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1 Introduction
This discussion is for the following issue
[103#42][LTE/V2X] PDCP operation for duplication (OPPO)

Discuss issues in R2-1812937 and make an agreeable CR if CR is required (R2-1813201, OPPO, long email discussion until next RAN2).

Intended outcome: Report submitted to next meeting and agreeable CR if required.

Deadline: Thursday 2018-09-20

2 Discussion

2.1 Problem identification
In general, there are two types of PDCP operation mode for RX side, i.e. 

· PUSH window based operation, as shown in the left figure of Figure 1, i.e., the half sequence number (SN) space that is below the Last_Submitted_PDCP_RX_SN is seen as the outdated packets, i.e., would be discarded.

· PULL window based operation, as shown in the right figure of Figure 1, i.e., the half sequence number (SN) space that is above the Next_PDCP_RX_SN is seen as the new packets, i.e., would be stored and submitted.
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Figure 1 PUSH window (left) and PULL window (right) operation for PDCP

In TS 36.323 section 5.1.2.1.4, which is applied to SLRB duplication reception, the result of the following operations causes the operation to be a PUSH window type operation, i.e., the packets with SN which are within the half sequence number (SN) space that is below the Last_Submitted_PDCP_RX_SN would be discarded

-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
<Text Removed>

   -
discard the PDCP PDU;
Observation 1 The current PDCP behaviour for SLRB duplication reception is a PUSH-window type operation, so that packet within half-SN-space below Last_Submitted_PDCP_RX_SN would be dropped directly.
Essentially, PUSH window can be used only if there exists feedback from RX UE, because the TX side would restrict the transmitted packet to be within half-SN-space TX window above Last_Submitted_PDCP_RX_SN. However, considering V2X does not have feedback at access layer, the half-SN-space limitation cannot be secured. As shown in Figure 2, the issue is whether the packet should be seen as new packet or outdated packet. 
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Figure 2 A newly arrived packet below Last_Submitted_PDCP_RX_SN
Currently, they are treated as outdated packets are discarded. It is reasonable if considering the lower bound of RX window, i.e., Last_Submitted_PDCP_RX_SN, would move when the packets are received, or after the re-ordering timer expires - an outdated packet may arrive after the movement of Last_Submitted_PDCP_RX_SN, if the radio link quality of one duplicate leg is worse than the other leg, and thus the scheduling latency causes some imbalance between the two legs. 

However, it might not be always the case, because without feedback at AS layer, the TX UE may just keep sending out packets regardless of the reordering window status at RX UE. For a TX vehicle which met a RX vehicle at one road but later left, the RX window would not further move until the two vehicles meet each other again. When they meet each other again, it is possible that the new packet arrives outside of the RX window.

Q1: Do you agree the above problem needs to be solved, i.e., the packet with SN in the half-SN-space below Last_Submitted_PDCP_RX_SN may be discarded by mistake?

· Yes

· No (if this option is selected, please clarify how to avoid the packet dropping when it is within the half-SN-space below Last_Submitted_PDCP_RX_SN)

	Company
	Option
	Comment

	OPPO
	Yes
	

	Qualcomm
	Yes
	

	Samsung
	
	We don’t share the view on push window since this problem can be avoided by configuring an appropriate value of t-reordering timer, i.e. larger value. If there is a big imbalance between two legs, PDCP discard function will discard the buffered PDUs. Moreover, in NR, such additional function does not exist.
But we may share the latter issue i.e., discard of the first received PDCP PDU not associated with the PDCP SN 0.

	ASUSTeK
	
	Without any simulation results, we think it’s hard to conclude whether the situation of newly received packets out of the re-ordering window due to no feedback at AS layer will occur often or rare because it may depend on the reordering window size, length of t-Reordering, packet rate, radio condition/packet loss rate, and cell resource status, etc.

But, we share the same view as Samsung that the latter issue (i.e. discard of the first received PDCP PDU not associated with the PDCP SN 0) should be handled.

	Intel
	
	While it might be desirable to address this issue, due to inherent lack of feedback and the transitory nature of V2X communication in general, the assumption of two V-UEs having a gap in communication during which the TX/RX become misaligned by more than half-SN-space (as pointed out by email rapporteur) does not seem very realistic. Therefore, in our view, solving this issue does not seem very critical at this juncture.

	Ericsson
	
	We share the previous views that this issue does not seem to be critical, since it addresses a corner case with two UEs having a long gap in sidelink communication. If this happens, the UE can simply assume that this newly received packet in the other half-SN space is part of a new sidelink PDCP session for which a new reordering procedure can be initiated, i.e. similar to the Uu PDCP-reestablishment procedure. 

In any case, by that time, the t-reordering timer is already expired, and all the old packets have been already delivered to upper layers, so this issue should not have any implications on the packets already received.

	LG
	Yes
	The first PDCP PDU can be located in out of window so it can be discarded. Thus, we need to handle it. 

	ZTE
	Yes
	

	Nokia
	
	It can happen, but – as indicated above by e.g. Intel – does not seem to represent a typical scenario, rather a corner case…

	Huawei
	
	We also have the feeling that the issue to be addressed by this question may not be that critical and appears to be a rare case. Moreover, if we really focus on the case that two vehicles leave each other first and meet again after a relative long period of time, we also think that the UE at the Rx side might have already re-estabilished/reset corresponding PDCP entity, as indicated by Ericsson, since the configuration of PDCP entity in sidelink should be up to UE. Thus the case in question does not seem to result in serious problem.

	vivo
	
	Agree with previous comments that UE implementation can handle this case.

	CATT
	
	Leave it to UE implementation

	ITRI
	
	We agree with the view of ASUSTeK, without simulation, it will be hard to conclude.


Yes: 4
No selection but commented: 8
Rapporteur Comments: Majority of companies (8 of 12) do not tend to see this is a serious problem, i.e., the the misalignment between TX and RX would be larger than half-SN-space (based on the response to Q3, at least for the non-initial state). In other words, before this large-gap issues happens for non-initial state, UE may already re-establish / release the PDCP entity and fall back to initial state, and thus one just needs to solve the large-gap issue for initial state (Ericsson, Huawei).
On the other hand, since it is possible that the duplication may be de-configured as pointed out by [5], so that packet(s) with SN=0 may be received, which has to be delivered to upper layer even if SN=0 PDCP PDU has been received before (i.e., detected as duplicated packet), or if it is outside of RX window (i.e., detected as outdated packet).

Q2: Do you agree the above problem needs to be solved, i.e., the packet with SN=0 may be discarded by mistake?

· Yes

· No (if this option is selected, please clarify how to avoid the packet dropping duplication is de-configured and SN=0)

	Company
	Option
	Comment

	OPPO
	Yes
	

	Qualcomm
	Yes
	

	Samsung
	Yes
	The problem is that the receiver does not know the de-configuration of the duplication. 

	ASUSTeK
	Yes
	

	Intel
	Yes
	Since this relates to a much more frequent/likely scenario of duplication (de)-configuration, it should be solved.

	Ericsson
	Yes
	

	LG
	Yes
	

	ZTE
	Yes
	

	Nokia
	Yes
	

	Huawei
	Yes
	

	vivo
	Yes
	

	CATT
	Yes 
	

	ITRI
	Yes
	


Yes: 12
Rapporteur Comments: All the companies believe this problem should be solved.

2.2 Solution identification

To solve the issue above, different solutions are provided in [1]

 REF _Ref523209452 \r \h [2]

 REF _Ref523305663 \r \h [5].

1) To avoid unnecessary “outdated” packet discarding:

A. In [1], it is proposed that when the receiving PDCP entity receives a PDCP PDU which is the first received PDCP PDU not associated with the PDCP SN 0, the receiving PDCP entity updates the Last_Submitted_PDCP_RX_SN to the PDCP SN of the first received PDCP PDU. It tends to handle all the packets outside of RX window as new packets, and update the lower bound of RX window accordingly. This method targets at the first received packet only, and focus on the variable update on Last_Submitted_PDCP_RX_SN only.

B. In [2], it is proposed that 1) to change source layer-2 ID before PDCP SN wrap-around and 2) to use PULL window behaviour. Since there is no case for PDCP SN wrap-around (for the same source layer-2 ID), the new / outdated packets are be simply judged based on SN of the received PDCP PDU, and thus only outdated packets would be discarded. Furthermore, for the new packets, a PULL window behaviour, i.e., not limited to the first received PDCP PDU and not limited to variable update on Last_Submitted_PDCP_RX_SN only.An equivalent solution is to use the PTK Identify field, i.e., to change the PTK ID field before PDCP SN wrap-around. Please note that this non-zero PTK ID is merely to solve the SN ambiguity issue and no ciphering operation is to be used for V2X as in legacy. 
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Figure 3 New / outdated packet differentiation in [1] (left) and [2] right

Q3: if “Yes” is selected for Q1, what solution should be used to avoid unnecessary packet discarding, limited to the case that the duplication is configured?

· Option-A: as in [1], when the receiving PDCP entity receives a PDCP PDU which is the first received PDCP PDU not associated with the PDCP SN 0, the receiving PDCP entity updates the Last_Submitted_PDCP_RX_SN to the PDCP SN of the first received PDCP PDU.

· Option-B: as in [2], to change source layer-2 ID or PTK ID field before PDCP SN wrap-around and to use PULL window behaviour.

· Option-C: The UE resets the receiving PDCP entity, if the UE has not received a packet from peer UE for more than 10 minutes (based on 20ms X 32768).

· Option D: Others (if this option is selected, please clarify what the solution is in details)

· Option E: add a NOTE to clarify it is up to UE implementation to handle the packet out of the reordering window.

	Company
	Option
	Comment

	OPPO
	B or E
	Essentially, Option-A also tries to simulate a PULL window behaviour, but it is limited to the very first PDCP PDU, and the update operation is limited to a single variable of Last_Submitted_PDCP_RX_SN. From this perspective, option-B is more a general solution.

Besides, only using “PULL window” is not enough either – one cannot always assume the packet out of the re-ordering window is new packets, considering the packets may arrive out-of-sequence. So in order to differentiate between old and new packets, the possibility of SN-wrap-around is removed by using a different source address.

We also tends to see option-E as a possible compromise way-out.

	Qualcomm
	B or C
	Logically, Option A is not correct because the first received PDCP PDU may be an “out of order” one. Suppose this packet has an SN=m, it is possible that the receiver receives another packet of SN=m-1 after a few subframes, because MAC scheduling does not guarantee in-order delivery. Because the Last_Submitted_PDCP_RX_SN has already been updated to m in Option A, then the “SN=m-1” packet will be dropped. That is not correct. The correct behaviour is to adjust the “reordering window” to (m-0.5*SN,m].

An alternative option is to just reset the PDCP state after a long “silence period”. This will clean up the buffer and stale states. As a result, any new PDCP PDU with new SN numbers will not be discarded. Another advantage of this solution is that it does not rely on the “change of Source Layer 2 ID”. The problem is solved in PDCP layer itself.



	Samsung
	Option-A
	We think Option-A looks okay with further clarification about how to define the first received PDCP PDU.

We have a concern on option-B which requires update of source layer-2 ID every PDCP SN wrap-around.

	ASUSTeK
	A (with modification) 
	We support the concept of Option A. Since the RX UE starts receiving packets in the middle of a session, it is simpler to start from the first received packet and ignore packets with SNs less than that of the first received packet. Anyway, the RX UE has missed many previous packets.

But, we think modification is needed for Option-A. When receiving the first PDCP PDU with SN ≠ 0, the RX UE will detect PDCP duplication and then perform the re-ordering procedure for this PDU according to section 5.1.4 in TS36.323. If the Last_Submitted_PDCP_RX_SN is initialized with SN of the first received PDCP PDU, this PDU will be discarded in the re-ordering procedure because it is out of the re-ordering window. Therefore, we think the Last_Submitted_PDCP_RX_SN should be initialized with SN of the first received PDCP PDU - 1.

	Intel
	
	If the majority view is to solve this issue, we are ok with option B, with the condition that the relevant SA WG be consulted or at least informed that we intend to utilize the source Layer-2 ID for this purpose, i.e. avoiding unwanted packet discard.

	Ericsson
	E or A
	We agree with ASUSTek. How to set the initial value of  Last_Submitted_PDCP_RX_SN is a general issue, not necessarily related to Q1. And we believe that A is the way the UE should behave in general, because this is broadcast communication and the first received PDCP SN can be any value in the SN space. So it seems reasonable that the initial value of Last_Submitted_PDCP_RX_SN should depend on the SN of the first received PDCP PDU

However, it can be tricky to specify that a given PDCP PDU is the “first received PDCP PDU” of a PDCP session. Just a NOTE seems to be ok to minimize specification impacts.

	LG
	A
	Regarding to option A, in RLC specification (TS 36.322), similar behaviours is already specified. Additionally, we agree ASUSTeK comment, ‘Last_Submitted_PDCP_RX_SN should be initialized with SN of the first received PDCP PDU - 1.
Regarding to option C, we think the Rx PDCP entity does not receive the PDCP PDU from Tx PDCP entity during long time (e.g., 10 min), the Rx PDCP entity should be released by UE implementation. 

	ZTE
	A
	As we know, for sidelink communication, RLC UM mode is enabled to support the packet reordering at Rx side. The unnecessary packet discarding in RLC layer had been discussed in RAN2 and it was finally agreed to solve this problem by setting the VR(UR) to the SN of the first received UMD PDU. We think this mechanism could be reused for PDCP layer.

	Nokia
	A
	If we are to specify something, then Option A looks to be the most straightforward to us, considering the broadcast type of communications (i.e. Last_Submitted_PDCP_RX_SN should be assigned the SN of the first received PDCP PDU).

	Huawei
	A or E (modified)
	We are also a bit uncertain why this question is necessarily related to Q1, sharing Ericsson's view that this might be a general question to answer. Anyway, if we really want to specify something, we'd like to go for the majority's preference, i.e. option A. 
On the other hand, since this issue seems to involve only RX UE's internal behavior (not affecting Tx UE's behavior), it seems also possible for the UE itself to choose appropriate method (e.g. among option A, B,C, etc.) to deal with this issue at its own benefit. However, it may not be good to leave the whole Rx operations on "out-of-reordering window" packets to UE implementation, as there are already some texts specifying how to tackle them. Perhaps, by option E we can consider to leave only the tackling of "first received PDCP PDU not associated with the PDCP SN 0" to UE implementation.

	vivo
	E
	From our view, aforementioned ways e.g., change source layer-2 ID before PDCP SN wrap-around or reset the receiving PDCP entity can easily address the issue. However, we prefer to leave more flexibility on how UE handles the case and no need to specify the exact UE behavior. Maybe a note with some guideline is enough.

	CATT
	E
	The UE implementation as we mentioned in vivo’s comment can solve the issue

	ITRI
	A
	The concept of setting the initial value of  Last_Submitted_PDCP_RX_SN if first received PDCP PDU not associated with the PDCP SN 0. However, as it already pointed out by Ericsson and ASUSTeK, this need to be careful handle to remove any impact on broadcast mechanism.


Option-A: 8
Option-B: 2

Option-C: 1

Option-D: 0

Option-E: 5
Rapporteur Comments: Majority view (8) is to use option-A, for which there are some comments on the modification (ASUSTeK, LG, Qualcomm). For option-B, 2 companies (OPPO, Qualcomm) select this option, yet there is some concern raised on the coordination with SA2 (Intel) and complexity (Samsung). For option-C, although only one company (Qualcomm) select it explicitly, there are also some voice saying that can be used as UE-implementation-based solution (Ericsson, Huawei, vivo, CATT). For option-E, 5 companies selects this option. Considering this, the down-selection further between option-A and option-E can be further discussed. 
Proposal 1 RAN2 further discuss on selection between option-A and option-E.
2) To avoid packet discarding for PDCP PDU with SN=0:

A. [5] proposes to deliver all the stored PDCP SDUs received on the SLRB to upper layer, if the receiving UE detects successive receptions of two PDCP PDUs with PDCP SN set to “0” on the non-duplication logical channel of the SLRB, which is judged as ‘duplication is de-configured’.

B. Another alternative could be that one always delivers the SN=0 packet from non-duplication logical channel to upper layer, but does not need to deliver all the stored PDCP SDUs received on the SLRB, yet still waiting for the expiry of the re-ordering timer. 

Although it may cause redundant delivery, if PDCP SN=0 has been received from duplicated LCID already, and the PDCP SN=0 has been received from non-duplicated LCID simply as a duplication, one just leaves that as it is since it is hard to differentiate whether SN=0 PDCP PDU is for duplication or not, if it is from non-duplication LCID. 

C. One more step is to mandate the SN of duplicated PDCP PDU to start from 1 instead of 0, so that there would be no ambiguity at all, i.e., SN=0 is only for non-duplication packet and would arrive from non-duplication LCID only, and it should thus be always delivered to upper layer.
Q4: if “Yes” is selected for Q2, what solution should be used for SN=0 packets, considering the case when the duplication is de-configured?

· Option-A: as in [5], deliver all the stored PDCP SDUs received on the SLRB to upper layer, if the receiving UE detects successive receptions of two PDCP PDUs with PDCP SN set to “0” on the non-duplication logical channel of the SLRB.

· Option-B: As stated above, one always delivers the SN=0 packet from non-duplication logical channel to upper layer.

· Option-C: As stated above, one always delivers the SN=0 packet from non-duplication logical channel to upper layer, and mandate the usage of SN > 0 for duplication packet.

· Option-D: Others (if this option is selected, please clarify what the solution is in details)

	Company
	Option
	Comment

	OPPO
	B or C
	From our perspective, C is the most rigorous solution, which can fully avoid ambiguity of zero-SN packet (to judge whether it is for the duplication of the very first packet, or it is for the packet without duplication), but we also see option-B is a good candidate, since anyway the risk of unnecessary delivery is just for one packet, i.e., the duplication of the very first packet.

	Qualcomm
	C
	C is a clean solution. If duplication is used, “SN=0” needs to be skipped.

	Samsung
	C
	We think that C is the simplest solution. 

	ASUSTeK
	C (with modification)
	With Option-C, the RX UE can detect sidelink duplication de-configuration based on the SN=0 packet and avoid discarding it. But, according to section 5.1.4 in TS 36.323, the RX UE shall not perform the re-ordering procedure if sidelink duplication is de-configured. So, after sidelink duplication has been de-configured, the associated re-ordering procedure is no more applicable, neither is the re-ordering timer. Therefore, it doesn’t make sense to rely on expiry of the re-ordering timer for delivering the stored PDCP SDUs to upper layers. And thus, the RX UE should deliver the stored PDCP SDUs to upper layers when sidelink duplication is de-configured.

	Intel
	C
	

	Ericsson
	C
	C seems reasonable option. However, in our understanding, the fact that SN>0 does not necessarily mean that the transmitter is performing duplication, since PDCP SN might be different than 0 when the UE is configured with ciphering. It seems simpler to assume that the receiver shall perform reordering when SN is different than 0.

	LG
	C
	

	ZTE
	C
	

	Nokia
	C with clarifications
	So it will work, assuming only/always SN>0 is used for duplicated packet and over both LCIDs (the legacy and the one for duplication). Otherwise, how can the receiving UE correctly interpret, e.g. SN=1 coming from the ”non-duplicated LCID”?

	Huawei
	C
	

	vivo
	C
	

	CATT
	C
	

	ITRI
	C
	


Option-A: 0

Option-B: 1

Option-C: 12

Option-D: 0
Rapporteur Comments: All companies selects option-C as the solution. 
Proposal 2 Use option-C to handle SN=0 packet. 
3 Conclusion

Based on the discussion in section 2, we observe:

Observation 1
The current PDCP behaviour for SLRB duplication reception is a PUSH-window type operation, so that packet within half-SN-space below Last_Submitted_PDCP_RX_SN would be dropped directly.

Therefore, we propose:
Proposal 1
RAN2 further discuss on selection between option-A and option-E.
Proposal 2
Use option-C to handle SN=0 packet.
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