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1.	Introduction
This document is the summary of the following e-mail discussion:
[98#39][NR/UP] – RLC UM – Qualcomm 						
-	Discuss/understand solutions and complexity of solutions 
-	Company’s preferences on the solutions 
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2017-06-08

The following agreements regarding NR RLC UM have been made in RAN2#98 [1].

Agreements:
=>	Duplicate detection in RLC UM is not necessary 

The following options of RLC UM solutions have been discussed in RAN2#98 [1].

1. SN is included in every PDU 
a.  Option 1-1 with LTE window only mechanism
b.  Option 1-2 with window and timer 

2. SN is included only in SDU segments 
a.  Option 2-1 with window mechanism 
b.  Option 2-2 with one T-reassembly timer
c.  Option 2-3 with multiple T-reassembly timer
2.	Discussions
2.1 	RLC UM SN 

In NR, it was agreed that duplicate detection and in-order delivery to PDCP in RLC UM are not necessary. Therefore, the SN is useful in RLC UM for segment reassembly. While it is possible to reuse LTE design as proposed in [2-3], several companies proposed to limit the SN use for RLC UM to RLC SDU segments [4-10]. The advantage of including SN only in SDU segments is the potential header overhead reduction. 

In order to understand the advantage of limiting the SN use to SDU segments, it is essential to understand the range of potential header savings if SN is only included in SDU segments.

In RAN2#97bis, we had the following agreements:
· 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.
· 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. 
· FFS if NR RLC UMD SDU should not include SN field and only NR RLC UMD SDU segment should carry SN field

In the case SN is only included in SDU segments, if FI-like fieldis included in all UMD PDUs, all SDUs that do not carry a SO field should include at least FI-like field. On the other hand, if not all UMD PDUs include FI-like field, the header of non-segmented SDU may be omitted, e.g. [10], but other means of indicating whether SO is included may be needed.

Question 1: Do companies think FI-like field should be included in RLC UM header in all cases for solutions in which SN is included only in SDU segments to differentiate complete RLC SDU, the first SDU segment, the middle SDU segment, and the last SDU segment?
	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	

	LG
	Yes
	FI-like field should be included in RLC UM header.

	Nokia
	Yes
	The segmentation indication should be included to indicate the presence of SN (not present if a complete SDU) and SO field (not present if a complete SDU or the first segment)

	vivo
	Yes
	

	OPPO
	Yes
	FI should be always present and with 2 bits to indicate the different cases.

	Intel
	Yes
	

	CATT
	Yes
	

	NEC
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	FI field should always be included in all RLC UM packets, whether segmented or not. We do not think it is important to optimize this aspect at this point.

	Lenovo
	Yes
	

	Panasonic
	Yes
	

	Qualcomm
	Yes
	

	Ericsson
	Yes
	FI-like field should be used to differentiate between full SDUs and segmented SDUs (and the first/middle/last segment). If no FI-like field would be used the receiver would not understand the meaning of the following bits, i.e., the receiver could not differentiate between segmented and non-segmented SDU. 

	Samsung
	Yes
	

	ITRI
	Yes
	

	Sequans
	Yes
	

	NTT DOCOMO
	Yes
	



To save header overhead, the solution including SN only in SDU segment must be able to reduce header sizeby at least 1 byte. In LTE, the RLC UM SN is 10 bits and the minimum header size without SO, which is applicable for the first segment and the complete PDU, is 2 bytes. In NR, if the RLC SN is aligned with PDCP SN, the size of header may be larger, e.g. 3 bytes using 18 bits SN. To ensure overhead saving, it seems that the header size when SO is not included should be smaller than 2 bytes for the solution including SN only in SDU segment.

Question 2: What is the expected RLC UM header size for an unsegmented SDU if SN is included only in SDU segment? Is 1 byte enough?
	Company name
	Yes/No
	Comments

	Xiaomi
	
	We don't think the motivation of not including SN in complete SDU is to reduce overhead, but rather that it is redundant. So it is not linked to how we design the header size.

	LG
	Yes
	1 byte is enough for an unsegmented SDU because only FI-like field is needed.

	Nokia
	Yes
	Only segmentation indication is needed

	vivo
	Yes
	

	OPPO
	Yes
	FI only

	Intel
	Yes
	Omitting SN for unsegmented RLC SDU is only acceptable to us if there are no impact for transmitter pre-processing and receiver complexity (no additional PDU formats). From this perspective, 1 byte RLC UM header are used for following cases: the header for unsegmented SDU contains FI field, while the header for the 1st SDU segment contains FI field and 6 bit SN field.

	CATT
	Yes
	One byte [4]

	NEC
	Yes
	Only FI-like field is to be included

	ZTE
	Yes
	Only the FI-like field is needed for the unsegmented SDU.

	MediaTek
	Yes
	Since we agreed to use byte-aligned headers, 1 byte is the minimum that can be used, and seems sufficient for unsegmented case.

	Lenovo
	Yes
	Agree with other companies that only FI-like field is necessary

	Panasonic
	Yes
	

	Qualcomm
	Yes
	In this case, the header only contains FI field

	
	
	We agree with Intel that we would prefer the same header size for all RLC SDUs.

If there SN only for segmented SDUs and 6 bits are deemed sufficient, 1 byte should be enough depending on if the header size is to be the same for complete SDUs and SDU segments. The header should include at least FI field (see Question 1).

	Samsung
	Yes/No
	The minimum would be 1 byte.

	ITRI
	Yes
	

	Sequans
	Yes
	FI only would be needed

	NTT DOCOMO
	Yes
	



Question 3-1: If SN is included only in SDU segment, is 6 bits SN size sufficiently large?
	Company name
	Yes/No
	Comments

	Nokia
	TBD
	Smaller SN space is needed if SN only for segmented SDUs, but the SN size should be decided based on data rate and assumption of one SN per TB assuming the last one needs to be segmented

	vivo
	Yes/No
	This depends on the data rate to be supported for UM. Given that LTE supports both 5bits and 10bits SN.

	OPPO
	Yes
	6 bits should be ok, but agree to further study

	Intel
	Yes
	See answer for Q2. The header size should be also 1 byte to avoid the impact on transmitter pre-processing and receiver complexity. 

	CATT
	Yes
	6 bits result, in the worst-case scenario (all SDUs segmented across 2 TTIs), in an SN wrap-around within 128 TTIs [4] which is way sufficient to cover all HARQ re-transmissions.

	NEC
	TBD
	Agree with Nokia. If necessary, 6 bits can be a working assumption.

	ZTE
	TBD
	It depends on number of aggregated carries we intent to support. For example, if we want to support 32 carries CA, then the 6 bits is not enough.

	MediaTek
	TBD
	SN size is a function of data rate and RTT. Since we have asynchronous HARQ in both UL and DL, this topic requires more consideration.

	Lenovo
	Yes/no
	We agree with Intel that from preprocessing perspective it would be desirable that first segment and the unsegmented SDU have the same header size. However SN size is usually determined based on other criteria such as data rate etc. 

	Panasonic
	Yes/No
	Size of SN is based on data rate.

	LG
	Yes/No
	SN size for RLC UM may be larger than 6bits.

	Qualcomm
	No
	The SN should not be reused during the time a segment is waiting for reassembly. We think within 1 TTI, the worst case is 2 segments per TB, but we need to consider parallel TB building for CA case. Considering CA and short TTI duration + processing and scheduling delay, it is likely 6 bits is not enough. 

	Ericsson
	No
	Short SN of 6 bits is not enough. We need to design for the worst case scenario, where a number of subsequent SDUs are segmented. In such scenario only 64 (segmented) SDUs could be sent before the 6-bit SN wraps around, resulting in discarded SDUs and possibly HFN desynchronization. Given that NR will support very high data rates the SN space should be larger compared to LTE. If there is no specific reason we should use either 12-bit or 18-bit SN range as agreed for PDCP. 

	Samsung
	Yes/No
	Given that we need to consider multiple TBs in the case of MIMO or CA, 6 bit SN size may not be enough because the segment may happen in the front and end of each TB. Furthermore, UE may have multiple UL grants in NR, which can cause quite many SN allocation for the segments.

	ITRI
	TBD
	In the worst case the SN is increased by 1 per TB transmission. Whether 6 bits SN is enough depends on number of aggregated carries we intent to support and the delay caused by HARQ retransmission.

	Sequans
	No
	Short SN of 6 bits would limit RLC UM usage. 
It corresponds to max 32 on-going segments (half of the SN space).
Such segments may happen at each TTI.
In such scenario this limits HARQ retransmissions to occur within 32 TTIs.

	NTT DOCOMO
	TBD
	We think that the required SN space depends on the receiving operation since the SN space needs to be long enough to avoid the miss-combine of SDU segment. 



Question 3-2: If SN is included only in SDU segment, do companies agree the RLC UM header of the first segment contains only FI-like field and SN?
	Company name
	Yes/No
	Comments

	Nokia
	Yes
	

	vivo
	Yes
	

	OPPO
	Yes
	2 bits FI, 6 bits SN as baseline

	Intel
	Yes
	

	CATT
	Yes
	

	NEC
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	

	Lenovo
	Yes
	

	Panasonic
	Yes
	

	LG
	Yes
	

	Qualcomm
	Yes
	

	Ericsson
	Yes
	

	Samsung
	Yes/No
	It depends on the SN size. R fields may be needed.

	ITRI
	Yes
	

	Sequans
	Yes
	

	NTT DOCOMO
	Yes
	



Question 3-3: What is the expected RLC UM header size for the first segment if SN is included only in SDU segment? Is 1 byte enough?
	Company name
	Yes/No
	Comments

	Xiaomi
	
	Please see our previous comment

	LG
	Yes/No
	It depends on the SN size. RLC UM header size for the first segmentmay be larger than 1 byte if the SN size is larger than 6bits.

	Nokia
	TBD
	Only segmentation indication and SN. The SN size should be decided based on data rate and assumption of one SN per TB assuming the last one needs to be segmented

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]vivo
	Yes/No
	See our answers for Question 3-1.

	OPPO
	Yes
	SN size depends on the number of SDU which needs to be segmented and data rate, for per TB it is related to the number of logical channels if assuming the last one needed to be segmented.

	Intel
	Yes
	See answer for Q2. The header size should be also 1 byte to avoid the impact on transmitter pre-processing and receiver complexity.

	CATT
	Yes
	One byte [4]

	NEC
	Yes/No
	Can be discussed after the SN size is fixed.

	ZTE
	TBD
	It depends on the size of SN.

	MediaTek
	TBD
	Agree with earlier comments that the header size depends on SN size.

	Lenovo
	Yes/No
	See Q3-1

	Panasonic
	Yes/No
	Agree with LG that it depends on the SN size.

	Qualcomm
	No
	As explained in Question 3-1, we think 1 byte is not enough if we have 2 bits FI + > 6 bits SN.

	Ericsson
	No
	We have already agreed that no SO-field is included in the first segment. FI-like field is included and if additionally a 12-bit SN is used then 2 bytes header is enough. If 18-bit SN is used 3 bytes header is enough. 

See also Question 3-1. 

	Samsung 
	Yes/No
	It depends on the SN size. R fields may be needed.

	ITRI
	TBD
	It depends on the SN size.

	Sequans
	No
	Because of 3-1, not enough.

	NTT DOCOMO
	TBD
	Depends on SN length.



Some companies raised concerns about complexity and preprocessing regarding only including SN in SDU segments during the discussion.For the sake of preprocessing, several companies mentioned the first segment and the unsegmented SDU should have the same header sizes.

Question 4:Do companies agree the first segment and the unsegmented SDU should have the same header sizes for the ease of preprocessing?
	Company name
	Yes/No
	Comments

	Xiaomi
	No
	Since complete SDU and middle/last SDU segment will have different header size due to the non-existence /existence of SO field, which already have impact on preprocessing, it is very weak to argue that keeping complete SDU and the first SDU segment the same size will have noticeable preprocessing gain.

	LG
	Yes/No
	It depends on the SN size.

	Nokia
	No
	It would be good to be kept within 1 byte, but it should not be a strict requirement in case longer SN is needed as commented in the previous question.

	vivo
	No
	If the first segment is required, the RLC of the UE is anyway required to segment a RLC PDU which has been multiplexed ina MAC PDU due to pre-processing. Not sure if there is any gain to align the header size between the first segment and the unsegmented SDU.

	OPPO
	Yes
	We should aim to align the size for these two cases to avoid lots of header formats

	Intel
	Yes
	Having same size avoids the transmitter to shuffle memory when segmentation is needed. This is similar to RLC AM where the first segment and unsegmented SDU have the same header size.

	CATT
	Yes
	Keeping both headers with same size keeps the principles used so far to minimize the impact of RLC SDU segmentation on RLC PDU pre-processing. 

	NEC
	Yes/No
	This depends on the SN size, but the size should not be decided by prioritizing the ease of pre-processing.

	ZTE
	No
	It depends on the SN size and we do not see a strong motivation to have the same header size.

	MediaTek
	No
	Since we expect that segmentation will be relatively infrequent (at most 2 times per TB), it is not clear that there is much benefit in keeping the header size of segmented and unsegmented RLC PDUs the same. Since we anyways have to perform some real-time header processing in the case of segmentation (e.g., to add SO field), we don’t see that having common header size simplifies processing by much. On the contrary, since we have two formats with different fields, it would be more flexible to not couple the header sizes for the two formats.

	Lenovo
	Yes/No
	See Q3-1

	Panasonic
	Yes/No
	It depends on the SN size.

	Qualcomm
	No
	It would be nice to have the same header size for first segment and unsegmented SDU. However this would be an implementation issue and should not be a requirement.

	Ericsson
	Yes
	Including SN in all PDUs would result in the first segment and unsegmented SDU having the same size if we, for example, assume 18 bits SN and FI-like field in every PDU header (3 bytes headers in total). 

If SN is not included in all PDUs then depending on length of SN field the first segment and unsegmented SDU result in different length headers: First segment should include at least SN + FI while in the unsegmented case we would have only FI. Otherwise, padding or reserved bits can be used but that would partly negate the achieved overhead reduction.  We do not prefer having many additional header options for RLC UM. 

	Samsung
	Yes
	It would be beneficial.

	ITRI
	No
	Agree with Nokia and QC

	Sequans
	Yes
	It was an argument in RLC AM design that the segmentation of the last SDU could be done quickly without shuffling memory.
It is also applicable here; it would ease implementation and enable quick segmentation.

	NTT DOCOMO
	Yes/No
	The discussion should focus on the information needed in each case and the size would be its consequence.



2.2	UM operation

Another aspect to discuss in this email discussion is the options for missing segment detection and segment discarding. 

In LTE RLC UM, missing segment is discarded based on two triggers:
· Trigger 1: when the SN of segments falls out of the lower edge of receive window
In LTE, a receive window is defined by the state variable VR(UH) which describes the upper edge of the window and the UM_Window_Size. A SN falls within the receive window if (VR(UH) – UM_Window_Size) <= SN < VR(UH). The window operates in a “pull-based” manner, i.e. the state variable VR(UH) is updated when a RLC PDU outside of the window is received. When the state variable VR(UH) is updated, if a SN falls out of lower edge of the window due to the update, the segments associated with this SN are discarded.

· Trigger 2: when t-Reordering timer expires
In LTE, the t-Reordering timer is associated with a state variable VR(UX) which holds the value of the SN following the SN of the UMD PDU which triggered t-Reordering. At most 1 t-Reordering timer is running at a given time. When the t-Reordering expires, all segments within the window before VR(UX) can be discarded. If there is one or more holes after VR(UX) in the window after an expiry, the t-Reordering is restarted and VR(UX) is updated to VR(UH), i.e. the upper edge of the receive window. The timer is stopped when all SDUs with SNs before VR(UX) within the receive window are reassembled or if VR(UX) falls out of the window.

It seems that companies have different views and preferences for cases when SN is included in all PDUs and for cases when SN is included only in SDU segments. Therefore, in the following we discuss the two cases separately.

2.2.1	Options when SN is included in every PDU

If SN is included in all PDUs including segmented and non segmented SDUs, two sub-options were identified in RAN2#98 discussion:

· Option 1-1 with LTE window only mechanism
In LTE, the t-Reordering timer design serves several purposes including segment discard and ensure in-order delivery when gap is present. In NR, since out of order delivery from RLC to PDCP is assumed, the only purpose of the t-reordering timer is discarding segments that cannot be reassembled. Companies advocating option 1-1 indicate that Trigger 2 is no longer needed in NR and trigger 1 alone is sufficientand may reduce complexity [13-17].

· Option 1-2 with window and timer
LTE UM-like mechanism using both trigger 1 and trigger 2 may be reused as proposed in [2][3][11][12].In [2][11][12], the t-Reordering timer is renamed as t-Reassembly or t-Receiver timer for the purpose of usage clarification, but it is assumed the t-Reassembly timer operates in similar way as t-Reordering in LTE. In this option, the t-Reordering like timer is used to detect reassembly failure of a SN before the receive window moves beyond the SN and therefore reduce the chance of mixing segments from different SDU using the same SN [11] and allow duplicate detection within the window for lower chance for HFN desync [2].

Question 5: In the case when SN is included in all PDUs, do companies agree at least the LTE window based segment discard (trigger 1) can be reused?
	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	We don't see the reason to differentiate the cases whether SN is always included or not. From our perspective, for both the cases the argument is the same, that is, the window based solution is simpler, the timer based solution has  SN wrap-around problem and require to maintain many timers which may consume too much computing resources. 


	LG
	No
	The most critical defect is that the window can be stuck without timer. This problem becomes severe at the end of data transmission where the window is no more advanced. This is because RLC entity does not know how long it should wait for the missing SDU segment. Especially, this problem becomes even worse for delay sensitive data transmission because the RLC entity would wait for the missing SDU segment forever.

	Nokia
	Yes
	We do not see any issue with keeping un-reassembled data in the buffer, discard it sooner would not help for delay sensitive data since it cannot be reassembled.

	vivo
	No
	Same understanding as LG.

	OPPO
	Yes
	We don't see any issue, for UM “PULL” window

	Intel
	Yes
	The only purpose of window and/or timer is to avoid the wrong reassembly of the segments. If a RLC SDU cannot be reassembled, it cannot be delivered from RLC to PDCP, no matter whether window or timer is used for segment discard. Therefore there is no difference from the delay perspective. 

	CATT
	No
	It’s cleaner if incomplete SDU segments end-up being discarded after some time out.

	NEC
	Yes
	Answering to the question properly (i.e. considering the meaning of “at least”), we think discarding based on window only could work well in most cases (e.g. successful transmissions). But we also understand the question does not yet preclude the usage of the timer additionally, which we consider useful.

	ZTE
	Yes
	For the issue of last PDU, since only the complete SDU need to be provided to upper layer, the late discard of the SDU segment, which can not be assembled, will not cause any problem (i.e. The stuck of window is acceptable and transparent to upper layers). 

	MediaTek
	Yes
	

	Lenovo 
	Yes
	Agree with comments by Nokia and Intel

	Panasonic
	Yes
	Agree with Nokia.

	Qualcomm
	Yes
	Trigger 1 can be reused but we think trigger 2 should also be kept since this is just to reuse LTE.

	Ericsson
	No 
	Same understanding as LG and vivo: Window-based operation alone can lead to situation where “old” and “new” SDUs can be mixed if there has been a long gap e.g. due to a deep fade situation. This might not be the most common case but is a possible outcome in some scenarios (e.g. temporary deep fade when using high frequencies). 

	Samsung
	Yes
	The LTE window based solution without a timer will work fine. The problem that the window gets stuck doesn’t happen in the pulling window operation.

	ITRI
	Yes
	Agree with Nokia and Samsung

	Sequans
	No
	We think we need both triggers.
Trigger 1 can be reused in this case, but we are not sure it is enough as explained by Ericsson.
Also, additional rationale to keep Trigger 2 is explained in the question below.

	NTT DOCOMO
	Yes
	Window based can be utilized.



Question 6: In the case when SN is included in all PDUs, do companies agree the t-Reordering-like timer segment discard trigger (trigger 2) is useful to prevent segments to stay in the receive buffer too long and reduce the chance of mixing segments from different SDU?
	Company name
	Yes/No
	Comments

	Xiaomi
	No
	The only case of window stuck is that there is no new SDU coming. In this case, it doesn't matter how long the segments stay in the buffer. For other cases, the maximum time the segments stay in buffer depend on the arriving rate of the SDU. We should notice that the driving force to have t-Reordering in LTE is to deliver complete SDU to upper layer within a acceptable delay, not to discard segment. There is no requirement to discard segment within certain delay.

	LG
	Yes
	The t-Reordering-like timer can prevent SDU segments from staying in the receiver buffer too long to be reassembled. Reducing the chance of mixing segments from different SDU is related to both t-Reordering and SN size.

	Nokia
	No
	We do not see the issue with HFN desync as long as the transmitter side does not create large SN gap which has been the requirement also for LTE PDCP.

	vivo
	Yes
	We should avoid some SDU segments stuck in RLC.

	OPPO
	No
	We don't see it’s an issue if the segments stay in the buffer too long.

	Intel
	No
	As analyzed in our contribution [15], the wrong reassembly can only happen when the following conditions are satisfied simultaneously:

· None of the segments with SNs from VR(UH) to VR(UH) – UM_Window_Size – 1 (after wrap around) are received, either due to SDU discard in the transmitter side, or due to the receiver side error (e.g. low channel quality).
· Another segment with SN of VR(UH) - UM_Window_Size (from a different SDU) is received.
Such probability will be really low. And even if it happens, the QoS is already greatly impacted, and therefore it does not matter much whether there is correct or wrong reassembly.

Therefore, we don’t think there is any clear benefit of supporting both window and timer based approaches for segment discarding.

In addition, we don’t see any issue if the segments stay in the buffer for too long. As analyzed in Q5, If a RLC SDU cannot be reassembled, it cannot be delivered from RLC to PDCP, no matter whether window or timer is used for segment discard. Eventually, when a RLC entity is released, all the segments in the buffer will be released.

	CATT
	Yes
	As mentioned above, we think it is a cleaner design.

	NEC
	Yes
	On top of the window based, the timer based discarding is also useful in some case, e.g. avoid waiting for missing SDU segment too long.

	ZTE
	No
	We only need to insure the in-time delivery of the assembled complete SDU,and it does not matter that how long the segment, which can not be assembled to a complete PDU, will be buffered before discard. 
Since the pull window will be used, and the window size is much smaller than the SN space, we don’t see the problem of mixing segments from different SDU

	MediaTek
	No 
	

	Lenovo
	No
	Agree with Intel’s comment

	Panasonic
	No
	We don’t see the issue if the segments remain in the window too long.

	Qualcomm
	Yes/No
	We think it is better to keep LTE design. If the SN size is large enough, the likelihood of mixing segments is lower, but there is still chance Rx misses many TBs if the channel is bad. Given UM has no status report it’s possible to mix segments with the same SN. However we are fine to leave this to implementation.

	Ericsson
	Yes
	A timer guarantees proper operation e.g. in temporal deep fade, high data rate situations where multiple PDUs could get lost and the SN might wrap-around when the upper window edge is not moved forward. The need for timer would also partly depend on the SN range which is used. 

The timer functionality should not be confused with in-order delivery functionality, instead it is purely for avoiding the receiver mixing up “old” and “new” PDUs in cases where the window has not been moved for a while.

	Samsung 
	No
	We have the same view with Intel.

	ITRI
	No
	Agree with Intel

	Sequans
	Yes
	That is one of the reasons to keep T-reordering. But not the main one.

We think for NR the T-reordering should be started when there is a gap in the RLC PDU sequence, which can be either a missing SN or a missing segment (not complete PDU).

In our view, the main rationale to keep T-reordering is that (see [3])
1- It enables to timely detect HARQ failures. T-reordering corresponds to the maximum time the NW will consider to send HARQ retransmissions. At expiry, RLC can deduce that the segment will never be reassembled, and increase VR(UR). 
2- It may be argued that PDCP T-reordering can mimic this but:
a. This would be only for SC. Not DC.
b. This is not exactly the same, as PDCP PDU discards at transmitter are no longer transparent and would cause reordering delay
c. This makes little sense to have a “HARQ reordering timer” in PDCP. It would not be aligned with RLC AM.
3- The HARQ detection failure with T-reordering will anyway be supported in RLC AM. So it will be nice to align RLC UM.

It summary we think we should keep HARQ failure detection in RLC UM because
- it can help to expedite reordering at PDCP. 
- it can make PDCP PDU discards at transmitter transparent to the receiver (as it is the case for LTE). 
- it would be aligned with RLC AM

	NTT DOCOMO
	SlightlyYes
	If the segments of RLC SDU are kept, some parts of UE L2 buffer are occupied unnecessary. In this case, RLC-AM bearer (which is configured with the RLC-UM bearer) needs more status report to release the data in L2 buffer. While Voice packet size is small, Video packet size would occupy the buffer largely. Thus, the timer based (on top of window) may be beneficial to limit the L2 buffer occupied.



Question 7: In the case when SN is included in all PDUs, do companies agree removing timer triggered segment discard reduce complexity, e.g. saving computational and memory resources? 

	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	As we explained in our previous comments, timer is unnecessary.

	LG
	No
	We don’t see a big burden to use timer.

	Nokia
	Yes
	

	vivo
	No
	

	OPPO
	Yes
	

	Intel
	Yes
	

	CATT
	No
	

	NEC
	No
	We do not see a big issue in handling the timer for this case

	ZTE
	Yes
	Since the timer triggered segment discard can be removed without any extra operation, we think the complexity can be reduced.

	MediaTek
	Yes
	We don’t think that removing the timer functionality will result in significant reduction anyways.

	Panasonic
	Yes
	

	Qualcomm
	No
	In option 1-2 there is only one timer as in LTE, so if we remove this trigger the saving is relatively small. Multiple timers may be more costly but the LTE design is fine.

	Ericsson
	No
	Removing a timer would result in negligible performance increase.  

	Samsung
	Yes
	We don’t need a timer.

	ITRI
	Yes
	

	Sequans
	No
	- Timer complexity if very low
- It will be already there in RLC AM. In our view implementation is simpler if we keep RLC UM aligned with RLC AM for such functionalities as HARQ failure detection.
- There are drawbacks to remove it as explained in question 6.

	NTT DOCOMO
	Yes/No
	Would like to see vendors views. 




2.2.2	Options when SN is included only in SDU segments

Options

If SN is included only in SDU segments, there are three sub-options from RAN2#98 discussion:

· Option 2-1 with window mechanism
Similar to option 1-1, this option relies on receive window to trigger segment discard (Trigger 1) [13][17]. The window movement may be performed differently. The rapporteur’s understanding is the window movement is pull based and since SN is included only in SDU segments, the window may be moved only when a new segment with a SN falling outside of the window is received. However, other possibilities are not excluded. The advantage of this solution is it does not require maintaining any timer.

Question 8: In the case when SN is included only in SDU segments, do companies agree if a receive window is used, the receive window is pull based and moved only when a new segment with a SN falling outside of the window is received? If not, please indicate the alternatives.

	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	

	LG
	Yes
	

	Nokia 
	Yes
	

	vivo
	Yes
	

	OPPO
	Yes
	

	Intel
	Yes
	

	CATT
	Yes
	This would be the same mechanism as a regular PULL window without any re-ordering timer. However, without a timer at the receiver to discard the segments, some missing segments may be unnecessarily kept in the buffer way beyond the HARQ RTT, which is not so nice.

	NEC
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	With this mechanism, RLC segments can be forced to wait for an indefinite period of time for reassembly when most packets are not segmented.

	Lenovo 
	Yes
	

	Panasonic
	Yes
	

	Qualcomm
	Yes
	

	Ericsson
	Yes
	

	Samsung
	Yes
	

	ITRI
	Yes
	

	Sequans
	Yes
	

	NTT DOCOMO
	Yes
	



· Option 2-2 with one T-reassembly timer
Some companies propose to use a single t-reassembly timer [11][18]. In this option, one T-reassembly timer may be used to detect the reassembly failure of multiple gaps based on state variables similar to LTE (Option 1-2).The advantage of this solution is as the approach is similar to LTE, this option is easy to implement and does not require multiple timer’s computational and storage resources. It seems that this option also requires the receive window-like concept due to the state variables maintained.

Question 9: Do companies agree option 2-2 requires a receive window? 

	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	To solve the SN wrap-around problem

	LG
	Maybe
	The window may be needed to identify for which PDU the t-reassembly timer restarts after expiry. However, other mechanism may also be feasible.

	Nokia
	No
	Only some variables needed to detect the gap.

	vivo
	Maybe
	This depends on the solution details. A receiving window is one way.

	OPPO
	Yes
	One T-reassembly timer can not work without window

	Intel
	No
	First of all, we don’t think timer based option is necessary.

In case we consider timer based option, we think the timer is more like a discard timer (e.g. like PDCP discard timer).

For one timer based option, although one state variable should be maintained (e.g. like VR(UX) in LTE RLC), we don’t think a receiver window should be maintained.

	CATT
	No
	A much simpler mechanism than the legacy PULL window can be used.

	NEC
	Yes
	We assume the window would be used to avoid wrap around issue.

	ZTE
	Yes
	Option 2-2 is similar as what we have in LTE for UM RLC.

	MediaTek
	Yes
	We think that a mechanism different from LTE can be designed which does not depend on the receive window concept. 

	Lenovo
	No
	We think that state variable could be also maintained without a receiver window. 

	Panasonic
	Yes
	Window is required to avoid buffer overflow.

	Qualcomm
	Yes
	At least two state variables are required to solve the SN wrap-around issue: VR(UX) which is the SN triggered the t-reassembly timer, and another state variable determines the SN to start discarding from when t-reassembly expires. We consider this as the gap between the two a receive window.

	Ericsson
	Yes
	When some received SN triggers the timer, the receiver should store the SN (like in LTE in VR(UX)) in order to understand which possible received SNs are newer. Thus, state variables are maintained and some window-like operation is required.

	Samsung
	Yes
	However, if the window is used, we don’t need such a timer.

	ITRI
	Maybe
	A mechanism is needed to solve the SN wrap-around issue.

	Sequans
	Yes
	In our understanding there are several flavors of T-reassembly
- t-reordering like, started on gap [11]
- assembly timer like, started on segment reception [18]
So it is difficult to answer but as a baseline, we would think a this would work like “t-reordering timer” hence a window is needed (like in LTE).
Assembly timer option is different than what we have in LTE, would need further analysis.

	NTT DOCOMO
	Yes
	It may depend on how much segmented RLC SDU ara on the fly.



· Option 2-3 with multiple T-reassembly timers
Some companies propose to use multiple t-reassembly timers [19-21].There are several possibilities of this approach:
1. Start a t-reassembly timer for each segment
2. Start a t-reassembly timer for each SN with received segments 
3. Start a t-reassembly timer for each detected gap.
The advantage of this solution is the waiting time for segment reassembly before segments are discarded may be uniform compared to option 2-1 and 2-2. 

Question 10: In the case when SN is included only in SDU segments, which of the start conditions below should be used when multiple t-reassembly timers are used?
1. Start a t-reassembly timer for each segment
2. Start a t-reassembly timer for each SN with received segments 
3. Start a t-reassembly timer for each detected gap.

	Company name
	Option
	Comments

	Xiaomi
	opt.2
	It is the simplest and straightforward one, no reason to further optimize.

	LG
	2
	Compared to the option 1 and 3, option 2 is the simplest and easiest way because this does not require state variables and no other mechanism is required to detect a gap or missing RLC segments.

	Nokia 
	3
	But we do not see the need of multiple timers. 
1 and 2 are problematic as they require longer durations for the timer: the longer reassembly timer is set, the longer SN is needed to avoid that the transmitter is stalled due to the SN wrap around issue. While too short timer restricts the scheduler flexibility as the gNB needs to ensure HARQ of all the segments are taken into account.

	vivo
	2.
	

	OPPO
	3
	

	Intel
	Option 2
	First of all, we don’t think timer based option is necessary.

In case we consider multiple timer option, we think associating timer with SN is straightforward.

	CATT
	2
	Start condition #2 is the simplest complexity wise. It requires less timers than start condition #1. As for start condition #3 it is unclear how the discard mechanism works when a first segment is received but no other following segment from the same SN is further received. This should not be considered as a gap in principle. 

	NEC
	2
	

	ZTE
	2
	It is the simplest way.

	MediaTek
	2
	Options 1 and 3 seem to lead to some strange behavior. For example, if there are 3 RLC segments, timer will be started twice under Option 1. Also, when there is only one RLC segment in the Rx buffer, then since there is no gap, under Option 3, the timer will not be started. 

	Lenovo
	2
	It would be the simplest option. 

	Panasonic
	2
	

	Qualcomm
	3
	1 and 2 cause many timers to be started unnecessarily. Timer should be started only if there is a chance some segment is missing.

	Ericsson
	2
	The timer should be started for each received new segmented SDU, that is, for each new SN. Timer would then correspond to the total time receiver waits for the segments to reassemble an SDU. 


	Samsung 
	2/3
	Option 2 may be the simplest solution but it is not reasonable to trigger a t-reassembly timer even if the subsequent segments are not transmitted.

	ITRI
	3
	Agree with Samsung

	Sequans
	3
	Agree with QC. Also this is a known mechanism.

1 and 2 are actually different than what we have in LTE.
In LTE, the eNB scheduler might send a segment, and remaining part any time later. It would work fine. This can be useful when the traffic is delay tolerant. Which can also happen with RLC UM.
1 and 2 are changing that.
 

	NTT DOCOMO
	2
	



Waiting time and computational resources

From complexity point of view, the tradeoff between computational resources and waiting time of the three options can be considered:
· Computational resources: 
· In option 2-1, the resources needed are the resources to maintain window state variables. 
· In option 2-2, the resources needed are the resources to maintain a single timer and state variables similar to LTE. 
· In option 2-3, the resources needed are the resources to maintain timers for each segment or segmented SDU therefore is proportional to the number of segments.
· Waiting time: 
· In option 2-1, the time to discard may be unbounded if the window does not move. 
· In option 2-2, the time to discard is bounded in the case of multiple gaps, but may be longer due to the single timer principle, i.e. the LTE-like approach may need to wait for previous timer expires to start the reassembly timer for the current highest gap. 
· In option 2-3, the segments can be discarded as soon as its own timer expires.

Question 11: In the case when SN is included only in SDU segments, do companies agree it is required to keep all segments’ discard waiting time bounded? 

	Company name
	Yes/No
	Comments

	Xiaomi
	No
	There is no any sound motivation.

	LG
	Yes
	Waiting time should be bounded. If unbounded waiting time is allowed, waiting time can be very long or maybe forever. This seriously deteriorates RLC UM performance and is hard to control QoS of radio bearers. 

	Nokia
	No
	We cannot see anything about including SN only in segments that would pose such a requirement any more than including SN in every PDU.

	vivo
	Yes
	We share the same view as LG.

	OPPO
	Yes
	Waiting time should be bounded

	Intel
	No
	We don’t think this is an important criterion. The motivation of segment discard is to avoid wrong reassembly of segments.

	CATT
	Yes
	This is a cleaner design

	NEC
	Yes
	

	ZTE
	No
	We only need to insure the in-time delivery of the assembled complete SDU, and it does not matter that how long the segment will be buffered before discard. 

	MediaTek
	No
	It is important to have the ability to bound delay, but it is not clear that the RLC layer is the best place to achieve this. For example, PDCP could also discard the packets. We should avoid developing duplicate mechanisms in RLC and PDCP layers.

	Lenovo
	No 
	Agree with Nokia.

	Panasonic
	Yes
	Agree with LG.

	Qualcomm
	Yes
	Waiting time should be bounded to avoid mixing wrong segments at SN wraparound.  

	Ericsson
	Yes
	Unbounded waiting time leads to SN wrap-around problems when part of the segments are lost. 

	Samsung
	No
	We don’t see any benefit from the bound.

	ITRI
	No
	Agree with Nokia

	Sequans
	Yes and No
	Our answer is Yes assuming that the timer is only started when a missing part is detected, i.e. T-reordering like mechanism.

When a first segment is received, we do not think the time to wait remaining segments after receiving a first segment should be bounded (it is not the case in LTE, we do not see any reason to change that for NR).

The LTE window+T-reord timer should be the baseline as we know it works (and it could work for SN on segments only solution). But deviating from that needs to be carefully analyzed.

	NTT DOCOMO
	Yes
	To avoid the L2 buffer occupied much, it might be beneficial to limit the period. 



Question 12: In the case when SN is included only in SDU segments, do companies agree it is required to keep all segments’ discard waiting time uniform?

	Company name
	Yes/No
	Comments

	Xiaomi
	No
	Even if discarding timer is adopted, what really matters is the maximum time to wait for successfully reassembling a complete SDU from segments. If it fails, discard all the segments. Having each segment an independent timer makes no sense.

	LG
	Yes
	Uniform waiting time means that all reassembly time is predictable. At the Qos point of view, UE can give better QoS control for the radio bearer because the fixed period time for RLC reassembly is guaranteed. 

	Nokia
	No
	We cannot see anything about including SN only in segments that would pose such a requirement any more than including SN in every PDU.

	vivo
	Yes/No
	It seems LTE allows the waiting time for each RLC PDU to be different. 

	OPPO
	Yes
	Multiple timers will make uniform discarding time work, but it’s not a requirement.

	Intel
	No
	Similar to Q11, we don’t think this is an important criterion.

	CATT
	No 
	We don’t see this as a strong requirement.

	NEC
	Yes/No
	This may not be necessarily the requirement but good to assume/operate like this

	ZTE
	No
	It does not matter that how long the segment, which can not be assembled to a complete PDU, will be buffered before discard. 

	MediaTek
	No
	This seems like an unnecessarily strong requirement. For example, if the delays are low and non-uniform, it should not be a problem.


	Lenovo
	No
	Don’t see the relation to a PDU format where SN is included only in SDU segments. 

	Qualcomm
	No
	Uniform discarding time is not useful. It is fine to keep unassembled segments to in the buffer as long as they are not wrongly mixed with others. The only requirement is to discard the segments before SN wraparound

	Ericsson
	No
	We do not see this required similar to QC

	Samsung
	Yes/No
	It depends on the start condition of a timer.

	ITRI
	No
	Agree with QC

	Sequans
	No
	Agree with QC

	NTT DOCOMO
	Yes/No
	Not sure of the intention of the question. 




Impact to SN size

The design of segment discarding may have potential impact to the SN size which is tightly related to the motivation of including SN only in SDU segments.

When using a receive window, the receive window should be large enough so that the segment has sufficient time to stay in the buffer waiting for reassembly. The expected window size depends on the rate the receive window is moved and the maximum number of segments carrying new SN expected in a time unit. 

Question 13: In the case when SN is included only in SDU segments and a receive window is used, what is the expected SN size? Is 6 bits enough?

	Company name
	Yes/No
	Comments

	Xiaomi
	Not linked to the header size
	See our comments in Question 2

	LG
	Yes/No
	It depends on the SN size. RLC UM header size for the first segmentmay be larger than 1 byte if the SN size is larger than 6bits.

	Nokia
	TBD
	Smaller SN space is needed if SN only for segmented SDUs, but the SN size should be decided based on data rate and assumption of one SN per TB assuming the last one needs to be segmented

	vivo
	TBD
	

	OPPO
	Yes
	We think 6 bits should be ok, but agree to further study

	Intel
	6 bits
	See our answer to Q2 and Q3-1. In this case, we prefer 6 bit SN.

	CATT
	Yes
	6-bit SN results, in the worst-case scenario (all SDUs segmented across 2 TTIs), in an SN wrap-around within 128 TTIs [4] which is way sufficient to cover all HARQ re-transmissions.

	NEC
	TBD
	

	ZTE
	Yes
	It depends on number of aggregated carries we intent to support. For example, if we want to support 32 carries CA, then the 6 bits is not enough.

	MediaTek
	TBD
	If window based mechanism is used, then the SN range has to be more than twice the window size. Since the window size is determined by RTT considerations, this issue needs further study.

	Lenovo
	Yes/No
	See Q3-1

	Panasonic
	Yes/No
	It is based on data rate.

	Qualcomm
	No
	As explained in Question 3-1, we think 6 bits may not be enough and therefore there may be no header overhead saving for the segments. In this case, the header size of segments will be > 1 byte and for unsegmented SDU the header size can be contained in 1 byte.

	Ericsson
	No
	See Question 3. If FI-like field is included (2 bits) then there would be room for 6 bits SN which is too short. Using 12 or 18 bit SN would results in 2 or 3 byte header. The increase in overhead compared to always using a 1 byte header is not significant. 

	Samsung 
	Yes/No
	See our comments in Question 2.

	ITRI
	TBD
	See our comments in Question 3-1

	Sequans
	No
	Same as 3-1

Short SN of 6 bits would limit RLC UM usage. 
It corresponds to max 32 on-going segments (half of the SN space).
Such segments may happen at each TTI.
In such scenario this limits HARQ retransmissions to occur within 32 TTIs.

	NTT DOCOMO
	TBD
	It’s trade-off between overhead and the probability of mis-combine. 



Question 14: In the case when SN is included only in SDU segments, if multiple t-reassembly timers are used, does timer-based discard have any impact to SN size?  

	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	Timer requires many computing resource. There will be one timer for each segment. The potential number of timers required equals to maximum number the SN size can represent, which will heavily impact the choose of SN size.

	LG
	No
	SN size is linked to the SN warp-around problem, and it is applied to both window and timer based solutions.

	Nokia
	Yes
	For option 1 and 2, the SN needs to cover more than one TB’s HARQ maximum retx.

	vivo
	No
	

	OPPO
	Yes
	Timer should be set to avoid receiving wrap-round SN.

	Intel
	No
	Generally for RLC UM, there is certain delay requirements. Therefore if timer based approach is used, there are not many timers running simultaneously.

	CATT
	Yes
	If SN size is aggressively low, timers should still prevent from SN to wrap-around. But as discussed in Q13, with 6-bit SN, this SN wrap-around is precluded.

	NEC
	Yes
	

	ZTE
	Yes
	If no window based discard is used, the SN size will be determined based on how many SDU will be segmented during the time, which equals to the maximum value of t-reassembly timer.

	MediaTek
	Yes
	We don’t think implementing multiple timers is a big issue.

	Lenovo
	Yes
	

	Panasonic
	Yes
	If we consider SN size value 6 bit than the timer value should not set too small to avoid wrap-around SN.

	Qualcomm
	No
	If timer is set short timer-based scheme may discard segments before SN is reused. However the timer value cannot be guaranteed so SN size still needs to be designed separately, i.e. > 6 bits may be required given some expected worst case reassembly time.

	Ericsson
	Yes
	This depends on the SN space. If the (maximum) timer lengths are relatively short the SN space could potentially be smaller. 

	Samsung
	No
	No impact. 

	ITRI
	Yes
	Agree with ZTE. If no window based discard is used, the timers should be set carefully to avoid the SN wrap-around problem.

	Sequans
	Yes
	There is a link: the larger the SN size, the longer the discard timer can be set and inversely.

	NTT DOCOMO
	No
	The timer value is typuically long enough to cover the maximum number of HARQ transmission.




2.3	Preferences on the solutions

Finally, companies are invited to express preferences for the options given the overhead savings and the potential complexity

Question 15: Should SN be included only for SDU segments?
	Company name
	Yes/No
	Comments

	Xiaomi
	Yes
	SN in complete SDU is redundant design which we should avoid

	LG
	Yes
	Including SN only to SDU segment is sufficient. 
No duplicate detection at RLC UM is already agreed. We think that there is no more reason to include SN for all RLC SDU. 

	Nokia
	Yes
	

	Vivo
	Yes
	

	OPPO
	Yes
	

	Intel
	No
	We prefer that SN is included for all RLC PDUs, but we’re also OK that SN is included only for SDU segments if the first segment and the unsegmented SDU should have the same header sizes.

	CATT
	Yes
	It can save one byte per UMD PDU.

	NEC
	Yes
	For reducing the overhead

	ZTE
	Yes
	To avoid the SN related operation (e.g. Maintainence of reception window) for each complete PDU received.

	MTK
	No
	We think that using a window based approach is simple. We prefer to adopt a simpler approach, at least for phase 1.

	Lenovo
	Yes
	

	Panasonic
	Yes
	

	Qualcomm
	Yes
	There is some overhead saving at least for unsegmented SDU.

	Ericsson
	No
	The LTE RLC UM operation should be used as the base for the design. This is a well-working solution which would ensure proper reassembly of the SDU segments. 

Using SN for all SDUs would simplify the design and result in fewer header formats and lengths for UM. If SN is left out RAN2 needs to specify some enhancements in order to differentiate between complete and segmented SDUs. Such enhancement, e.g., using the FI-like field would results in all PDUs requiring at least 1 byte header in any case. 

The overhead reduction when no SN is used for complete SDUs seems not to be significant, as a one byte header would be used in any case also for the non-segmented SDUs. Moreover, if the sizes of the headers should be similar to each other to mitigate complexity and for preprocessing purposes, potential gains in overhead reduction would be lost (e.g. Question 4). 

If SN is not included in all PDUs, then a received window cannot be used similarly as in LTE, and the window cannot be moved when a complete SDU arrives. In such case the window would be moved only based on arriving SDU segments. 

The specification complexity and additional solution details needed for changed mechanisms are not clear from this email discussion which brings several flavours on all levels of detail.

	Samsung
	No
	We don’t see any big benefit from this.

	ITRI
	Yes
	

	Sequans
	No
	Agree with Ericsson.

In addition, we think that:
- The gain is not significant. 
We see 2 main use cases: 
* VoLTE (1 SDU / TB). We might gain 1 Byte. But Even with LTE with have PDCP+RLC SNs, it has never been a problem. And in NR we expect larger BW.
* Video real time streaming: we might have several SDUs / packet. But the SDUs will be large (~1500 bytes). The gain is ~0.

We think the rationale of the header reduction is just that “it is possible” but we do not see any real motivation to do it. 

- There is a drawback which was not discussed: we would lose the HARQ failure detection capability in RLC UM.

As explained above we think we should keep HARQ failure detection in RLC UM because (see [3])
- it can help to expedite reordering at PDCP. 
- it can make PDCP PDU discards at transmitter transparent to the receiver (as it is the case for LTE). 
- it would be aligned with RLC AM

We think these drawbacks should be discussed before agreeing on a solution.

	NTT DOCOMO
	Yes
	



Question 16: Please indicate the preferences of the options. If multiple options are acceptable, please indicate the order of preferences.
· Option 1-1 with LTE window only mechanism
· Option 1-2 with window and timer
· Option 2-1 with window mechanism
· Option 2-2 with one T-reassembly timer
· Option 2-3 with multiple T-reassembly timer

	Company name
	Preferences
	Comments

	Xiaomi
	opt 2-1
	As explained in Question 5, timer-based solution has wrap-around problem and consume too much computing resources. Window based solution is simple and has no problem. Timer is not necessary for window based solution.

	LG
	Option 2-3
	Window based solution needs state variables and is likely to be stuck without timer, especially at the end of data transmission.Thus, a timer is always needed.
Among timer based solution, option 2-3 is the simplest and most straight-forward approach.

	Nokia
	2-1
	

	vivo
	2-3
	

	OPPO
	2-3
	

	Intel
	Option 1-1 > Option 2-1
	We prefer option 1-1, but can also accept option 2-1 if the first segment and the unsegmented SDU have the same header sizes.

	CATT
	2-2
	

	NEC
	2-2
> 2-3
	

	ZTE
	Option 2-1
	It is the simplest way.

	MediaTek
	Option 1-1
	With a window based scheme, delays are bounded as long as new RLC PDUs are generated. If window is stalled, then we do not see any problem in delayed reassembly so don’t think a timer is needed. In any case, PDCP can take care of packets that are delayed too much. 

	Lenovo
	2-2
	

	Panasonic
	2-1
	

	Qualcomm
	2-2 > 2-1
	It does not seem necessary to have multiple timers.

	Ericsson
	Option 1-2
(Option 2-2)
	If a solution where SN is included only for the segmented SDU case is adopted, we prefer an option where we use timer and a receiver window for the segmented SDUs. A window needs to be used to avoid the problems discussed in Question 9. 

Solutions with multiple timers lead to added complexity of running many timers at the same time in situations where SDUs are segmented and multiple packets are lost. This contradicts the performance optimization argument otherwise presented and used in this discussion. 

	Samsung
	Option 1-1
	We can keep the current LTE solution for easy implementation unless any big benefit is specified.

	ITRI
	2-1
	

	Sequans
	Option 1-2
	This is the simplest way (LTE baseline + will be aligned with RLC AM) and the most efficient in terms of latency. With 2.x we have more complexity (specification and implementation), less efficiency (more delay since HARQ failures are not detected timely, PDCP PDUs discard visible at receiver), with a questionable benefit (overhead reduction of 1 byte which is not motivated by any real scenario).

	NTT DOCOMO
	Option2-1, 1-2
	



Other comments:

	Company name
	Comments

	Sequans
	We think the following drawbacks of deviating from LTE baseline option (1-2) should be discussed: no HARQ failure detection in RLC UM, which implies 
- larger reordering delay in PDCP (at least for DC)
- PDCP discard at transmitter can no longer be transparent at receiver (additional reordering delay)

	
	



3.	Summary and Conclusion
In this email discussion, 18 companies provided their views on the discussions of 
· RLC UM SN: 
· Whether to include FI field for the options in which UM SN is included only in segments
· The potential header fields and overhead if RLC UM SN is included only in segments
· Whether the complete SDU and the first segment should have the same header sizes for preprocessing
· UM operation if SN is included in all PDUs
· Option 1-1 with LTE window only mechanism
· Option 1-2 with window and timer
· UM operation if SN is included in only segments
· Option 2-1 with window mechanism
· Option 2-2 with one T-reassembly timer
· Option 2-3 with multiple T-reassembly timers
· Impact to computational resources and SN size of above options
· Preferences of RLC UM SN
· Preferences of RLC UM operation

Following are the summary of the discussion:

RLC UM SN
· Whether to include FI field for the options in which UM SN is included only in segments

For this point, companies were asked whether FI-like field should be included in RLC UM header in all cases for solutions in which SN is included only in SDU segments to differentiate complete RLC SDU, the first SDU segment, the middle SDU segment, and the last SDU segment. All companies thought that FI-like field should be included in RLC UM header in all cases.

Observation 1a: all companies (18 companies) think that FI-like field should be included in RLC UM header in all cases to differentiate complete RLC SDU, the first SDU segment, the middle SDU segment, and the last SDU segment.

· The potential header fields and overhead if RLC UM SN is included only in segments

For this point, companies discussed the header contents and overheads for the case if RLC UM SN is included only in segments. In this case, for the unsegmented SDU, the header does not contain the SN. The majority companies (15 companies) thought 1 byte is sufficient header size for unsegmented SDU. Several companies (OPPO, NEC, ZTE, Lenovo, Qualcomm, Sequans) indicated only FI is needed in the unsegmented SDU header if SN is included in the segment. 

Observation 1b: For the case if SN is included only in segments, majorities of companies (15 companies) think 1 byte header is sufficient for unsegmented SDU if RLC UM SN is included only in segments. 

On the other hand, to analyze the header overhead of RLC UM segments, companies were asked whether the SDU segment contains only FI-like field and SN. The majority companies (16 companies) agreed RLC UM header of the first segment contains only FI-like field and SN. Samsung mentioned the R bit may be needed.

Observation 1c: For the case if SN is included only in segments, majorities of companies (16 companies) think the first segment contains only FI-like field and SN. 

Companies were asked whether 6 bits SN would be sufficient if RLC UM SN is included only in segments and whether 1 byte first segment header is enough to address concerns from previous discussion related to preprocessing. 3 companies (OPPO, Intel, CATT) thought 6 bits is sufficient SN Size, 3 companies (Qualcomm, Ericsson, Sequans) thought 6 bits is not enough considering multiple parallel TB cases, 7 companies (LG, vivo, NEC, Lenovo, Pansonic, Samsung, ITRI, DOCOMO) thought the header size is linked to the SN size and is TBD.  On the question of first segment header size, 3 companies (Qualcomm, Ericsson, Sequans) thought 1 byte is not enough, 3 companies (OPPO, Intel, CATT) thought 1 byte is enough, and the rest of companies (11 companies) think it depends on the SN size. 

· Whether the complete SDU and the first segment should have the same header sizes for preprocessing

For this point, companies were asked whether the complete SDU and the first segment should have the same header sizes for the purpose of preprocessing. The intention of this question is to understand whether the alignment of header sizes of first and unsegmented SDU should be a requirement. Based on the detailed comments from companies, 10 companies (Xiaomi, Nokia, vivo, NEC, ZTE, MediaTek, Lenovo, Qualcomm, ITRI, NTT DOCOMO) do not see strong motivation of a requirement to align the header sizes of first segment and unsegmented SDU, 6 companies (OPPO, Intel, CATT, Ericsson, Samsung, Sequans)  thought it is beneficial to align the header size of first segment and unsegmented SDU for preprocessing. 

Observation 1d: For the case if SN is included only in segments, 10 companies think it should not be a strict requirement to align the header sizes of first segment and unsegmented SDU. 6 companies think it is beneficial to aligned the header sizes of first segment and unsegmented SDU for preprocessing.

UM operation if SN is included in all PDUs

For this point, we discussed two sub-options according to the guideline from [1]:
· Option 1-1 with LTE window only mechanism
· Option 1-2 with window and timer
Companies discussed the triggers of segment discard in this discussion. Rapporteur provided two triggers for the discussion based on LTE design. In LTE, the segment discard triggers are 
· When the SN of segments falls out of the lower edge of receive window (used by option 1-1 and option 1-2)
· When t-Reordering timer expires (used by 1-2)
Companies were asked whether at least trigger 1 can be reused. 14 companies (Xiaomi, Nokia, OPPO, Intel, NEC, ZTE, MediaTek, Lenovo, Panasonic, Qualcomm, Samsung, ITRI, DOCOMO, Sequans) thought trigger 1 can be reused and 5 companies (LG, vivo, CATT, Ericsson, Sequans) thought trigger 2 is needed.

Observation 2a: If SN is included in all PDUs, the majorities (14 companies) agreed the trigger “When the SN of segments falls out of the lower edge of receive window” can be reused.

On the discussion for trigger 2, the companies were asked if trigger 2 is useful to prevent segments to stay in the receive buffer too long. 8 companies (LG, vivo, CATT, NEC, Qualcomm, Ericsson, Sequans, DOCOMO) agreed trigger 2 is useful and 10 companies (Xiaomi, Nokia, OPPO, Intel, ZTE, MediaTek, Lenovo, Pansonic, Samsung, ITRI) do not see the issue if the segments remain in the window for long. 

Observation 2b: If SN is included in all PDUs, 10 companies think the segments remaining in the window do not cause issues and some companies (8 companies) think the timer triggered segment discard is still needed.

Regarding the advantage of removing trigger 2, companies were asked whether removing the timer trigger reduces complexity such as computational and memory resources. 9 companies (Xiaomi, Nokia, OPPO, Intel, ZTE, MediaTek, Panasonic, Samsung, ITRI) saw the benefit of complexity reduction if timer trigger 2 is removed. 6 companies (LG, CATT, NEC, Qualcomm, Ericsson, Sequans) did not see a burden using the timer.

Observation 2c: If SN is included in all PDUs, 9 companies think removing the timer trigger has the benefit of complexity reduction and 6 companies do not see much benefits.

UM operation if SN is included in only segments

For this point, we discussed companies’ understanding for the three suboptions:
· Option 2-1 with window mechanism
· Option 2-2 with one T-reassembly timer
· Option 2-3 with multiple T-reassembly timers
For option 2-1, the companies were asked if the receive window is pull based and moved only when a new segment with a SN falling outside of the window is received. All companies (18 companies) agreed this is the expected behavior of option 2-1.

Observation 3a: If SN is included in only segments, all companies think the receive window is pull based and moved only when a new segment with a SN falling outside of the window is received in option 2-1.

[bookmark: _GoBack]For option 2-2, the companies were asked if a receive window is also required. 11 companies (Xiaomi, OPPO, NEC, ZTE, MediaTek, Panasonic, Qualcomm, Ericsson, Samsung, Sequans, DOCOMO) thought a receive window is required. 5 companies (Nokia, Intel, CATT, Lenovo, ITRI) thought a receive window is not required. Among the 5 companies, 3 companies (Nokia, Intel, Lenovo) thought only state variables are required and not a receive window and CATT thought a much simpler mechanism can be used. 

Observation 3b: If SN is included in only segments, 11 companies think a receive window is required and 3 companies think only state variables are needed for option 2-2.

For option 2-3, companies discussed the alternative ways of starting t-reassembly timer. The alternatives discussed are
1. Start a t-reassembly timer for each segment
2. Start a t-reassembly timer for each SN with received segments 
3. Start a t-reassembly timer for each detected gap.

12 companies prefer alternative 2 (Xiaomi, LG, vivo, Intel, CATT, NEC, ZTE, MediaTek, Lenovo, Pansonic, Ericsson, DOCOMO), 6 companies (Nokia, OPPO, Qualcomm, Samsung, ITRI, Sequans) saw technical concerns about alternative 2 and prefer alternative 3. No companies preferred alternative 1.

Observation 3c: If SN is included in only segments and multiple timers are used (option 2-3), 12 companies thought t-reassembly timer is started for each SN with received segments and 6 companies thought t-reassembly timer is started for each detected gap.

Companies then discussed the waiting time requirements for the case when SN is included only in segments. Companies were asked whether all segments’ discard waiting time should be bounded. 10 companies (LG, vivo, OPPO, CATT, NEC, Pansonic, Qualcomm, Ericsson, Sequans, DOCOMO) saw bounded waiting time as requirement. 7 companies (Xiaomi, Nokia, Intel, ZTE, MediaTek, Samsung, ITRI) thought bounded waiting time is not required. 

Observation 3d: If SN is included in only segments, 10 companies thought bounded waiting time is requirement and 7 companies thought bounded waiting time is not required.

On the other hand, on the question whether it is required to keep all segments’ discard waiting time uniform. 11 companies (Xiaomi, Nokia, Intel, CATT, ZTE, MediaTek, Lenovo, Qualcomm, Ericsson, ITRI, Sequans) did not see the necessity to keep discard waiting time uniform. 2 companies (LG, OPPO) thought uniform waiting time is required. Vivo thought LTE allows the discard time to be different. NEC thought it is not necessary but good to assume. Samsung thought it depends on the start condition of timer.

Observation 3e: If SN is included in only segments, 11 companies did not see benefit of uniform segment discard time. 2 companies thought the uniform waiting time is required.

Finally, companies were asked whether 6 bits SN is enough if a receive window is used if the SN is included only in the segment. 4 companies (OPPO, Intel, CATT, ZTE) thought 6 bits is enough while ZTE indicated 6 bits may not be enough to support 32 carriers CA. 3 companies (Qualcomm, Ericsson, Sequans) thought 6 bits is not enough. Other companies (9 companies) thought this is TBD. 

Observation 3f: If SN is included in only segments, 4 companies thought 6 bits SN is enough for receive window operation, 3 companies thought 6 bits SN is not enough, 9 companies thought this is TBD.

For timer-based discard, companies were asked whether timer-based discard has impact to the SN size. Number of companies (12 companies: Xiaomi, Nokia, OPPO, CATT, NEC, ZTE, MediaTek, Lenovo, Pansonic, Ericsson, ITRI, Sequans) thought timer-based discard still has impact to the SN size. 6 companies (LG, vivo, Intel, Qualcomm, Samsung, DOCOMO) did not see any impact to SN size.

Observation 3f: If SN is included in only segments, 12 companies think timer-based segment discard still has impact to SN size, 6 companies do not see any impact to SN size. 

Preferences of RLC UM SN

Companies were asked to express preference for whether SN should be included only for SDU segments. The majorities (13 companies: Xiaomi, LG, Nokia, vivo, OPPO, CATT, NEC, ZTE, Lenovo, Pansonic, Qualcomm, ITRI, DOCOMO) preferred SN is included only for SDU segments. 5 companies (Intel, MediaTek, Ericsson, Samsung, Sequans) preferred to include SN in all PDUs.

Observation 4: For RLC UM, 13 companies preferred to include SN only for SDU segments. 5 companies preferred to include SN in all PDUs. 

Preferences of RLC UM operation

Companies were asked to express preference for the RLC UM operation. The summary of preferences are listed below:
· Option 1-1 with LTE window only mechanism
· 3 companies (Intel, MediaTek, Samsung) indicated preference for this option
· Option 1-2 with window and timer
· 3 companies (Ericsson, Sequans, DOCOMO) indicated preference for this option
· Option 2-1 with window mechanism
· 6 companies (Xiaomi, Nokia, ZTE, Panasonic, ITRI, DOCOMO) indicated this option as the first preference.
· 2 companies (Intel, Qualcomm) indicated this option as acceptable.
· Option 2-2 with one T-reassembly timer
· 4 companies (CATT, NEC, Lenovo, Qualcomm) indicated this option as the first preference.
· 1 company (Ericsson) indicated this option as the preference if SN is included only for the segmented SDU.
· Option 2-3 with multiple T-reassembly timer
· 3 companies (LG, vivo, OPPO) indicated this option as the first preference.
· 1 company (NEC) indicated this option as the second preference.

Observation 5: For RLC UM operations, 3 companies prefer option 1-1, 3 companies prefer 1-2, 6 companies prefer option 2-1, 4 companies prefer option 2-2, 3 companies prefer option 2-3. 


Proposals and recommendations

Based on the above observations, the rapporteur has the following recommendations:
Proposal 1: No matter RLC UM SN is included in all PDUs or only the segments, FI-like 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.

Proposal 2: Discuss further if the SN is included only for SDU segments.

Proposal 3: Discuss further to downselect the options of RLC UM operations.



Recommendation 1: If SN is included only for SDU segments in RLC UM, 
· The header of unsegmented SDU contains only FI-like field. Use of Reserved bits is not excluded.
· The header of first segment contains only FI-like field and SN. Use of Reserved bits is not excluded. 
· RLC UM does not require uniform waiting time.
· Discuss further if bounded waiting time is required for RLC UM.

Recommendation 2: If option 2-1 is chosen for RLC UM, the receive window is pull based and moved only when a new segment with a SN falling outside of the window is received.

Recommendation 3: For option 2-2, a receive window is required.

Recommendation 4: If option 2-3 is chosen for RLC UM, 
· The option t-reassembly timer is started for each segment is not further considered. 
· Discuss further if t-reassembly timer is started for each SN with received segments or for each detected gap.

Recommendation 5: If SN is included in all PDUs,
· At least the trigger “When the SN of segments falls out of the lower edge of receive window” can be reused to discard segments. 
· Discuss further if the timer triggered segment discard is still needed.
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