU) out of the 4 cases in Figure 1: whole SDU, the first segment, the middle segment and the last segment 

	Huawei, HiSilicon
	Yes
	RLC header provides information if RLC PDU starts with the beginning of an RLC SDU.

	Lenovo
	Yes
	There are different options how to signal whether RLC PDU contains a complete RLC SDU or RLC SDU segment. Slight preference for 2bit indication (like for LTE).   

	Qualcomm
	Yes
	RLC header should contain information to judge if reassembly is needed at Rx side.

	Sequans
	Yes
	

	NTT DOCOMO
	Yes
	


Q3b: RLC header does not include SO field if RLC PDU carries a complete RLC SDU, i.e., in Case1?

	Company name
	Yes/No
	Remarks

	Nokia
	No SO field
	The SO field would contain a row of ’0’ for the Case1 so there is no benefit of including it given the pre-processing can still be performed as discussed below.

	Samsung
	No SO field
	If the RLC header indicates a complete RLC SDU, then SO field which is set to 0 can be omitted.

	NEC
	No SO field
	The SO filed is not needed in Case 1.  

	MediaTek
	Yes
	No need to include SO field if RLC PDU carries a complete RLC SDU.

	Intel
	No SO field
	RLC header does not include SO field in Case 1.

	LG
	No SO field
	

	ZTE
	No SO field
	If the reception side can know a PDU received is a complete RLC SDU (i.e case 2), then no SO field is need.

	KT
	No SO field
	No need to include SO field in Case 1.

	Ericsson
	No SO Field
	SO field can be omitted. 

	OPPO
	YES
	We think at least for a complete RLC SDU and first segmented SDU, of course, other indications should be added in this case (see previous question comments).

	Panasonic
	No SO Field
	The SO filed is not required in case 1 to reduce RLC header overhead.

	III
	
	

	ITRI
	No SO field
	It is reasonable from the header overhead of view.

	vivo
	No SO field
	We agree with ZTE.

	Fujitsu
	No SO field
	To reduce the overhead in case 1, there is no need to include SO field in RLC header. 

	CATT
	No SO field
	SO field is not included in Case 1 since the 2-bit field indicates the SDU is not segmented.

	Huawei, HiSilicon
	No SO field
	SO field is not included if an RLC PDU carries a complete RLC SDU.

	Lenovo
	No SO field
	No need to have an SO field for case1. 

	Qualcomm
	No
	SO field is not needed if RLC PDU carries a complete RLC SDU. The header overhead is incremented per IP packet and most RLC PDUs shall carry complete SDU given the high data rate supported by NR. It is better to save the SO overhead for most PDUs.

	Sequans
	No SO field
	

	NTT DOCOMO
	No SO field 
	There is no motivation


The next is Case2 where the beginning part of an RLC SDU is segmented. For this case, at least RLC header should indicate that the segmentation is performed. On top of that, we foresaw 2 options from the contributions. 
- Option1: SO field is included
- Option2: SO field is not included
In Option1, as proposed in [6][10], when segmentation is performed, SO field should be always included (regardless of which part of RLC SDU is segmented). This option can reduce the patterns which RLC needs to distinguish (i.e., no difference between Case2, Case3 and 4 from PDU format perspective) and has drawback that SO field (which should be always “0”) should be included even in Case2. Furthermore, transmitter side of RLC needs to re-construct RLC header to insert SO field if the pre-processed RLC PDU is to be segmented as the result of LCP. 
In Option2, as proposed in [3][5][7], as FI field in LTE today, RLC header indicates the first octet of the data field in RLC PDU corresponds to the first octet of RLC SDU. This option can avoid the additional overhead due to SO field and re-construction of RLC header to insert SO field. On the other hand, it has drawback of increased number of patterns which RLC needs to handle. 
Q3c: Which Option is preferred for Case2, Option1 or Option2?

	Company name
	Option1 / 2
	Remarks

	Nokia
	Option 2
	As for Case1, SO field would contain a row of ‘0’ so no need to include it. Option 2 provides clear advantages in terms of pre-processing as no RLC header size need to be changed on the fly.

We don’t see Option 2 requires more patterns for RLC to support, there is equivalent handling for Case1&Case2 and Case3&Case4, so equal to Option 1.

	Samsung
	Option 2
	If the RLC header indicates the beginning part, then SO field which is set to 0 can be omitted.

	NEC
	Option 2
	Same as the Case 1, SO field is not needed in the Case 2.

	MediaTek
	Option 2
	However, omitting the SO implies that a 2 bit field for segmentation information is needed. Otherwise it will be harder for the UE will not be able to distinguish between case 1 and case 2. 

	Intel
	Option 2
	Option 2 saves header overhead, and is friendly for transmitter side preprocessing of RLC PDUs. Note that there is no increase of the number of patterns RLC needs to handle, as only two PDU formats are needed for both Option 1 and 2.

	LG
	Option2
	Option 2 avoids redundant SO field in case SO=0.

	ZTE
	Option 2
	If the reception side can know a PDU segment received is a case-2 segment, then no SO field is need.

	KT
	Option 2
	Same as the Case 1

	Ericsson
	Option 2
	Related to previous question and thus can be omitted. 

I.e if the first octet of the RLC PDU is not the first octet of the RLC SDU the SO field is present in the header.

	OPPO
	Option 2
	FI in this case could indicate the first segmented SDU, otherwise all zero SO is included which is wasteful.

	Panasonic
	Option 2
	In the beginning SO filed is always set to 0. Therefore no need to mention it.

	III
	Option 2
	SO field is not needed

	ITRI
	Option 2
	We share the same view with Nokia.

	vivo
	Option 2
	Same as the case 1, SO=0 is not needed.

	Fujitsu
	Option 2
	In case 2, the segment offset is always “0”. From the perspective of less overhead, we prefer option 2, i.e. no SO field for case 2. In option 2, a bit to indicates whether RLC PDU carries a complete RLC SDU or RLC SDU segments in Q3a helps to distinguish case 1 and case 2.

Besides, when a pre-constructed RLC PDU needs to be segmented, there is no need to add SO field in the RLC header of the first segment. This accelerates the processing at transmitting side in option 2.

	CATT
	Option 2
	SO field is not included in Case 2 since the 2-bit field indicates the PDU carries the first segment of an SDU, hence SO is implicitly zero.

	Huawei, HiSilicon
	Option 2
	SO field can be saved if the first octet of the data field in RLC PDU corresponds to the first octet of RLC SDU.

	Lenovo
	Option2
	 Agree with others

	Qualcomm
	Option 2
	We agree with the analysis that Option 2 may help reduce SO addition processing time in case of tight timeline.

	Sequans
	Option 2
	Better than sending SO=0.

	NTT DOCOMO
	Option2
	It may help processing in the transmitter side


The last cases are Case3 and Case4 where the middle/end part of an RLC SDU is segmented. For this case, RLC header should indicate that the segmentation is performed. In addition to that, SO field should be included to inform receiving side of the position of the RLC SDU for reassembly. 
Q3d: RLC header includes SO field in Case3 and Case4?

	Company name
	Yes/No
	Remarks

	Nokia
	Yes
	

	Samsung
	Yes
	Without SO field in case 3 and case 4, reassembly cannot be performed correctly since there is no information on position of the segment.

	NEC
	Yes
	Same reasoning as Samsung, while how to do it can be discussed further.

	MediaTek
	Yes
	

	Intel
	Yes
	

	LG
	Yes
	

	ZTE
	Yes
	For the case 3 and case 4, the SO field is essential for reassembling.

	KT
	Yes
	

	Ericsson
	Yes
	SO field is needed for reassembly of the segmented RLC SDU.

	OPPO
	Yes
	Same views considering the reassembling.

	Panasonic
	Yes
	Same understanding as Samsung, without SO filed reassemble of RLC SDU cannot be performed.

	III
	Yes
	

	ITRI
	Yes
	

	vivo
	yes
	From the point of reassembling, the SO field is necessary.

	Fujitsu
	Yes
	It’s clear that SO field is needed for correct reassembly at the receiving side in case 3 and case 4.

	CATT
	Yes
	SO field is included in Cases 3 and 4 since the 2-bit field indicates the PDU carries a middle and last segment of an SDU respectively, hence SO needs to be explicitly signalled.

	Huawei, HiSilicon
	Yes
	SO field is needed if the first octet of the data field in RLC PDU is not the first octet of RLC SDU

	Lenovo
	Yes
	SO field is needed for reassembly

	Qualcomm
	Yes
	SO should be included for all segments (first one may be omitted) so that resegmentation can be handled.

	Sequans
	Yes
	

	NTT DOCOMO
	Yes
	


In [3][5][6][10], it is stated that Case4 should be identified (i.e., Case3 and 4 should be distinguished) such that the receiving side can be aware of the all the RLC SDU segments are received or not.
Q3e: RLC header indicates whether the RLC PDU contains the end part of RLC SDU segment or not in Case3 and 4?
	Company name
	Yes/No
	Remarks

	Nokia
	Yes
	See answer to Q3a.

	Samsung
	Yes
	SO field does not tell whether the segment is the last segment or not. If there is no indication of end part, then RX side does not decide whether it successfully receives all the segments of the RLC SDU or not.

	NEC
	Yes
	As answered in Q3a, one more potential question may be on the need of indication for “middle segment” in the Case 3.

	MediaTek
	Yes
	Agree with Nokia.

	Intel
	Yes
	This is needed so RLC receiver can perform reassembly and deliver to upper layer.

	LG
	Yes
	

	ZTE
	Yes
	Without the indicator, it will be difficult for the reception side to understand whether this is the last segment or not.

	KT
	Yes
	Same view with other companies

	Ericsson
	Yes
	See response to Q3a.

	OPPO
	Yes
	We think the FI could be applied here, i.e., FI=10.

	Panasonic
	Yes
	Same like LTE, we require LSF filed which indicates last segment or not. Thus we can simplify the design of receiver side.

	III
	Yes
	

	ITRI
	Yes
	The indication is needed for receiver side to know whether all RLC SDU segments from the same RLC SDU are received or not.

	vivo
	yes
	From the point of reassembling, the end indication is necessary.

	Fujitsu
	Yes
	This kind of filed, e.g. LSF, is needed to distinguish case3 and case 4. 

	CATT
	Yes
	The end part of a segmented RLC SDU will need a special marker because of the diverse SDU size. Hence there needs different header values to distinguish between case 3 and case 4. As discussed above, this is taken care of by the 2-bit field identifying the 4 cases of Figure 1.

	Huawei, HiSilicon
	Yes
	RLC header provides information if the RLC PDU ends with the end of an RLC SDU.

	Lenovo
	Yes
	Agree with Samsung and others

	Qualcomm
	Yes
	An indication is necessary to identify the last segment of the SDU in SO based solution.

	Sequans
	Yes
	

	NTT DOCOMO
	Yes
	


3. Summary and Conclusion
In this email discussion, 22 companies provided their views on the discussion points which the rapporteur provided:

Disc point1) Configurability of RLC segmentation for RLC-AM and UM 
Disc point2) Association of RLC SDU and RLC SN
Disc point3) Indication for segmentation
 Following are the summery of the discussion:
Disc point1) Configurability of RLC segmentation for RLC-AM and UM
For this point, the companies were asked whether the disabling segmentation function should be allowed for RLC-AM and/or RLC-AM. The majority (around 14) companies thought that segmentation is be needed to avoid the deadlock situation where transmitter side cannot transmits RLC SDU due to the mismatch between TBS and RLC SDU size, and wasting  radio resources due to padding. 
Observation1a: Majority companies (around 14 companies) think that segmentation is needed to avoid the deadlock situation and resource wastes for RLC-AM and RLC-UM.
On the other hand, several companies (Nokia, NEC, Intel, Qualcomm, OPPO, III and ITRI) were open to discuss for some scenarios, e.g., very high bit rate scenario (the padding ratio is relatively small) and very low latency (URLLC) scenario where skipping segmentation may relax the processing requirement while other companies were not convinced. Thus the necessity should be discussed further. 
Observation1b: Several companies (7 companies) see the benefit on relaxing processing requirement to skip segmentation in some scenarios (e.g., high bit rate scenario and very low latency scenario) also for RLC-AM and RLC-UM and this can be discussed further. 
Even while some companies see some benefit to disable segmentation in some cases, the rapporteur understood that segmentation is needed anyway to avoid deadlock and resource waste and would like to consider that segmentation is always enabled for RLC-AM and RLC-UM as a baseline and continue the discussion further. 
Disc point2) Association of RLC SDU and RLC SN

For this point, the companies were asked 2 questions on association of RLC SDU and RLC SN. On the first question that an RLC SDU can be associated with only one RLC SN or more than one, all the companies agreed that only one RLC SN would be associated due to the natural consequence of no RLC concatenation and SO-based segmentation. 
Observation2a: All the companies agreed that an RLC SDU can be associated with only one RLC SN.
Also, the related question which the rapporteur provided was whether the segmentation is based on RLC SDU or PDU based. For this question, several companies (Nokia, NEC, MediaTek, III and Sequans) asked what the actual difference would be between SDU based and PDU based since at most one RLC SDU can be contained in an RLC PDU due to no RLC concatenation. On the other hand, other companies (Samsung, NEC, Intel, LGE, KT, Ericsson, Panasonic, ITRI, vivo, CATT, Huawei, Hi-Silicon) thought that segmentation should be based on SDU since (as addressed in Q2a) an RLC SDU can be associated with only one RLC SN, and Samsung, Ericsson and Lenovo pointed out that SO field indicates the byte position of the RLC SDU in both segmentation and re-segmentation. 
Observation2b: Majority companies (16 companies) thought that segmentation is based on RLC SDU and SO field indicates the byte position of the RLC SDU in both segmentation and re-segmentation.
The rapporteur understood that if we aim to support SO-based segmentation for both segmentation and re-segmentation, SO field in general indicates the byte position of the RLC SDU which means segmentation (including re-segmentation) is based on RLC SDU. 
Disc point3) Indication for segmentation

For this point, the rapporteur provided several questions on what information should be provided by RLC header for 4 cases (Case1 where there is no segmentation and Case2-4 where beginning/middle/end of RLC SDU is segmented). Based on the input from companies, the rapporteur understood that in high-level, almost all the companies have the same views on the questions from the rapporteur while one company (III) did not provide the answer to Q3b. 
Observatoin3: Followings are agreeable for high-level principle of RLC header design:
- RLC header indicates if RLC PDU carries a complete RLC SDU or RLC SDU segments.
- RLC header does not include SO field if RLC PDU carries a complete RLC SDU, i.e., in Case1
- RLC header does not include SO field when the beginning of the RLC SDU is segmented, i.e., in Case2.
- RLC header includes SO field when the middle/end of the RLC SDU is segmented, i.e., in Case3 and 4.
- RLC header indicates whether the RLC PDU contains the end part of RLC SDU segment or not when the middle/end of the RLC SDU is segmented, i.e., in Case3 and 4.

Moreover, several companies (Nokia, MediaTek, Intel, ZTE, Ericsson, III and CATT) stepped into the details of the field, i.e., 2 bits of FI field (as for LTE) can be employed. However, since the rapporteur would like to agree first the high-level principle and tends to consider to discuss such details in the later discussion on actual RLC PDU format design. 
Based on the above observations, followings are proposed and recommended by the rapporteur:

Proposals:

Proposal1: As a baseline, segmentation is not disabled for RLC-AM and RLC-UM.
Proposal2: An RLC SDU can be associated with only one RLC SN, i.e., the byte segments from an RLC SDU can be associated with the same RLC SN.
Proposal3: Segmentation and re-segmentation is based on RLC SDU, i.e., SO field indicates byte position of the RLC SDU.
Proposal4: RLC header is to be designed in following principles:
- RLC header indicates if RLC PDU carries a complete RLC SDU or RLC SDU segments.

- RLC header does not include SO field if RLC PDU carries a complete RLC SDU.
- RLC header does not include SO field when the beginning of the RLC SDU is segmented.

- RLC header includes SO field when the middle or end of the RLC SDU is segmented.

- RLC header indicates whether the RLC PDU contains the end part of RLC SDU segment or not when the middle or end of the RLC SDU is segmented.

Recommendation:
Recommandation1: Discuss further the necessity to skip segmentation for some cases (e.g., high bit rate scenario and very low latency scenario).
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