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Report
1 Introduction
One of the discussion point in email discussion [94#38] is to study whether a single packet reordering function is possible [1]. Contributions [2-11] were submitted to RAN2#95 meeting on reordering topic. After discussion in RAN2#95 meeting, an email discussion was agreed as follows: 
[95#27][LTE/NR]  Reordering (Intel)


Identify the impacts of reordering at RLC compared to reordering only at PDCP. Impacts considered should at least look at ease and delay of deciphering and delay, reassembly function, ARQ operation.. Different use cases should be analysed including DC with ideal and non ideal back haul, and other use cases for NR.


Intended outcome: Email discussion report to next meeting


Deadline: Thursday 22/09/2016

2 Discussion
As there are already some discussion on the pros and cons of single vs. dual reordering in email discussion [94#38] as in the report [1], the main focus of current email discussion is to further progress the understanding of several areas identified in RAN2#95 meeting, as captured in the email discussion scope.

For current email discussion, all deployment scenarios can be considered, e.g. standalone single carrier operation, standalone CA and DC operation, LTE-NR interworking with ideal backhaul, LTE-NR interworking with non-ideal backhaul. To make the discussion simpler, deployment scenario is not explicitly mentioned, unless necessary. 
As one of the potential issues with reordering in RLC layer, it was pointed out in [2][4] that in-sequence delivery from RLC layer (i.e. reordering in RLC) requires that PDCP layer to handle very large amount of data after receiving an out-of-order packet, which might incur high latency and/or additional processing due to the processing requirement from deciphering.
	Question 1: Companies are invited to provide their views on whether there is impact from RLC reordering on latency and/or processing requirements related to deciphering.

	Company
	Comments

	Ericsson
	If RLC performs reordering, then a packets will be kept in RLC when there is a “hole”. When the hole is filled the RLC receiver delivers all packets (up to a potential next hole).

The LTE spec suggests that the UE does not perform deciphering of the correctly received PDCP PDUs until any preceding “holes” has been filled, but of course the receiver is allowed to do deciphering earlier if it has problems with slow deciphering.

	Nokia
	If PDCP PDUs and RLC SDUs share a common buffer, then we agree with Ericsson that offline deciphering is indeed possible. However, when it is not the case, the reordering in RLC layer may incur that large amount of packets (PDCP PDUs) are passed to PDCP simultaneously for deciphering, which affects the processing requirements the Rx PDCP needs to deal with. As the deciphering function does not require reordering of PDCP PDUs before the function is called, we don’t see a need for RLC to perform reordering → without RLC reordering more freedom is given to implementation and deciphering requirements are relaxed.

In case of dual connectivity, if SDU multicasting were adopted to increase reliability for e.g. URLLC, RLC reordering would negatively impact latency (they delay of any missing packet would propagate to PDCP) → without RLC reordering SDU multicasting becomes a viable mean to increase reliability without penalizing latency.

	Qualcomm
	Agree with Nokia’s comments above.

For UE implementation, reordering requires large buffers which is usually stored off chip – so RLC reordering first implies data is first sent off chip for reordering and RLC Rx processing, then back onto the chip for deciphering (as deciphering is a HW function) so there is significant extra buffer access required when reordering is performed first and hence significant latency and processing requirements impact.  

	ITRI
	We agree that in-sequence delivery from RLC layer (i.e. reordering in RLC) might incur high latency due to deciphering.

	Huawei, HiSilicon
	The key purpose of modeling different protocol layers in specifications is to allow interoperability. It is not to dictate certain way of implementation. It is not a proper use of specifications to not allow sensible implementation in a device, when there is no interoperability issue.

As pointed out by the rapporteur and confirmed by many companies, deciphering doesn’t need to have reordering done in advance (setting aside COUNT issue in this email discussion, as its impact is the same whether reordering is in RLC or PDCP). Would moving reordering from RLC to PDCP make difference? No, because deciphering still needs to be performed before reordering, if batch processing is to be avoided. Hence, the placement of reordering in RLC doesn’t impose extra obstacle in UE implementation to avoid batch processing in deciphering, if it is desired.

	LG
	Due to reordering in RLC, PDCP would require high processing requirement for deciphering as well as the processing latency for reception of bunch of in-sequence PDCP PDUs from RLC. In addition, PDU reordering in PDCP is well defined from Rel-12 to support a split bearer, and it can be used for any type of bearers, hence having another PDU reordering in RLC is redundant.

	CATT
	We agree with Nokia and Qualcomm regarding the latency impacts of the RLC reordering. It is indeed a known situation that in real deployments, a very large number of packets might be delivered by RLC to PDCP in one shot following the reception of a long-waiting “hole” in RLC AM. When this happens, there is a peak processing (and associated latency) in the de-ciphering engine that could have been avoided if PDUs or PDU segments had been delivered out-of-order to PDCP. Also agree with Nokia regarding the expected performance benefits of PDCP (central) reordering of PDU segments in a multi-connectivity scenario with bearer duplication across legs, in support of URLLC service.

	MediaTek
	We tend to agree with Ericsson that the current LTE specification does not prevent the UE from “early decoding” of PDCP PDUs received out of order. 

	ZTE
	Agree with NOKIA and QC that the reordering in RLC may cause some extra delay and lead to some negative impact on the distribution of PDCP deciphering load (e.g. the PDCP may be required to decipher a large amount of data packet simultaneously). However, we also agree with Ericsson that receiver is allowed to do deciphering earlier by implementation.

	TCL
	We agree with Ericsson.

	Intel
	Agree with Nokia’s comment.

As analyzed in our contribution [2], with RLC reordering, when there is outstanding RLC PDU, there is significant impact on the user plane latency. Even increasing deciphering capability (which is at the cost of additional UE implementation cost) cannot achieve similar latency compared with out-or-order deciphering without increasing deciphering capability.

	Samsung
	Were it not for deciphering in PDCP, RLC reordering may not cause high latency, i.e. dual reordering and single reordering have the same delivery time since RLC performs reordering and sends PDCP PDUs to PDCP in the case of dual reordering and RLC sends out-of-order PDCP PDUs to PDCP and PDCP performs reordering in case of single reordering. 
In the case of deciphering in PDCP, if we have a separate hardware engine for deciphering by implementation, the dual reordering may not still cause high latency. Moreover, if RLC and PDCP share a buffer to early decipher out-of-order PDCP PDUs by implementation, then dual reordering may have almost the same performance as that of single reordering.
The point is that the benefits from single ordering may not be that much according to how to implement and single ordering can be performed by implementation if needed. It seems that we don’t need to change RLC specification. It may be up to implementation.

	NTT DOCOMO
	We confirm that there will be a possibility that PDCP will receive many PDCP PDUs from RLC when the missing RLC PDU is received. In some papers, it was mentioned that more processing power will be needed to process such many PDCP PDUs without increasing the U-plane latency. On the other hand, it will be questionable that we should achieve low latency even in the case where the receiving side buffers so many out-of-order RLC PDUs. When the service requires very low latency, RLC RTT should be very small and the number of out-of-order RLC PDUs will not be so large. It will be good to discuss whether we need to optimize the radio protocol to such case. Also, we agree with Ericsson that implementation is not prevented to perform out-of–order deciphering.



Out-of-order deciphering (i.e. on-the-fly deciphering) was proposed in [2][4], where received RLC PDUs are passed to PDCP layer for deciphering directly. It might be possible for NR to support much larger IP packets compared with LTE e.g. super jumbo frame with 64 kbytes, and such big IP packet can be transmitted with multiple segments. Therefore it might be beneficial to perform out-of-order deciphering for PDU segment to reduce the deciphering latency.

The discussion is related to two options on reordering, which are different from current LTE reordering model.

· Option A: reordering is only performed in PDCP layer ([2-5].

· Option B: in RLC layer, reordering is only performed for PDU segments. PDU level reordering is performed in PDCP layer ([6-7]). 

With option A, out-of-order deciphering for PDU segment can be supported. With option B, there might be no need to perform out-of-order deciphering for PDU segment.
	Question 2: Companies are invited to provide their views on whether it is beneficial to perform out-of-order deciphering for PDU and PDU segment.

	Company
	Comments

	Ericsson
	In Option A it seems that PDCP should reorder segments. We assume this also means that PDCP performs reassembly of the segments. There seem to be two sub-options for this:

· A1: PDCP performs reassembly, RLC performs segmentation.

· A2: PDCP performs reassembly, PDCP performs segmentation

A1 It is not clear how it would work that RLC performs segmentation while PDCP performs reassembly. When RLC segments it indicates with the FI-field if the first/last SDU is a segment or not. We assume we should keep a clear split between the RLC and PDCP protocol and hence the PDCP entity shall not need to peek in to the RLC header info, actually PDCP PDUs received from RLC shall not contain any RLC-header info. Hence we don’t think A1 is feasible.

A2 does not work in a DC scenario when PDCP for a split bearer is placed in the MeNB and the MeNB is not aware of the TB-size used by the SeNB. And in a single-connectivity case we probably don’t want PDCP processing to depend on the grants.

We shall therefore not write our spec in a way that deciphering is performed on segments.

· Option A does not seem to work.

In Option B, RLC would reassemble the RLC SDU and it would be possible to deliver these to PDCP out-of-order, and PDCP can then decipher as soon as they arrive.

· Option B would work.



	Nokia
	We do not think deciphering of PDU segments would help (deciphering one large PDU would actually be more efficient than deciphering multiple ones as this would require initiating the process only once and avoid multiple memory operations). However, it would be beneficial to perform out-of-order deciphering for complete PDCP PDUs.

	Qualcomm
	It is beneficial to be able to perform out-of-order deciphering for PDU and PDU segment.

Deciphering on a PDU segment should be lower priority than for a PDU.

We think both options A and B can work, where option A will work if segmentation and reassembly uses a common sequence space as PDCP, e.g., as in IP packet segmentation on the internet today, each segment includes the PDCP sequence number



	ITRI
	We agree that it is beneficial to perform out-of-order deciphering for complete PDCP PDU but wonder if there is a significant benefit to perform out-of-order deciphering for PDU segment.
Moreover, we believe that performing segmentation in the lowest L2 sublayer may minimize the needed real-time processing in the transmitter side. In order to preserve the layered structure as much as possible, the corresponding reassembly should also be performed in the lowest L2 sublayer. Therefore, we prefer to perform PDU level reordering in PDCP layer and PDU segment level reordering in the lowest L2 sublayer.

	Huawei, HiSilicon
	We don’t see the benefit that deciphering of PDU segments would have, as keystream needs to be generated multiple times.

As already discussed for the question 1, deciphering can already be done before reordering is done, if it is desired. It is UE implementation whether deciphering would be done before reordering or after reordering. There is no interoperability issue either way. And whether in-order or out-order deciphering suits an implementation depends on the proprietary design.

	LG
	We see benefit of allowing deciphering of out-of-order PDCP PDUs in terms of processing requirement and latency.

On the other hand, PDU segment level deciphering implies that the same ciphering keystream is used multiple times for multiple PDCP PDU segments. Therefore, we think PDCP PDU segment level deciphering is not preferable from the security point of view.

	CATT
	Based on the observation in our answer to question 1, yes, we would indeed see a latency benefit to perform out-of-order deciphering for PDU and PDU segments. Performing out-of-order deciphering for PDU only, as in option B, is a first step to this end, although it still reflects a dual reordering solution. But Option B alone rules out a single and central reordering stage which, as further discussed in [5] and in question 5) below, is expected to provide performance benefits in multi-connectivity with duplicated bearers. Option B further rules out supporting a central ARQ working on segments as also discussed in [5]. We believe it is too early to rule out such architecture at this stage so we support studying Option A as well, specifically Option A1, as defined above by Ericsson. We don’t see any issue in having PDCP receiving segments formed by RLC provided PDCP understands the associated headers

	MediaTek
	Our understanding of option A is that the PDCP layer will perform the RLC function of assembling RLC SDUs. While such a functionality violates the layering principle, it seems feasible. However the benefit of supporting partial decoding of PDCP PDUs is unclear. We expect all segments belonging to a PDCP PDU (even for jumbo frames) to be received at around the same time, so the penalty of waiting to assemble a complete PDCP PDU prior to deciphering seems to be low. As far as option B is concerned, we think that it is feasible, but it does not require changing the current LTE spec.(See answer to Q1).

	ZTE
	We see some beneficial to allow the out-of-order deciphering for complete PDCP PDU. For the PDU segment, considering the complexity, we think it is not worth allowing the out-of-order deciphering for PDU segment.
For the two options on reordering, we agree with Ericsson that if we want to have a clear split between the RLC and PDCP protocol, then only option B can work.

	TCL
	We agree with Nokia.

How can Option B work because a RLC PDU can contain both PDCP whole PDUs and PDUs segments. So how to decide the RLC reordering vs PDCP reordering criteria based on PDCP PDU segment? This is much better not to break current RLC reordering and PDCP reordering algorithms

	Intel
	We think it is it is beneficial to perform out-of-order deciphering for both PDU and PDU segment. The motivation of supporting out-of-ordering deciphering of PDU segment is to support much larger IP packets compared with LTE e.g. super jumbo frame with 64 kbytes. If this is not supported, then PDCP receiver should wait for a complete PDU to perform deciphering, which also impacts user plane latency. As to MediaTek’s comment that “all segments belonging to a PDCP PDU (even for jumbo frames) to be received at around the same time”, since different segment is transmitted in different MAC PDUs, some segments might need HARQ retransmission.

As to LG’s comment, for PDU segment level deciphering, the intention is not to reuse the same keystream multiple times (as this has security issue as pointed out by LG). One example is that in AES CTR mode (as from TS 33.401), when generating the keystream, each block (16 bytes) is generated independently (with an increasing counter). Therefore each block can be deciphered independently, which implies that each segment can be deciphered almost independently.

We think both option A and B can work. Comments from Ericsson is mainly related to the cross layer interaction, and we provide views to question 6a/6b accordingly.

	Samsung
	The out-of-order deciphering of complete PDCP PDUs can have some benefits.
Agree with Ericsson to a certain extent. Option A does not seem to work and Option B would work and can be performed by implementation under current specifications. We think the deciphering issue is not a big deal since we can have a separate hardware engine for it as described in Q1.  

	NTT DOCOMO
	If vendors have common concern on the additional delay due to deciphering, out-of-order deciphering may be beneficial. As commented in Q1, even in current LTE, out-of-order deciphering is possible. Also, we are wondering whether we focus on option A and B since straightforward solution is to specify explicitly in current LTE RLC and PDCP such that out-of-order deciphering is allowed. Regarding option A and B, it is more of simplifying the current layer2.


In current LTE PDCP/RLC design, it is only possible to decipher a complete PDCP PDU, or the 1st segment of PDCP PDU since PDCP SN (as part of PDCP header) is only transmitted in the 1st segment, from RLC layer perspective. To enable out-of-order deciphering of PDU segment, PDCP SN should be transmitted in every segment. It should be noted that current AES CTR mode is very friendly for deciphering of PDU segment since deciphering can be performed in 128 bit block granularity, without dependency on previous or next ciphertext.

	Question 3: Companies are invited to provide their views on whether current PDCP/RLC header structure allows out-of-order deciphering for PDU and PDU segment.

	Company
	Comments

	Ericsson
	Current header structure allows for out-of-order deciphering for complete PDCP PDUs.

But out-of-order deciphering of segments does not work since PDCP will not know which PDCP SN a certain segment belongs to. As described in Q2, Option A is not feasible anyway.

	Nokia
	As discussed in the RAN2#95 meeting and indicated above, current LTE PDCP/RLC model does not allow PDU segment level deciphering other than for the 1st segment of PDCP PDU. Furthermore, even though out-of-order deciphering of PDCP PDUs could in principle be supported in LTE by implementation, the current design is ill-suited for such an operation.

	Qualcomm
	Current header does not allow out-of-order segment deciphering. 

It is more difficult to implement out-of-order deciphering for complete PDCP PDUs because the current header structure does not have fixed RLC headers in predictable places which are required to enable a simple implementation of out- of-order deciphering. 

	ITRI
	We agree that current PDCP/RLC header structure allows out-of-order deciphering for complete PDCP PDU but doesn’t allow out-of-order deciphering for PDU segment.

	Huawei, HiSilicon
	Current PDCP/RLC PDU structures allows out-of-order deciphering of complete PDCP PDU, if desired, but not PDU segment.

	LG
	The current PDCP/RLC header structure doesn’t allow deciphering of PDU segments because PDCP SN is included only in the first PDCP PDU segment.

In the meanwhile, the current PDCP/RLC header structure allows deciphering of out-of-sequence deciphering of PDCP PDU.

	CATT
	Current header structure could allow proprietary out-of-order deciphering of PDCP PDUs, but not segments. However, if reordering is kept in RLC as in legacy, in a CU/DU deployment with PDCP in CU and RLC in DU, proprietary out-of-order deciphering does not look feasible since deciphering is located in CU and out-of-order PDUs are in DU.

	MediaTek
	Such deciphering is feasible for PDCP PDU segments as long as the PDCP layer can act on the RLC headers (like the RLC layer does in the current spec.). Reordering of complete PDCP PDUs is already supported.

	ZTE
	Current header structure allows for out-of-order deciphering for complete PDUs, but not allows for out-of-order deciphering for PDU segments.

	TCL
	We agree with Qualcomm. Actually this would be possible to decipher an out-of-sync PDCP PDU segment if only either this is the beginning of a PDU or the PDCP SN is already known because it was received in the RLC PDU with previous SN. But it will complexify RLC reassembly and PDCP reordering stuff then we would not support that option.

	Intel
	Current PDCP/RLC header structure allows out-of-order deciphering for a complete PDCP PDU and the 1st segment of PDCP PDU, with a protocol layer violation.

	Samsung
	Agree to the statement that current header only allows deciphering of a complete PDCP PDU or the 1st segment of PDCP PDU other than the remaining segments of PDCP PDU.

	NTT DOCOMO
	We agree with Ericsson. In the current RLC header is designed such that the receiver side knows the beginning of RLC SDU. From such, RLC can reassemble RLC SDUs in case of RLC re-establishment (and also in normal case for RLC-UM) even with SN gap. 


In RAN2#95 meeting online discussion, some companies mentioned that out-of-order deciphering can be supported in implementation without specification change (e.g. on reordering). One potential implementation is that RLC layer passes PDU to PDCP layer for deciphering and the deciphered data is passing back to RLC layer for reordering. 

	Question 4: Companies are invited to provide their views on the proprietary implementation to allow out-of-order deciphering.

	Company
	Comments

	Ericsson
	The UE is free to decipher a successfully received RLC PDU at any point in time in LTE. The spec is not written in this way but nothing prohibits the UE from doing this.

It is misleading to say that “RLC layer passes PDU to PDCP layer for deciphering and the deciphered data is passing back to RLC layer for reordering”. In an implementation there is no need to “pass” the data back and forth between RLC and PDCP. Instead when the data arrives at the receiver from Uu the receiver stores it in a memory. The receiver can call the deciphering-entity to decipher the data and the data can remain in the same memory slot. So its not so that data is passed back/fourth between RLC/PDCP when doing out-of-order deciphering. However, one should bear in mind that out-of-order deciphering (standardized or implementation choice) likely requires more memory accesses since a deciphered PDU must be stored again until preceding PDUs are ready for delivery to higher layers.
In addition to the more frequent memory accesses (see above), we also consider it heavier for the RLC-receiver to deliver (or trigger deciphering of) out-of-order compared to in-sequence. In LTE, the RLC receiver only needs to keep track of whether the RLC SDU in the lower window edge has been completed and can delivered to PDCP. But with out-of-sequence delivery the RLC entity needs to keep track of each packet in the window to determine if any of them has been completed and delivered to PDCP.

So to summarize:

· Whether it is beneficial processing-wise to do in-order/out-of-order delivery depends on implementation.

· The LTE stack today allows for out-of-order deciphering

· Out-of-order deciphering likely requires more memory accesses since a deciphered PDU must be stored again until preceding PDUs are ready for delivery to higher layers. Deciphering is not an important factor to consider when deciding whether to remove reordering from RLC.

	Nokia
	As indicated above, in principle the out-of-order deciphering of PDCP PDUs could be supported by implementation also with LTE model, however, the current PDCP/RLC design is ill-suited for exploiting such operation. RLC concatenation and (re-)segmentation complicate this to be achieved as there can be multiple PDCP PDUs within RLC PDU with one or more PDCP PDU segments.

	Qualcomm
	Agree with Nokia’s comments above.

The spec should allow a simple proprietary implementation to allow out-of-order deciphering.

The current LTE U-plane requires frequent memory accesses due to passing packets back and forth between PDCP and RLC to achieve proprietary out-of-order deciphering.



	ITRI
	Considering that PDCP and RLC may locate in different physical entities (e.g., PDCP in CU and RLC in DU), we think it is not a good method to pass the data back and forth between RLC and PDCP.

	Huawei, HiSilicon
	We should not confuse modeling in specifications as required implementation. The specs do not require implementation to pass back and forth of packets from memories for deciphering. As long as the specifications allow sensible implementation to support interoperability, it is not a good practice to require the modeling in specifications to math certain proprietary implementation.

	LG
	The specification will not allow out-of-order delivery of RLC SDU from RLC to PDCP. However, there will be no issue in deciphering out-of-order PDU in PDCP.

	CATT
	We agree with Nokia and Qualcomm, plus as mentioned above, on the network side with CU/DU split, no proprietary solution seems feasible.

	MediaTek
	Agree with Ericsson.

	ZTE
	Agree with Nokia’s comments.

	TCL
	Agree with Ericsson. We think the benefit is also depending on the kind of application and higher layer QoS and protocols associated to the bearer. Out-of-sync reordering performance is linked to FTP window parameters for instance.

	Intel
	We agree with Nokia’s comments.

It should be noted that proprietary implementation actually violates current LTE RLC specification which explicitly requires in-sequence delivery. If it is seen as necessary to allow out-of-order deciphering, we prefer to support it explicitly instead of allowing proprietary implementation.

As to Ericsson’s comment on additional memory access, we believe that on the contrary out-of-order deciphering may require fewer memory access depending on the implementation.   
Regarding keeping tracking of the packets, we don’t think there is any complexity increase.

	Samsung 
	The out-of-order deciphering can be supported in implementation without specification change. 
If RLC and PCDP share a buffer to early decipher out-of-order PDCP PDUs and we have a separate hardware engine for deciphering by implementation, then the out-of-order deciphering would be feasible. No need for RLC layer to pass PDU to PDCP layer for deciphering and get back the deciphered data for reordering. Moreover, in case of DC split bearer, current LTE PDCP already supports out-of-sequence deciphering before PDCP reordering.

	NTT DOCOMO
	It will be hard to have common understanding on the the proprietary implementation to allow out-of-order deciphering since it depends on how RLC and PDCP are implemented. As commented by companies, the current LTE might have not considered deciphering out-of-order PDU in PDCP. But, we need to investigate why the current L2 is hard to allow it before going to the discussion on solution. 


In [3], another motivation to remove RLC layer reordering is to support URLLC use case in multi-connectivity when SDU is duplicated to improve the reliability. 

	Question 5: Companies are invited to provide their views on whether it is beneficial to remove RLC reordering to support URLLC use case in multi-connectivity.

	Company
	Comments

	Ericsson
	We agree that in case data is duplicated for a split bearer, it is beneficial that RLC delivers out-of-order to PDCP.

But as said, if this should be supported then Option A should not be adopted. Also since the two underlying RLC entities may segment in different ways may not be possible to reassemble segments sent on different legs anyway.

	Nokia
	URLLC could be just one use case where the SDU duplication/multicasting could be utilized, the same could be applied, e.g., for RRC messages to improve robustness.

	Qualcomm
	Agree RLC reordering removal is useful for improving reliability.

	ITRI
	We agree that it is beneficial to remove RLC reordering to support URLLC use case in multi-connectivity when SDU is duplicated to improve the reliability.
On the other hand, we think performing PDU segment level reordering in the lowest L2 sublayer will not have effect on this case.

	Huawei, HiSilicon
	LTE RLC can already be configured in UM mode. The enhancement envisioned for URLLC is about the support of DC (or multi-connectivity in more general term) with RLC UM mode. The difficulty of having DC with RLC UM in R12 came from ROHC operation in PDCP. That is, the issue is about the operation at PDCP, not at RLC.

	LG
	It has not been discussed yet the duplication transmission for reliability. So, we would like to avoid to consider the gain of removing RLC layer reordering in connection with the duplicated transmission here. However, we think it would be beneficial to remove RLC reordering for URLLC.

	CATT
	We also share the view that single and central reordering has benefits in the case of bearer duplication in multiconnectivity [see also R2-164802]. We agree with Ericsson that in this case, each RLC entity in each leg will likely segment PDCP PDUs in different ways, but that should not preclude the central reordering and reassembly to pick the earliest received segments (or fraction of) from each leg to reassemble a PDU. Each segment needs to come with its offset from PDU origin and length, independently of the originating leg. We actually think this is a key aspect for allowing PDU segments reordering in central PDCP. Having the segments available in central PDCP, it seems logical to also leave the possibility to decipher those.

	MediaTek
	For URLLC usage scenario, we agree that it makes sense to deliver PDCP PDUs as soon as they become available at RLC.

	ZTE
	Considering the latency requirement given in 38.913 for URLLC, we don’t think the packet duplication in PDCP is really beneficial for URLLC.

	Intel
	We agree it is beneficial to remove RLC reordering to improve reliability.

	Samsung
	Agree with Huawei to a certain extent. Data duplication would be helpful to improve reliability and could still be supported in LTE RLC, i.e. RLC UM mode.

	NTT DOCOMO
	Considering URLLC, we think that duplicated transmission can be one of the solutions to achieve the reliable transmission. However, we are wondering why PDCP should be assumed as anchoring layer. We first need to study how and which layer should be responsible for the duplicated transmission for reliable transmission. Also, from very low latency point of view, if we assume the current RLC-AM, RLC RTT should be very small to allow very fast L2 retransmission anyway such that missing packet can be received as soon as possible. Otherwise, the very low latency and reliable transmission will not be achieved. 


With respect to reassembly, there were concerns that there might be cross layer interaction at the receiver side with single reordering, since reassembly is done in a different layer from reordering [8]. On the other hand, it was also pointed out in [4] and [5] that there are no such interaction with single layer reordering. It seems that the concerns might be mainly related to option A, but companies are encouraged to provide views on both options if possible.
	Question 6a: Companies are invited to provide their views on whether there is cross layer interaction regarding reassembly for Option A.

	Company
	Comments

	Ericsson
	As described for Q2, RLC shall only deliver complete PDCP PDUs to PDCP, not segments. Option A is not feasible.

	Nokia
	Cross layer interaction can be dealt with if taken into account from the start. However, as commented earlier, we do not see any benefit in allowing PDCP segments to be delivered to the PDCP layer: only complete PDCP PDUs should.

	Qualcomm
	The only change required is RLC internally identifies RLC PDU using PDCP SN. In operation PDCP and RLC do not have to exchange any control information.

	ITRI
	In Option A, reassembly of PDU segments is performed in PDCP layer. If segmentation is performed in a layer lower than PDCP, cross layer interaction is needed to let PDCP layer know how to reassemble PDU segments. For example, If segmentation information is added in PDCP header, then the lower layer has to revise PDCP header when performing segmentation. If segmentation information is added in the lower layer header, then PDCP layer has to obtain the segmentation information from the lower layer header when performing reassembly.

	Huawei, HiSilicon
	We don’t see benefit of delivering PDU segments to PDCP. Yet, supporting it needs to have many corners be cut.

	LG
	In Option A, cross-layer interaction is expected if RLC TX segments PDCP PDUs and PDCP RX reassembles PDCP PDU segments.

	CATT
	With Option A, cross-layer interaction means that PDCP receiver understands RLC header. It is enabled by PDCP and RLC speaking the same language regarding segments identification: SN, offset and length. We don’t see this as a big issue, on the contrary, it provides a unified and leg-independent segment identification that is understood at different levels of the L2 stack and also applies indisctinctly to re-segments. It also leaves the opportunity for PDCP to segment SDUs in case of PDCP-ARQ retransmissions, reusing the same identification (header) format.

	MediaTek
	If reassembly is done by PDCP and segmentation is done at a different layer, then cross-layer interaction seems inevitable if PDCP receives segmented PDUs. In our understanding, the benefits of such processing have not been persuasively argued.

	ZTE
	Agree with Ericsson and Nokia that RLC shall only deliver complete PDCP PDUs to PDCP.

	TCL
	We agree with MediaTek. We would like to avoid cross-layer interactions.

	Intel
	For option A, in the transmitter side RLC performs segmentation and in receiver side, PDCP performs reassembly. At receiver side, when RLC layer passes the PDU segment to PDCP layer, it also passes the segmentation information (e.g. segmentation offset, last segmentation flag) to PDCP layer, so reassembly can be done properly. There is slight cross layer operation but there is only minimal complexity increase.

	Samsung
	PDCP would require segment-related information to somehow reassembly PDU segments, i.e. cross layer interaction could be needed. As described in Q2, Option A doesn’t seem to work and we don’t see any benefit from this.

	NTT DOCOMO
	We agree with MediaTek.


	Question 6b: Companies are invited to provide their views on whether there is cross layer interaction regarding reassembly for Option B.

	Company
	Comments

	Ericsson
	RLC operates only based on information in the RLC header and PDCP operates only based on information in the PDCP header. If an implementation chooses to perform de-ciphering of PDCP PDUs before those are all in the correct order, the RLC layer would have to inform the PDCP receiver about the position of this PDCP PDU in the memory and indicate that it is only for deciphering but not yet for delivery. But no inter-protocol control information needs to be exchanged. 

	Nokia
	For Option B we can assume independent PDCP and RLC layers. RLC can base the reassembly function on RLC header while PDCP can base the reordering function on PDCP SN → no cross layer interaction issues.

	Qualcomm
	No interaction is needed for option B.

	ITRI
	In Option B, reassembly of PDU segments is performed in RLC layer. If segmentation is performed in a layer lower than RLC, cross layer interaction is needed to let RLC layer know how to reassemble PDU segments. 
We believe that performing segmentation in the lowest L2 sublayer may minimize the needed real-time processing in the transmitter side. If so, in order to minimize cross layer interaction regarding reassembly, we prefer to perform reassembly in the lowest L2 sublayer.

	Huawei, HiSilicon
	Option B can be done without cross layer interaction. But we wonder what would be the benefit of option B – even with single connectivity, reordering has to be done twice in both PDCP and RLC, in sequence; i.e., PDU reordering needs to be done after PDU segment reordering is finished.

	LG
	In Option B, no cross-layer interaction is expected.

	CATT
	In principle, no interaction seems needed for option B. Details are FFS.

	MediaTek
	Agree with others that there is no cross layer interaction with Option B.

	ZTE
	No interaction is needed for option B.

	TCL
	Same answer as question 6a.

	Intel
	There is no cross layer interaction in option B since reassembly is done in RLC layer.

	Samsung
	Option B doesn’t require cross-layer interaction but we don’t see any benefit from this.

	NTT DOCOMO
	We agree with Ericsson


In current LTE, for RLC AM, ARQ is performed in RLC layer to handle the missing packets which cannot be handled by HARQ. 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. For single reordering, questions were raised on how ARQ can be supported while reordering is done in PDCP.

	Question 7a: Companies are invited to provide their views on how ARQ (performed in RLC layer) is supported together with option A (where reordering is only performed in PDCP layer).

	Company
	Comments

	Ericsson
	As described for Q2, we believe that RLC shall only deliver complete PDCP PDUs to PDCP, not segments. Option A would basically imply that the RLC receiver delivers every received RLC PDU to higher layers unless it has provided it to higher layers before (duplicate detection). Based on the RLC header information the PDCP receiver would re-order the RLC PDUs and then re-assemble the PDCP PDUs from the RLC PDUs. As can be seen, this part of the procedure is actually RLC functionality and it even operates based on RLC PDU header information! Therefore, we do not consider this as “PDCP reordering”. As explained above, this step would need to be handled independently for each underlying RLC entity (in case of DC), i.e., a PDCP receiver entity would also need a sub-entity handling the separate “RLC legs”.

For these reasons, we consider it an inferior design to include RLC reordering/reassembly functionality into PDCP.

	Nokia 
	We do not see how this essentially implies any change in ARQ operation (if similar is intended/assumed here). RLC can do book-keeping of SNs received even though the SDUs are forwarded to upper layers as they are received (PDCP).

	Qualcomm
	ARQ can be performed based on PDCP SN. At Rx side, RLC can track the packets and segments based on the PDCP SN, and delivers the packet to PDCP immediately for reordering. RLC may provide segment information to PDCP for segment reordering.

	Huawei, HiSilicon
	If reordering is not performed at RLC, RLC can’t know if a packet is lost when out-of-order packets are received. Hence, RLC can’t generate status report for transmitter to properly perform retransmission.

ARQ performance would be inferior due to extra latency, as the status report and retransmission need to be handled at PDCP. This performance degradation is determined by the backhaul delay between the entity hosting PDCP and the entity hosting RLC. This performance degradation is present for DL of all kinds of connections, whether single connectivity or multi-connectivity, when there is non-ideal backhaul present. This performance degradation can’t be compensated by UE implementation.

	LG
	In Option A, we think it is reasonable to perform ARQ and reordering in the same layer, i.e., PDCP, based on PDCP SN. We don’t see any need for keep RLC only to perform ARQ separately

	CATT
	The most straightforward ARQ location with Option A is in the PDCP layer, along with the data reordering. However data reordering in PDCP does not preclude ARQ being configured in RLC. ARQ works on control information, not actual data, so it does not need the payload part of the segments that can be forwarded to PDCP for reordering. RLC only keeps track of the received segment headers (book keeping) to implement ARQ timer and window

	MediaTek
	ARQ should be handled by the layer doing the segmentation. We expect that with option A, either the RLC or MAC will perform the segmentation function and use either RLC or PDCP SNs for ARQ purposes. Such a design does imply a significant amount of cross-layer interaction and needs to be well justified.

	ZTE
	Agree with Ericsson.

	TCL
	We agree the ARQ should be handled by the layer doing the segmentation. This would be similar functional split between HARQ and Mac-hs reordering in UMTS for instance.

	Intel
	We agree with Nokia that there is no essential change to ARQ function as RLC layer can still perform book-keeping on SNs.

	Samsung
	Agree in general with Ericsson. To enable ARQ in RLC, PDCP somehow incurs unnecessary cross layer interaction with RLC, which are not preferred. 

	NTT DOCOMO
	We agree with Ericsson. 


	Question 7b: Companies are invited to provide their views on how ARQ (performed in RLC layer) is supported together with option B (where PDU level reordering is done in PDCP layer and segment level reordering is done in RLC layer).

	Company
	Comments

	Ericsson
	The current LTE RLC receiver performs SDU delivery only in-sequence. If (and only if) the RLC receiver obtains the RLC PDU at the lower window edge (VR(R)), it needs to verify whether it may deliver one or more SDUs to higher layers, i.e., an SDU that was comprised in the RLC PDU(s) at the lower window edge. If this is not the case, the receiver does not need to parse the remainder of the ARQ window for deliverable SDUs. Also, if the RLC receiver obtains a PDU with a sequence number other than VR(R), it does not even need to execute the SDU delivery. As can be seen, the RLC AM receiver can be simplified due to the tight inter-connection of ARQ window handling and SDU delivery. 

Nevertheless, it is also possible that the RLC ARQ receiver delivers completely received RLC SDUs (PDCP PDUs) even if preceding SDUs are still pending. To do so, the receiver would need to check for each received PDU whether one or more SDUs may now be delivered. To do so, it needs to “look back” in the ARQ window to the beginning of the SDU that is in the beginning of the received PDU. And it needs to search for the end of the last SDU contained in this RLC PDU. If it finds any complete SDUs, it may deliver them to the higher layer. A consequence of this procedure is that there will be “delivered” SDUs inside the ARQ window. Hence, the RLC receiver needs to remember which SDUs within the ARQ PDU window it has already delivered and avoid delivering them again upon a subsequent PDU arrival. 

Conclusion: Option B could be implemented without strong inter-layer dependencies. However, we consider it as a complication rather than a simplification and RAN2 should consider this option only if strong arguments speak in favor of it. 



	Nokia 
	We do not see how this essentially implies any change in ARQ operation (if similar is intended/assumed here). RLC can do book-keeping of SNs received even though the SDUs are forwarded to upper layers as they are received (PDCP).

	Qualcomm
	Agree with Nokia

	ITRI
	We agree with Ericsson that in Option B the RLC receiver would work in a complicated way due to the decoupling of ARQ window handling and SDU delivery. One possible way to simplify the RLC receiver operation is to have 1-to-1 mapping between RLC PDU and RLC SDU (i.e., remove segmentation and reassembly from RLC).

	Huawei, HiSilicon
	As already commented for question 6b, we don’t see benefit of option B – even with single connectivity, reordering has to be done twice in both PDCP and RLC, in sequence; i.e., PDU reordering needs to be done after PDU segment reordering is finished.

Hence, Option B would suffer even more performance degradation than option A, which already suffers the DL performance degradation due to the backhaul latency between the entity hosting PDCP and the entity hosting RLC, as explained for question 7a. And this performance degradation can’t be compensated by UE implementation.

	LG
	In Option B, we think it is reasonable to perform ARQ and PDU level reordering in the same layer, i.e., PDCP, based on PDCP SN. We don’t see any need for keep RLC only to perform ARQ separately. However, PDU segment level reordering could be placed in lower L2 layer.

	MediaTek
	Assuming that option B can be supported by implementation rather than a spec. change, we see no spec. impact for supporting ARQ.

	ZTE
	Agree with Nokia.

	TCL
	Agree with MediaTek.

	Intel
	We agree with Nokia that there is no essential change to ARQ function as RLC layer can still perform book-keeping on SNs.

	Samsung
	As described in Q2, Option B can be performed by implementation under current specifications but we don’t see any benefit from this.

	NTT DOCOMO
	Considering segmentation in RLC, RLC will anyway support ARQ as for LTE today. But, in that sense, we are wondering what will be the benefit to change reordering function as Option B. 


During online discussion in RAN2#85 meeting, there were comments that for single reordering, there might be additional latency due to backhaul delay. However, this aspect needs further discussion. It seemed that the argument is mainly related to DC split bearer. However in LTE DC split bearer, PDCP layer also performs reordering. Therefore it seems that there is no impact from single reordering in this aspect.

	Question 8: Companies are invited to provide their views on whether there is additional latency for single reordering due to backhaul latency.

	Company
	Comments

	Ericsson
	We tend to agree with the rapporteur that the placement of re-ordering (option B above) in PDCP would not cause additional latency. As explained, for Dual Connectivity, the reordering timer needs to be dimensioned for the X2 delay anyway. 

However, it should be noted that it is absolutely essential to keep the ARQ functionality at the RLC layer, i.e., avoid spanning it across the X2 interface. If one would do so (as done in UMTS), the RLC timers and parameters would need to cope for the X2 latency and hence the error recovery would become much slower and less responsive… or generate overhead, spurious retransmissions and possibly congestion. 

	Nokia
	We agree with the rapporteur input above – no impact is foreseen.

	Qualcomm
	There is no additional delay to perform reordering at highest layer.

	ITRI
	We agree with the rapporteur that there is no additional latency for single reordering due to backhaul latency.

	Huawei, HiSilicon
	Single reordering at PDCP would incur additional latency for single connectivity, when there is non-ideal backhaul between the entity hosting PDCP and the entity hosting RLC. This means larger buffering requirement at UE.

Single reordering at PDCP leads to the consequence that ARQ retransmission can’t be performed at RLC. Hence, ARQ operation will suffer additional backhaul delay, for all kinds of connections, whether single connectivity or multi-connectivity. And the resultant performance degradation can’t be compensated by UE implementation.

	LG
	We see no additional delay with single reordering due to backhaul latency.

	CATT
	The single reordering can only bring latency benefits.

@ Ericsson, regarding ARQ: DC was designed to address connectivity to two nodes connected via non-ideal backhaul. Similarly, multiconnectivity in NR, where a bearer is split or duplicated across multiple legs, is expected to address connectivity to multiple TRPs with non-ideal backhaul/fronthaul interconnect. Since the scope of this email is PDCP and RLC, the fronthaul latency is actually what matters. Non-ideal backhaul was defined in TR36.932 as any latency larger than 2.5us. We believe that, by 2020, a large range of wireless backhaul/fronthaul products (even NLOS) will enable, although still “non-ideal”, quite short latency performance, namely in the ms range. With such performance, we don’t see that the fronthaul would become the primary bottleneck to the ARQ latency, if configured in PDCP.

	MediaTek
	We agree with Ericsson that ARQ should not occur over X2.

	ZTE
	Agree with Ericsson that single reordering will not cause additional delay, but signal retransmission (in PDCP) will.

	Intel
	We don’t see additional latency due to backhaul delay.

	Samsung
	We also agree with the rapporteur. No additional latency for single reordering due to backhaul latency.

	NTT DOCOMO
	We think that this aspect may not be limited to case of split bearer but in general be applicable for the case that PDCP and RLC are located in the separate nodes which are connected with non-ideal backhaul. Specifically, as Huawei commented if we assume ARQ only in PDCP and CU-DU functional split between RLC and PDCP, the additional delay due to non-ideal backhaul should be considered in ARQ loop even for single connectivity, which may be result in more buffer requirement in UE. However, it needs to be investigated how severe the additional latency will be compared with the current RLC RTT, e g., a few tens of milliseconds.


In [8], it was noted that if RLC reordering is not supported in NR, a new flow control mechanism is required for NR DC. 

	Question 9: Companies are invited to provide their views on whether there is impact on flow control for single reordering in NR DC.

	Company
	Comments

	Nokia
	The DC FC is applied for DL data, it is hard to see how it would matter (wrt. FC) whether the UE would do reordering in RLC or PDCP layer.

	Qualcomm
	1. Reordering should not interfere with flow control or ARQ (see comments for question 7).

2. A proper flow control and scheduling mechanism is required for DC even when RLC reordering presents for good TCP performance.

	ITRI
	As the discussion in Q7b, we think that the ARQ still works even if PDU level reordering is done in PDCP layer. So we think SeNB is still able to provide the flow control information to the MeNB for the MeNB to control the downlink user data flow to the SeNB.

	Huawei, HiSilicon
	In LTE DC, SeNB sends feedback to MeNB for flow control. The feedback includes the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB. Reordering and ARQ at RLC assures that SeNB knows the highest PDCP PDU SN number successfully delivered. Single reordering at PDCP takes away the means for SeNB to determine the highest PDCP SN of the successfully delivered PDCP PDU. Hence, DL flow control mechanism would not work anymore, e.g., for LTE-NR aggregation.

	LG
	Flow control and PDU level reordering seem not relevant to each other.

	MediaTek
	It is not clear that a new flow control mechanism is needed.

	ZTE
	Do not see any impact on the flow control.

	Intel
	We agree with Nokia that flow control is for DL data in DC, therefore there is no impact from reordering operation in UE. 

As to Huawei’s comments, our understanding is that SeNB derives highest PDCP PDU SN number successfully delivered based on RLC status report. We don’t expect any change for ARQ in RLC layer, therefore we don’t think there is any impact on flow control.

	Samsung
	The flow control doesn’t seem to be required since single reordering somehow supports in-sequence delivery but needs to further study.

	NTT DOCOMO
	It may be hard to discuss it before the overview of the NR L2 is clear. 


In addition, any other benefits or impacts identified for single reordering can be provided below.

	Question 10: Companies are invited to provide analysis on any other benefits of single reordering

	Company
	Comments

	Nokia
	We would like to point out that in our view, having the two reordering in RLC and PDCP was more the result of successive (and sometimes unfortunate) decisions than a design goal. Indeed, while the work for RLC quickly progressed, PDCP saw major changes in successive RAN2 meetings before the completion of Rel-8: first a reordering window at handover was agreed [36.323v810], then it was changed to “duplicate discard window” at handover [R2-082876] and finally it was agreed to apply the behaviour always and remove the flush_timer [R2-086314].

Now that we do not have the Rel-8 time constraints, we have a chance to take a step back and consider both PDCP and RLC operation together to ensure something more efficient and streamlined.

Having re-ordering in PDCP only increases flexibility for implementation, relaxes processing requirements and makes duplication a viable mean to increase reliability.

	Qualcomm
	We agree with Nokia. 

	ITRI
	We agree with Nokia

	Huawei, HiSilicon
	We see single reordering may be beneficial for some use cases, e.g., URLLC. Even so, it doesn’t require major changes in RLC, as it can be accomplished by RLC UM. In many more scenarios, DL throughput matters more to network performance and UE experience. In those cases, single reordering would cause systematic limitation, that can’t be compensated by UE implementation.

	LG
	Reordering should be performed only once in the most upper L2 layer and there is no motivation to have a redundant reordering function in lower L2 layer. The benefit of removing reordering in RLC is clear that latency and processing load are reduced.

	CATT
	We agree with Nokia

	Intel
	We agree with Nokia. 

As to Huawei’s comments on the impact to DL throughput from single reordering, it is not clear why there is such impact, and more clarification/analysis is needed.


	Question 11: Companies are invited to provide analysis on any other issues with single reordering.

	Company
	Comments

	Huawei, HiSilicon
	Not allowing reordering and ARQ at lowest possible layer, like RLC, can be problematic for future support of UE relay, multi-hop access, etc., as it lacks the forward compatibility for segment-by-segment link quality management.

	LG
	Double PDU level reordering should be avoided because it only increases PDCP processing load and latency. After RAN2 agree to remove PDU level reordering from RLC, we can discuss further where to place the PDU segment level reordering.

	ZTE
	Considering the cooperation between LTE PDCP and NR “RLC” in the LTE/NR tight interworking with LTE as MeNB, the single reordering may lead to some impact on the LTE PDCP as well.

	Intel
	Regarding Huawei’s comment, Intel’s preference is to still keep ARQ in RLC layer, therefore there is no issue for link quality management.

	NTT DOCOMO
	We agree with ZTE that single reordering may bring some problem in case of LTE-NR DC while it will possibly make L2 simpler than today.


3 Summary and proposals
There are 13 companies participating in the email discussion. In addition to current LTE model (reordering performed both in RLC and PDCP layer), two options on reordering were also discussed:
· Option A: reordering is only performed in PDCP layer ([2-5].

· Option B: in RLC layer, reordering is only performed for PDU segments. PDU level reordering is performed in PDCP layer ([6-7]). 

As company replies to several questions are related to each other, the summary below is provided by aggregating company replies from several questions if needed.
Impact from reordering at RLC
· Deciphering

· Impact on latency and/or processing requirements related to deciphering (Question 1, 3, 4): 7 companies (Nokia, Qualcomm, ITRI, LG, CATT, ZTE, Intel) think there is such impact. While 7 companies (Ericsson, Huawei/HiSilicon, MediaTek, ZTE, TCL, Samsung, NTT DOCOMO) think that current LTE specification does not prevent implementation from out-or-order deciphering of PDCP PDUs, 5 companies (Nokia, Qualcomm, CATT, ZTE, Intel) think there are additional issues with proprietary implementation (e.g. ill-suited for the operation, RLC header, protocol layer violation, CU/DU split). 
· Regarding whether current PDCP/RLC header structure allows out-of-order deciphering of PDU and PDU segments (Question 3), 10 companies (Ericsson, Nokia, ITRI, Huawei/HiSilicon, LG, CATT, ZTE, Intel, Samsung, NTT DOCOMO) think out-or-order deciphering for PDU is allowed, and 12 companies (Ericsson, Nokia, Qualcomm, ITRI, Huawei/HiSilicon, LG, CATT, ZTE, TCL, Intel, Samsung, NTT DOCOMO) think that out-of-order deciphering for PDU segment is not allowed (except for the 1st segment).

· A related question is whether it is beneficial to perform out-of-order deciphering for PDU and PDU segment (Question 2). For out-of-order deciphering of complete PDU, 8 companies (Nokia, Qualcomm, ITRI, CATT, ZTE, TCL, Intel, Samsung) think it is beneficial while 2 companies (Huawe/HiSilicon, MediaTek) think it is implementation issue. For out-of-order deciphering of PDU segment, 3 companies (Qualcomm, CATT, Intel) think it is beneficial while 8 companies (Ericsson, Nokia, ITRI, Huawei/HiSilicon, MediaTek, ZTE, TCL, Samsung) don’t think it is beneficial.
· Impact from RLC reordering to support URLLC (Question 5): 8 companies (Ericsson, Nokia, Qualcomm, ITRI, LG, CATT, MediaTek, Intel) think it is beneficial to remove RLC reordering for URLLC, 2 companies (Huawei/HiSilicon, Samsung) thinks that RLC UM mode can be used for the use case. 1 company (ZTE) doesn’t think packet duplication in PDCP is beneficial for URLLC. 1 company (NTT DOCOMO) suggests to study how and which layer should be responsible for the duplicated transmission for reliable transmission.
In summary, for the current RLC reordering:

· For deciphering, most companies agree that if RLC reordering and in-sequence delivery is strictly followed according to current LTE specification, there is impact on latency and/or processing requirements related to deciphering. However, companies have different views on whether out-of-order deciphering should be left to implementation, or RLC reordering should be explicitly removed from specifications. 
· Most companies see the benefit of removing RLC reordering to support URLLC.

Impact from removing RLC reordering (applicable for both option A and B)
· Additional latency for single reordering due to backhaul latency (Question 8): 9 companies (Ericsson, Nokia, Qualcomm, ITRI, LG, CATT, ZTE, Intel, Samsung) think that placement of re-ordering does not cause additional latency, while 2 companies (Huawei/HiSilicon, NTT DOCOMO) think that there is additional latency with single reordering if there is non-ideal backhaul between the entity hosting PDCP and the entity hosting RLC. Two companies (Ericsson, MediaTek) think that ARQ should not occur over X2.
· Flow control for single reordering in NR DC (Question 9): 1 company (Huawei/HiSilicon) thinks there is impact, 1 company (NTT DOCOMO) thinks it is difficult to discuss the issue before NR L2 is clear, while 8 companies (Nokia, Qualcomm, ITRI, LG, CATT, ZTE, Intel, Samsung) don’t see the impact.
· Memory access (Question 4): 1 company (Ericsson) think out-of-order deciphering requires more memory access, while 2 companies (Qualcomm, Intel) think there are more memory access from current LTE model (in-sequence delivery).

· Other impacts (Question 10 and 11): 2 companies (ZTE, NTT DOCOMO) see the impact on LTE/NR interworking, 1 company (Huawei/HiSilicon) thinks there is issue if reordering and ARQ is not in the same layer, and there is systematic limitation from single reordering.
Impact from Option A
· Cross layer issue regarding reassembly (Question 6a): 10 companies (Ericsson, Nokia, ITRI, Huawei/HiSilicon, LG, MediaTek, ZTE, TCL, Samsung, NTT DOCOMO) think there is cross layer issue, while 3 companies (Qualcomm, Intel, CATT) think there is minimal impact or cross layer interaction regarding option A.

· ARQ support in option A (Question 7a): 5 companies (Ericsson, Huawei/HiSilicon, ZTE, Samsung, NTT DOCOMO) think there is issue in option A to handle ARQ, while 7 companies (Nokia, Qualcomm, Intel, LG, CATT, MediaTek, TCL) think that ARQ can performed in option A.
· Performance degradation (Question 7a): 1 company (Huawei/HiSilicon) thinks there is performance degradation in option A.

Impact from Option B
· Cross layer issue regarding reassembly (Question 6b): 13 companies (Ericsson, Nokia, Qualcomm, ITRI, Huawei, LG, CATT, MediaTek, ZTE, TCL, Intel, Samsung, NTT DOCOMO) think there is no cross layer issue in Option B.

· ARQ support in option B (Question 7b): 2 companies (Ericsson, ITRI) think option B complicates ARQ operation, while 6 companies (Nokia, Qualcomm, ZTE, Intel, LG, NTT DOCOMO) think that ARQ can performed in option A.

· Performance degradation (Question 7b): 1 company (Huawei/HiSilicon) thinks there is performance degradation in option B.

· In general, 3 companies (MediaTek, TCL, Samsung) think that option B can be supported by implementation, 3 companies (Huawei/HiSilicon, Samsung, NTT DOCOMO) do not see the benefit of option B. 
In summary, for the impact from removing RLC reordering, following is the majority view:
· There is no additional latency for single reordering due to backhaul latency.
· There is no impact on flow control for single reordering in NR DC.
· There is cross layer issue regarding reassembly for option A (PDCP performs reordering for both PDUs and PDU segments).
· There is no cross layer issue regarding reassembly for option B (PDCP performs reordering for PDUs, and RLC performs reordering for PDU segments).
There is slightly majority view that there is no issue to perform ARQ in RLC in option A and B.
Companies have different views on the following when RLC reordering in removed:

· Whether there is additional memory access when RLC reordering is removed.
· Each impact below was observed by one or two companies:
· LTE/NR interworking
· Systematic limitation, performance degradation
For the options proposed to remove RLC reordering, it seems that except for the cross layer interaction for option A, there is no consensus that there is impact for option A and B. 
As a starting point, it seems agreeable that RAN2 specifications should not prohibit out-of-order deciphering.

Proposal 1: Specification should not prohibit out-of-order deciphering.
It is proposed to capture in the TR the majority view regarding the impact analysis of keeping RLC reordering and removing RLC reordering.
Proposal 2:  The following text on impact analysis of keeping RLC reordering and removing RLC reordering is captured in the TR:
Impact of keeping RLC reordering:

· There is increased latency and/or processing requirements related to deciphering if RLC reordering and in-sequence delivery is strictly followed according to current LTE specification. FFS whether out-of-order deciphering should be left to implementation.

· There is latency impact on URLLC use case due to RLC reordering.
Impact of removing RLC reordering:

· There is no additional latency for single reordering due to backhaul latency.

· There is no impact on flow control for single reordering in NR DC.
· Reassembly
· There is cross layer issue regarding reassembly for option A (PDCP performs reordering for both PDUs and PDU segments).

· There is no cross layer issue regarding reassembly for option B (PDCP performs reordering for PDUs, and RLC performs reordering for PDU segments).
As a conclusion from the email discussion, it is proposed that RAN2 to further discuss whether out-of-order deciphering should be left to implementation, or RLC reordering should be explicitly removed from specifications. 
Proposal 3: RAN2 to further discuss whether out-of-order deciphering should be left to implementation, or RLC reordering should be explicitly removed from specifications.
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