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1. Introduction
In RAN2#94, RAN2 made following agreements as per U-plane aspect for NR [1]:
	1 
Study whether a single packet reordering function is possible
2
Study whether segmentation function can be configured (enabled/disabled) to support different services

3
Study whether concatenation function can be moved to lowest L2 sublayer. 

4
Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)


This email discussion aims to develop the common understanding on gains and drawbacks on the study point 1 and 4 (highlighted in yellow) above.
NOTE: In the email discussion, we do NOT aim to determine which option (dual or single) is employed for NR.
2. Discussion
2.1. Reordering function
In the current LTE layer 2, the reordering function is specified in PDCP and RLC. In RLC, PDU segment based reordering is performed to guarantee in-sequence delivery of RLC PDU byte segment while MAC does not. In PDCP, PDCP PDU based (complete PDU level) reordering is performed to guarantee in-sequence delivery of PDCP PDU when the lower layers do not, e.g., in case of RLC re-establishment, DC split bearer option and LWA. 
In RAN2#94, several papers addressed reordering function in NR  nd the possibility to have only one reordering function was considered in [2,4,5]. The benefits are following:
- Less buffer overhead [2]
- Less processing and latency [4]
- Less header overhead (only one SN) [5]
On the other hand, following is considered as drawback of single reordering function
- Segmentation is not applicable (transmitter side should guarantee the sufficient TBS to accommodate complete SDU) [6]
Following provides the potential pros and cons of single reordering and dual reordering (current behaviour) respectively. 
Table.1 Comparison table of single / dual reordering
	Option
	Pros
	Cons

	Single reordering
(complete PDU level reordering only)
	- Less processing

- Less overhead due to single SN

- Less buffer requirement 

- Any other??
	- Segmentation is not applicable
- Any other??

	Dual reordering 
(current behaviour)
	- Segmentation is applicable
- Any other?
	- More processing

- More overhead due to dual SNs

- More buffer requirement 

- Any other??


Companies are invited to describe their views on above table to confirm and add/remove some aspects (if any).
	Company name
	Remarks

	LG
	We think Segmentation function is important to make the PDU size comply with varying radio condition, and thus should be supported. However, the dual (PDU level) reordering used in LTE has many disadvantages as described in Table 1.
Our view is that it is better to adopt “PDU level” reordering in the upper L2, but with additional “PDU segment level” reordering in the lower L2. The “PDU segment reordering” is that the reordering is performed only for PDU segments belonging to a PDU.


	QC
	We agree with LG comments regarding segmentation being required and the disadvantage of dual reordering in LTE
We think the LG proposal for segment reordering can be extended further by also allowing the implementation of “PDU segment level” and “PDU level” to be unified at the receiver, i.e., allowing the option of implementing both in a single reordering function. 

The simplest way to do this is to have a common sequence space for PDCP segments and PDCP packets, e.g., PDCP segments include the PDCP packet number and a segment offset

	CATT
	We also think the segmentation function should be supported in the lower L2. However, we agree with Qualcomm that it does not preclude supporting a single reordering stage in upper L2, handling reordering of both complete PDUs (e.g. received from different legs in case of multi-connectivity) as well as PDU segments.

On top of the benefits mentioned in Table 1, we see that it can also provide a latency advantage e.g. in a multi-connectivity scenario when bearers are duplicated across legs in upper L2, for reliability. In this scenario, a PDU can be re-assembled quicker from earliest received (and potentially overlapping) segments from different legs, compared to waiting for each leg to reorder/reconstruct its own PDU.

	InterDigital
	We agree with LG/CATT/QC that a segmentation function should be supported at least to adapt the PDU size to the available transport block size which varies with radio conditions.  We also agree that the dual reordering that is used in LTE has disadvantages and should be avoided. 

We think that there are ways to avoid the disadvantages of dual reordering in table 1 by adopting reordering at the upper L2, without preclude the use of segmentation.  Based on the proposals thus far, we see two options for achieving this.  In one option, the upper L2 may perform reordering at the PDU level, and the lower L2 may reorder segments of a PDU only when segmentation of a PDU is performed by the lower L2.  This would reduce buffer and processing overhead, as buffering in the lower L2 would be needed only for segments associated with the same upper L2 PDU.  In another option, the segmentation could be done at the upper L2 layer (as in option C and A in [5]), and a single reordering could be performed at both the PDU level and the PDU segment level at that layer.

Regardless of the option chosen, the design should preserve protocol layer independence and avoid cross-layer interactions.  For example, any reordering of segments should be performed by the same layer which does segmentation, in order to avoid the need for cross-layer information to be provided for the reordering function. 

	Huawei, HiSilicon
	We also agree that segmentation should be supported.

We tend to agree with InterDigital that the design should preserve modular structure of protocol layers and avoid cross-layer interaction.

But we don’t see the option of having segmentation at the L2 upper part as being desirable:

· segmentation should be done based on the channel conditions, which would not be common across different legs in multi-connectivity. 

· this would prevent operations in L2 upper part to be done offline before UL grant is received.

We’d like to also point out that the buffer saving from single reordering is achieved only if there are multi-connectivity. For single connectivity, the delay in the connection between CU and DU would increase the buffer requirement if reordering is performed at L2 upper part.

The SN overhead is not directly related to reordering, but to the concatenation/segmentation functions. Hence, it should be discussed in that context. For example, without concatenation, even single reordering would increase SN overhead.

As discussed in DC, reordering at RLC may help the receiver to intelligently stop waiting in PDCP reordering, if the missed packet is discarded at the transmitter. Hence, reordering at L2 lower part can reduce latency as well.

DC’s flow control mechanism relies on in-sequence delivery in RLC. Without separate reordering operation in L2 lower part, per packet feedback is needed in flow control for multi-connectivity.

Support of reordering at L2 lower part may be more future proof, as it could work better for UE based relay, in which it’d be more beneficial for L2 relay to perform re-ordering separately for each segment of the composite connections between gNB, relay UE(s), and remote UE.

	ZTE
	We also agree the segmentation should be supported. But we also think segmentation in upper L2 is not a good idea.
In order to have a clear view on the single reordering/dual reordering issue, we think the usages/requirements of reordering function should be identified first. And from our point of view, the following usages/requirements of reordering should be supported in NR.
· In case the ARQ function is configured, the reordering function will be required in the receiving side of the UP entity, which enable the ARQ function, to support the detection of “lost data PDU”.

· In case the multiple connectivity is configured, the reordering function will be required in or above the receiving side of the anchor/converge UP entity (e.g. PDCP in LTE) to ensure the in-sequence delivery of data PDUs.

· In case the segmentation function is configured, in order to form a complete data PDU, the reordering function will be required in the receiving side to support the reordering of the data PDU segments.
Since all the usages/requirements listed above can be supported in the current LTE UP architecture, we think  dual reordering can be considered as a basis, and some further study can be made to see whether these requirements can be achieved by a single reordering entity .

	Sony
	The current LTE U-plane performs very well - the combination of HARQ for fast feedback, and ARQ at RLC, with segmentation and reordering, for reliability (since RLC feedback is also subject to HARQ transmission) provides a good trade off in terms of delay, resource efficiency, throughput, and reliability. The LTE user plane should therefore be considered as the baseline. 

The only way to properly evaluate whether further optimisations are beneficial is with some simulation analysis – small changes to the U-plane configuration (e.g. polling, segmentation/re-segmentation, L1 configuration and residual HARQ error rate) can impact the performance in different ways, and since this also depends on the performance that can be offered by the yet to be concluded physical layer it seems too early to decide whether (and which) L2 changes are useful. Of course we agree that simplification by using a single reordering function seems in principle like a good idea, but it needs to be properly analysed, and compared to the existing LTE U-plane.

	MediaTek
	We also agree with other companies that segmentation is necessary for efficient radio resource utilization.

We believe the main benefits of single reordering comes from less complexity/processing and less specification/test efforts. 

We expect backhaul delays will dominate RTT, so for multiple connectivity or CU+DU scenarios, it is not clear if there is much gain in terms of buffer size reduction by adopting single reordering function, when RTT is dominated by backhaul delay.

We tend to believe that it is feasible to design a L2 protocol stack that supports lower layer segmentation with single SN. However, such a design is a significant departure from existing LTE protocol design philosophy with rather small gain, so it warrants a more careful gain/loss analysis than what has been presented so far.

Furthermore, for tight interworking between LTE and 5G NR, it may be desirable to keep the upper L2 layer functionality common for the two systems (e.g., when the LTE side serves as the “anchor”).

	Fujitsu
	As pointed out by QC, “PDU level” reordering and “PDU segments level” reordering could have a common space and then the former is performed based on the PDU SN while the latter is performed based on the corresponding PDU SN and the SN offset.

Although the single reordering is possible solution, one question is if it works in CU/DU split fronthaul. For example, in uplink, let us assume a deployment where CU and DU are connected via a non-ideal backhaul. If single reordering is placed only in the CU, the buffer size of the CU becomes large during the missing PDUs or PDU segments are retransmitted and the latency is also increased. On the other hand, if single reordering is placed only in the DU, multi-connectivity is not possible since reordering function in the CU i.e. “an anchor” like DC is missing. This means that dual reordering seems to be suitable in CU/DU split fronthaul.

This is just one example, but it seems better to discuss whether single reordering or dual reordering is scenario agnostic or not. From our point of view, scenario agnostic should be taken i.e. common protocol and functions for both split and non-split scenarios.

	BlackBerry
	We agree that segmentation is necessary at least in a number of use case scenarios (to tailor the TB size to the channel conditions as mentioned above). However, it also possible to achieve the above using a variable transmission duration on the physical medium. Given that flexible TTI lengths are being studied by RAN1 for NR, it is best for RAN2 to consider both options with and without segmentation (i.e. feasibility to configure or not configure segmentation functionality). 

We agree with other views that it is worth considering options to simplify the reordering mechanism. It should be kept in mind that out of order segments are not only reordered at lower layers (double reordering in LTE protocol stack today as mentioned) but there are higher layer protocols which may also be able to cope with out of order packets (i.e. further reordering). So, overall, it seems logical to consider optimisation of reordering and avoiding redundancy. 

	Convida Wireless
	We agree we some of the views expressed above in that segmentation function is required and should be supported to allow scheduling efficiency and flexibility. We also believe segmentation function should be physically collocated with MAC scheduler (lower L2) for best efficiency. As for the re-ordering function, the proposal to have a single re-ordering function in upper L2 handling reordering of both complete PDUs as well as PDU segments seems an interesting idea but need to be further discussed in RAN2 to better understand if the potential benefits outweigh the drawback.  For example, is it possible to have such a single re-ordering function without significantly departing from the existing LTE modular structure of protocol layers that avoid cross-layer interaction? How the single re-ordering function works in the context of CU/DC protocol architecture, and what are the pros versus the cons? Assuming dual connectivity model with LTE as an anchor cell, the LTE PDCP/RLC layers will be different from NR PDCP/RLC layer, in the sense that one assumes independent re-ordering function and no common PDCP sequence number space while the other assume a single PDCP re-ordering function and a common PDCP sequence number space in support of the reordering function. How re-ordering works in this scenario? 

From our perspective, similar to LG proposal, it seem a bit more straightforward to assume “PDU level” reordering in the upper L2, but with additional “PDU segment level” reordering in the lower L2. The “PDU segment reordering” is that the reordering is performed only for PDU segments belonging to a PDU.

	NEC
	We agree with the summary in the table 1 and see some drawbacks in the dual reordering. On the other hand, we also think the segmentation is necessary to perform the efficient data transmission according to radio conditions.  So, the way proposed by LG, i.e. the PDU level reordering is done in the upper L2 only, while the PDU segment level reordering within one PDU is done in the lower in the lower L2 only.

	ITRI
	We agree with the summary in the Table 1. Besides, we also think that segmentation is required and believe that performing segmentation at the lowest L2 may minimize the needed real-time processing in the transmitter side. Therefore, we share a similar view of LG. It is better to adopt “PDU level” reordering in the upper L2, but with additional “PDU segment level” reordering in the lowest L2.

	Nokia
	We agree that 1) segmentation is required 2) CU/DU split needs to be considered as well as dual-connectivity. Thus, as explained in R2-163439, we believe that PDCP (NCS) is the one layer that needs to perform the reordering of SDUs as it is the highest protocol layer, which can receive out-of-order packets. Furthermore, as explained by Qualcomm, the reordering of segments can be handled in RLC without an additional SN.

	CMCC
	We also think that segmentation function should be supported in the lower L2 to adopt the available transmission resource allocation. We believe that there should be only one single segmentation function which is located in lower L2 in order to quickly adapt to the variable radio condition.
Regarding the reordering function, we would like to describe the two cases: single connectivity and multiple connectivity;
1. For single connectivity operation, the existing reordering function in RLC is efficient and enough. As Rel-8, this means that ”PDU level reordering” and “segment level reordering” should be supported, and any reordering of segments should be performed by the same layer which does segmentation.
2. For  multiple connectivity (including dual-connectivity) operation, there should be two different level reordering functions:
a) Intra-leg reordering:  the reordering for in-sequence delivery of PDU within a particular leg ;
b) Inter-leg reordering: the reordering for in-sequence delivery of PDUs across different legs. 
For the intra-leg reordering, the same reordering function as that for single connectivity operation seems to work well and can be reused.
For the inter-leg reordering function, we prefer to introduce a “PDU cluster reordering” function among different legs. Herein the “PDU cluster” refers to a few continuous PDUs that are delivered in sequence within the same leg. Different “PDU cluster” from different legs should be reordered. Any reordering of “PDU cluster” should be performed by the same layer which constructs the “PDU cluster”.

	Samsung
	As other companies have already mentioned, current LTE UP functions have been well-designed, whereupon current dual reordering should be considered as a baseline for NR. We agree that L2 protocol stack needs to be optimized but need valid motivation based on not opinion or guess but reasonable performance analysis. To make some changes, we need to first clarify the performance gain through further study. For instance, the disadvantage of dual reordering may not be always true comparing to a single reordering function as other companies’ opinion. We need to first set up possible options/scenarios which all the companies agree. Then, performance comparision among those options including current LTE should be done to decide whether to need change.

	Ericsson
	1. When Dual-Connectivity is not used, LTE performs re-ordering only at the RLC receiver (except for HO). PDCP just delivers all received PDUs to higher layers and updates the lower window edge. 

2. MAC HARQ and RLC ARQ shall stay close to L1 as discussed in 2.2. Consequently, an RLC ARQ receiver needs to maintain a receive-window and a number of state variables for sending status reports and for determining whether a received PDU is valid (in the window). Today, RLC re-ordering is a by-product of this window management: If and only if the receiver gets the PDU at the lower window edge (VR(R)), it advances that lower window edge. If and only if one or more SDUs end in that PDU, the receiver delivers SDUs to higher layers. 

One could change the RLC receiver so that it delivers completely received SDUs immediately, i.e., even if a preceding SDU is still pending. The RLC receiver would then need to check upon each received PDU whether it has now one or more complete SDUs that it may deliver to higher layers. Furthermore, it needs to memorize which SDUs it delivered to avoid delivering an SDU twice since an SDU may remain inside the ARQ window. Hence, the operation of the RLC receiver would become heavier when performing out-of-sequence delivery towards PDCP.
Furthermore, the PDCP receiver would need to perform its own window management and in-sequence delivery even if DC is not applied. Hence, compared to single-connectivity, the processing would increase. 

( LTE re-ordering at the RLC receiver is not particularly processing heavy (compared to the RLC ARQ functionality)
( Reordering at the PDCP receiver may significantly increase the protocol complexity and the processing.

( As mentioned by others, RAN2 should carefully compare concrete examples to the existing baseline rather than attempting to make generic agreements on moving functionality elsewhere. 

3. The buffer required in the UE’s L2 protocol stack is determined by the bandwidth-delay-product. Since re-ordering at PDCP level instead of RLC level would not reduce the “delay”, we also don’t expect a benefit in terms of buffer size. We also expect that data stored in the UE’s receive buffer is typically not moved or copied physically to a different memory block when being passed from MAC to RLC and to PDCP. In other words, each data byte is stored only once no matter which protocol layer is currently handling it.

	NTT DOCOMO
	We confirm both pros and cons in table 1. However, for pros of single reordering, we are not so sure how much gain can be actually expected. Specifically, for the possible reduction of header overhead due to single SN space, anyway the segment position should be included in the header and this may be kind of RLC SN space today. Then the additional overhead compared with the current L2 will be marginal. Also, the buffer requirement, the gain may depend on how the UE implements L2 buffer and no quantitative analysis are shown yet. So, we are wonder if we should change from the current layer2. 

	Intel
	We agree with other companies that segmentation functions should be supported in NR. 

We prefer to have a single reordering function in PDCP to minimize the Rx processing latency and buffer requirements.


2.2. Retransmission function
In the current LTE layer 2, the retransmission function is specified in PDCP and RLC. In RLC, RLC PDU (which may contain some part of PDCP PDU)based retransmission is performed, i.e., RLC entity of transmitter side can retransmit only part of byte segment of PDCP PDU which is lost in the air. In PDCP, the complete PDCP PDU level retransmission is performed when lower layer is re-established, e.g., handover, RRC connection re-establishment and PDCP data recovery. In this case, even if some byte segments are received in the receiving side, they are discarded if the complete SDU cannot be reassembled. 
In RAN2#94, several papers addressed retransmission function in NR and the possibility to have only one retransmission function (complete PDCP PDU level retransmission only) was considered in [9, 12]. The benefits are following:
- Less processing and latency [4]
- Less header overhead (only one SN) [5][12]
On the other hand, following is considered as drawback of single retransmission function
- Inefficient resource utilization (transmitter side should always retransmit complete PDCP PDU while some parts are already received) [6]
Following provides the potential pros and cons of single retransmission and dual retransmission (current behaviour) respectively.
Table.2 Comparison table of single / dual retransmission
	Option
	Pros
	Cons

	Single retransmission
(complete PDU level retransmission only)
	- Less processing and latency

- Less header overhead (only one SN)
	- Less efficient resource utilization

	Dual retransmission
(current behaviour)
	- More efficient resource utilization
	- More processing and latency

- More header overhead (only one SN)


Companies are invited to describe their views on above table to confirm and add/remove some aspects (if any).
	Company name
	Remarks

	LG
	As explained in 2.1, our view is that upper L2 performs PDU reordering while lower L2 performs PDU segment reordering within a PDU. 
For lossless RB, the retransmission in upper L2 should be mandatory. 
However, the need for retransmission in lower L2 depends on PDU size and HARQ performance. For example, if PDU size is big and HARQ performance is poor, the PDU segment retransmission is useful. Otherwise, it would increase much overhead without any gain. At this moment, it is difficult to know the typical PDU size and HARQ performance, so we want to leave it for further study.
To summary, our view is as follows (for lossless RBs):
· Upper L2: PDU reordering. Retransmission is mandatory.
· Lower L2: PDU segment reordering. Retransmission is FFS.


	QC
	We agree with LG that for lossless RB, the retransmission in upper L2 should be mandatory and lower L2 PDU segment reordering can be FFS
Note that if we use a common sequence space as described above, the same status report can be used for segments and packets which would allow both lower and upper L2 to use the same retransmission procedure

	CATT
	We don’t think upper L2 retransmission necessarily mandates complete PDU retransmissions. We think it should be possible to allow upper L2 segmenting PDUs for retransmission purpose, thus making it a resource efficient scheme. This should be made possible by combining the information of PDU sequence number and segment offset suggested above by Qualcomm thus allowing identifying unambiguously a missing PDU segment even from segments received from different legs.

	InterDigital
	Upper L2 retransmissions are needed to support lossless operation. Furthermore, we think that RAN2 could make a working assumption that retransmissions of segments of upper L2 PDUs are not needed, but still keep this FFS until we know more about HARQ performance. This is because we expect the reliability of HARQ for NR to be better than that of LTE – e.g. better than 10^-4 for all cases and possibly supporting as high as 10^-9 at least to meet URLLC service requirements

	Huawei, HiSilicon
	First a clarification is in order, as dual retransmission doesn’t normally occur in LTE: in general, PDCP retransmission and RLC retransmission are used in different scenarios, and PDCP retransmission starts when RLC retransmission is to be abandoned. Hence, it is not correct to say that the support of both PDCP and RLC retransmissions would involve more processing and latency. To the contrary, to have retransmission done first at RLC, and only to have PDCP retransmission if RLC retransmission is not feasible, reduces latency in LTE. The same should be true also in NR, i.e., doing retransmission at L2 lower part involves smaller latency than at L2 upper part, especially for CU – DU structure connected by non-ideal backhaul.

We should separate PDCP retransmission from redundant transmission of PDCP PDUs over multiple links in multi-connectivity. Even with redundant transmission of PDCP PDUs over multiple links in multi-connectivity, RLC retransmission still involves smaller latency than PDCP retransmission.

As explained in the comments to Table 1, we don’t think segmentation at L2 upper part is desirable. Hence, we don’t view that segmenting PDCP PDUs at L2 upper part for retransmission is warranted.

Similarly to what’s considered for forward compatibility when re-ordering is concerned, retransmission at L2 lower part may also be beneficial for UE based relay, as it allows L2 relay to quickly recover errors in each leg of the composite connections.

	ZTE
	We also share the view that, for lossless RB, the retransmission in upper L2 should be mandatory.
For the single/dual retransmission issue, we think it would be good to identify the usages/requirements of retransmission function first and then we can discuss whether all the usages/requirements can be supported within one L2 entity. From our point of view, besides HARQ, the following usages/requirements for retransmission should be supported in NR UP
· In case of the AS security key updating, the retransmission function should support the retransmission of data PDU with updated security key.
· In case of dual/multiple connectivity, the retransmission function should support the retransmission of data PDU across different connections. For example, the initial transmission of data PDU may occur in NR SeNB with high frequency band and the retransmission can occur in NR MeNB with low frequency band.
· In case the radio condition is fluctuated, the retransmission function should support the retransmission of data PDU with updated TB size.
One related the re-transmission issue is the overhead in UP because any missed PDU segment will result in retransmission of whole PDU packet instead of PDU segment itself. But considering NR system will have much higher throughput than LTE system, concatenation will happen much more than segmentation most likely. And also considering low residual error rate in low L2 part, overhead could not be a big issue.  However we still need further study to see what is the real problem. 

	Sony
	Increased processing at the RLC layer due to RLC re-segmentation needs to be evaluated against increased processing at L1 and increased radio resource usage from retransmission of an entire PDU in worsened radio conditions due to the higher number of bits transmitted over the air. 

Since RAN1 have not yet concluded on NR waveform(s), which will impact physical layer performance, it’s too early to conclude whether there is any benefit from moving or removing any L2 U-plane functions compared to LTE.

If L1 performance can guarantee high reliability then there could be a good case for simplifying ARQ functionality, because retransmissions will be rare and the relative resource usage overhead will be small, so of course we should study this further – however this does need to be properly evaluated to check the impact on various performance aspects and it is difficult to conclude anything based on opinion alone.

	MediaTek
	We do not see the problem with dual retransmission, since they address different issues. We think that upper L2 retransmission should be mandatory to uphold lossless operation for multi-connectivity or handover. On the other hand, Lower L2 retransmission (Fast ARQ) could be configurable depends on HARQ residual error of dynamic scheduler decision. 

	Fujitsu
	As pointed described in 2.1, “PDU level” retransmission and “PDU segments level” retransmission could be unified and then the former is performed based on the PDU SN while the latter is performed based on the corresponding PDU SN and the SN offset.

Although the single retransmission is possible solution, one question is if it works in CU/DU split fronthaul. For example, in uplink, let us assume a deployment where CU and DU are connected via a non-ideal backhaul. If single retransmission is taken, the reordering should be single reordering but the placement of the single reordering in CU or DU doesn’t work as described in 2.1. This means that dual retransmission is suitable in CU/DU split fronthaul.

This is just one example, but it seems better to discuss whether single retransmission or dual retransmission is scenario agnostic or not. From our point of view, scenario agnostic should be taken i.e. common protocol and functions for both split and non-split scenarios.

	BlackBerry
	Upper L2 retransmission is necessary to ensure lossless operation as clarified above. The pros and cons of the lower L2 retransmissions (on top of the upper L2 retransmissions) would depend on residual error rate in the underlying HARQ operation and given that RAN1 have not yet concluded on this aspect, we think it is a bit premature to completely rule out the lower l2 retransmission yet. 

	Convida Wireless
	We agree with LG and QCOM in that for lossless RB, the retransmission in upper L2 should be mandatory and lower L2 PDU segment reordering can be FFS.

	NEC
	Firstly, the PDU level retransmission in the upper L2 should be mandatory for the lossless RB as supported by others. Considering the reordering in the upper can be the PDU level only, the retransmission can also be only the complete PDU.
Secondly, we also think the PDU segment level retransmission in the lower L2 can be FFS until RAN1 has more decision on the physical layer design.  On the other hand, we would like to confirm the FFS point. In our view, as Huawei points out with the LTE example, the retransmission in the upper L2 (PDCP in LTE) and the lower L2 (RLC in LTE) would occur in different scenarios.  If we can take the LTE modelling as baseline, the retransmission in the lower L2 will be necessary and the FFS point can be whether the retransmission is performed in the PDU segment level or the PDU level only.

	ITRI
	We agree that for lossless RB the retransmission at upper L2 should be mandatory and the retransmission at lower L2 is FFS.

	Nokia
	We agree with the views above (e.g. Huawei and Mediatek) that retransmissions need to be handled at two different levels as they serve different purposes. We also agree that retransmissions of segments and/or of segments of segments is required to handle bad radio conditions and avoid situations where no large packets can go through. In addition, in scenarios where AM is not needed, UM can be used instead. 

Furthemore, regardless of what RAN1 agrees, we think it would be difficult to assume that RLC AM is never needed and that HARQ is always enough in all possible scenarios.

	CMCC
	The retransmission function should be supported in NR to enable lossless delivery of some specific services. 
Regarding the single or dual retransmission, we tend to extend the existing RLC retransmission to support both PDU level retransmission and PDU segment level retransmission. That means re-segmentation function and the corresponding retransmission function should also be supported.
Besides, we think the retransmission across different legs is useful. It means a packet could be retransmitted in a different leg from the originally transmitted link.

	Samsung
	As explained in Section 2.1, our view is that current LTE UP function (dual retransmission) should be considered as a baseline for NR. We think that valid performance analysis should be required before decision on this issue. Without that, we may not easily reach a conclusion. Even several options/scenarios in this e-mail discussion have already been presented by other companies. Hence, we need to first set up possible options/scenarios which all the companies agree. Then, performance comparision among those options including current LTE should be done to decide whether to need change.

	Ericsson
	We observe two questions/tracks in this discussion: 

1) Do we need two retransmission layers or is one layer (MAC HARQ) sufficient?

In LTE it was found to be most resources efficient to correct the majority of transmission errors by means of HARQ using fast but not entirely reliable feedback and the remaining errors by RLC ARQ. Whether it is possible to make NR HARQ sufficiently robust and resource efficient and to remove RLC ARQ cannot be answered at this point in time.  

2) If we need two retransmission layers, should the upper/outer one be in RLC or PDCP? 

LTE’s MAC HARQ and RLC ARQ operates directly on top of L1. This is entirely different from (traditional) UMTS where RLC was runs in the centralized RNC. Tying L1/MAC/RLC together offers a number of advantages:

- minimizes signalling overhead (Small RLC sequence number space; RLC PDU adjusted to Transport Block Size). 

- processing load due to ARQ window management is independent of the L1 data rate since there is only one RLC PDU (with concatenated SDUs) per subframe, carrier and MIMO layer.

- ARQ does not correct (congestion related) losses on a transport network (fronthaul) interface and thereby ensures stable protocol operation even when such transport links become the bottleneck. The fact that UMTS’s RLC AM corrected losses on Iub was a significant problem. Note: For the same reason is was decided to do the Dual Connectivity split above RLC.

- ARQ timers and counters are independent of transport network (fronthaul) delays. This makes the configuration of ARQ parameters much easier since they depend only on the HARQ and Link Adaptation setting. 

( Segmentation, Concatenation, HARQ and ARQ should be tightly coupled (like in LTE)

( A continuously operating ARQ protocol shall not span over a non-ideal transport network (fronthaul) interface

As pointed out by e.g. Huawei, LTE PDCP does not perform continuous ARQ. It only corrects losses upon handover while RLC and MAC are released. This split of functionality between RLC/MAC (for continuous data transfer) and PDCP (for HO) ensures loss-less mobility but avoids exchanging internal states of the (much more complex) RLC and MAC protocols among eNBs at HO.

( Loss-less mobility (recovery of data not yet delivered by ARQ protocol) should be ensured by a lightweight protocol such as PDCP.

	NTT DOCOMO
	We confirm the pros and cons in table 2. However, we tend to agree to Huwaei’s comment that each retransmission was introduced for each purpose. Same as comment in section2.1, the gain to introduce single retransmission should be further analysed quantitatively. 

	Intel
	Retransmission and SNs in PDCP are needed. If there is retransmission in PDCP, and no concatenation in RLC (i.e. concatenation function is moved to MAC), we can avoid duplicating the function of retransmission of RLC PDUs without segmentation (which is a PDCP PDU) and the need for SN in RLC.  However, performance for this depends on the delay between PDCP and physical layer – for both standalone and tight interworking. 


3. Summary
In this email discussion, we discuss pros/cons for the single and dual reordering/retransmission to have the common understanding. Originally, the rapporteur provided the possible comparison table based on the papers input from companies. However, on both points reordering/ retransmission, common understanding could not be reached. Followings are the summary of the views from companies and way forward for the future discussion.
Reordering

Discussion during email discussion
Regarding the discussion points related to pros/cons:
1) Header overhead
Some companies (QC, Nokia) commented that single SN space will be beneficial, but it was commented by some companies (Huawei, HiSilicon) that this overhead aspect should be discussed in context of segmentation / concatenation. 
2) Buffer requirement 
It was commented by some companies (Huawei, HiSilicon) that the gain on buffer requirement from single reordering function can be foreseen only in case of multi-connectivity case. For single connectivity, the FH delay between CU and DU would increase the buffer requirement when reordering is done in upper L2. On the other hand, one company think that such gain will not be foreseen even for multi-connectivity. Also, it was pointed out by a company (Ericsson) that the benefit in terms of buffer size will not be expected since re-ordering at PDCP level instead of RLC level would not reduce the “delay”.
3) Latency 
It was commented by a company (CATT, InterDigital) that single reordering will be beneficial from latency point of view, e.g. in a multi-connectivity scenario. Specifically, when a bearer is split over multiple legs, a PDU can be re-assembled quicker from earliest received (and potentially overlapping) segments from different legs, compared to waiting for each leg to reorder/reconstruct its own PDU. On the other hand, it was pointed out by some companies (Huawei, HiSilicon) that in-sequence delivery in lower L2 will be helpful from latency point of view. Specifically, when the packet is discarded in the transmitter side, the upper layer at the receiver side can detect such PDU missing due to lower L2 guarantees in sequence delivery. 
4) Support of segmentation
During the email discussion, it was confirmed by many companies (LGE, QC, CATT, InterDigital, Huawei, HiSilicon, ZTE, MediaTek, Convida Wireless, Nokia, CMCC) that segmentation should be supported make the PDU size comply with varying radio condition. But, it was also commented by Black Berry that there will be a possibility to support various TBS due to the flexible TTI length without segmentation. 
5) Others
Followings are the potential discussion points for the solution identified during the email discussion.
- LTE friendliness in LTE-NR TI
- Impact for other functions, e.g., flow control, UE relay
- Real-Time / non-real time function
- CU-DU split
- Avoiding cross layer interaction
Summary of the discussion on reordering
Regarding the pros/cons of single / dual reordering, the views from companies are not aligned. Also, some companies (ZTE, Sony, Samsung, Ericsson and NTT DOCOMO) wonder whether the current LTE should be changed and think that further analysis should be done to confirm sufficient justification. So, the rapporteur proposes to have further analysis what is the potential issue with the current LTE protocol stack and discuss what and how much gain will be foreseen with the single reordering, e.g., in quantitative way. 
Proposal1: To identify what is the potential issue with the current LTE protocol stack further and discuss what and how much gain will be foreseen with the single reordering, e.g., in quantitative way. The discussion may consider followings:
- Buffer requirement

- Latency
- Header overhead
Retransmission

Discussion during email discussion

It was commented by some companies (LGE, QC, InterDigital, Convida Wireless, ITRI) that retransmission in upper L2 should be supported for lossless RB but the necessity of retransmission in lower L2 needs to be study since it depends on L1 performance. On the other hand, it was commented by some companies (Huawei, HiSilicon, NEC, Nokia and Ericsson) that dual retransmission does not increase the processing since both are not performed at the same time normally. 
Summary of the discussion on retransmission
Regarding the pros/cons of single / dual retransmission, the views from companies are not aligned. Many companies think anyway that it cannot be concluded whether single retransmission will be sufficient or not without RAN1 progress. On the other hand, some companies (ZTE, Sony, MediaTek, BlackBerry, Samsung and NTT DOCOMO) wonder if whether the current LTE should be changed and think that further analysis should be done to confirm sufficient justification (as for reordering in section 2.1). 
Proposal2: To identify what is the potential issue with the current LTE protocol stack further and discuss what and how much gain will be foreseen with the single retransmission, e.g., in quantitative way
From the discussion here, the rapporteur thinks that it will be hard to conclude dual/single reordering/retransmission, since the companies don’t have the common understanding on the potential issue of the current LTE and it is not sufficiently justified to change it. Thus, it is proposed to capture in TR 38.804 that for NR U-plane protocol stack, dual reordering/retransmission as for the current LTE will be utilized and further optimization is considered based on it, if benefit is justified. 

Proposal3: To capture in TR 38.804 that for NR U-plane protocol stack, dual reordering/retransmission as for the current LTE will be utilized and further optimization is considered based on it, if benefit is justified.
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