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1 Introduction
In RAN2#103, email discussion on PDCP was triggered to handle:
· The PDCP handling considering no AS layer feedback for V2X sidelink communication;
· The different handling on duplication packet and non-duplication packet;
On top of that, further issue was raised by for out-of-order delivery between duplication and non-duplication packet in [1]

 REF _Ref526065285 \r \h 
[2]. This paper is to discuss the further issue.
2 Discussion
2.1 Background
According to TS 36.321, the LCP procedure would ensure there is no out-of-order delivery to RLC layer in ProSe. Therefore, the RX window for RLC layer is set as 0, i.e., no need on HARQ reordering.
-
Only consider sidelink logical channels not previously selected for this SC period and the SC periods (if any) which are overlapping with this SC period, to have data available for transmission in sidelink communication;

Observation 1 In ProSe, the in-order delivery is secured by MAC layer, so the RLC RX window length is set to 0 since there is no need for RLC layer reordering.
Later in R14 V2X, in order to be future-proof, i.e., considering the support of multi-carrier transmission on PC5 interface, the in-order delivery is secured by RLC layer. Therefore, the SN of PDCP layer is not needed for reordering.
	t-Reordering
	Undefined
	Only used for V2X sidelink communication. 
Selected by the receiving UE, up to UE implementation
	v1440


Observation 2 In R14 V2X, the in-order-delivery is secured by RLC layer, so there is no need to maintain PDCP SN for PDCP layer reordering.
In R15 V2X, due to the introduction of PDCP duplication, RLC layer in-order-delivery is not enough, so that PDCP SN is needed for PDCP layer reordering.
	t-Reordering (PDCP)
	Undefined
	Only used for V2X sidelink communication.
Selected by the receiving UE, up to UE implementation
	V1520


Observation 3 In R15 V2X, the in-order delivery has to be secured by PDCP layer, so PDCP SN is used when there are two RLC legs.
2.2 Left issue for PDCP re-ordering
According to the background information above, it is clear that

· When PDCP duplication is configured, i.e., there are two RLC legs, so PDCP re-ordering is needed;
· When PDCP duplication is not configured, i.e., there is only one RLC leg, so PDCP re-ordering is not needed;
But the problem is that from RX perspective, it is blind to the switching of the two modes above (with or without duplication) at TX side, and therefore RX has to secure the in-order-delivery to upper layer when TX switches between the two modes.

Observation 4 For R15 V2X, RX UE is blind to the switching between duplication and non-duplication at TX UE, but is responsible to secure in-order-delivery to upper layer during the switching period.

There are 3 example issues of the switching period, for which the key issues are the same, i.e., the transmission of the two RLC TX entities are not aligned, due to the different resource availability / scheduling on different PC5 carriers.
The issue-1 is raised in [1], the problem is that due to the packet loss of packet-5, the reordering of packet-6/7 would keep packet-6/7 in buffer before delivering non-duplication packet to upper layer. In this case, from RX perspective, the received packet (packet-7, and the non-duplication packet afterwards) should be delivered upper layer according to the arrival order.
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Figure 1 Issue-1 raised by [1]
Observation 5 In issue-1, the packets should be delivered to upper layer according to the receiving order, where the non-duplication packet should be delivered after duplication packet.

The issue-2 is raised in [2], the problem is due to the un-aligned packet delivery order of the two RLC legs, and thus it is possible that out-of-order arrival happens, i.e., packet-7 arrives at RX UE after the non-duplication packet. In this case, the packets should not be delivered to upper layer according to the arrival order.
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Figure 2 Issue-2 raised by [2]
Observation 6 In issue-1, the packets should NOT be delivered to upper layer according to the receiving order, where the non-duplication packet should be delivered after duplication packet.

There is another issue-3, when the UE switches from non-duplication mode to duplication mode, due to the un-aligned packet delivery order of the two RLC legs, it is possible that out-of-order arrival happens, i.e., packet-5 arrives at RX UE before the non-duplication packet.
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Figure 3 Issue-3

Observation 7 In issue-3, the packets should NOT be delivered to upper layer according to the receiving order, where the non-duplication packet should be delivered before duplication packet.

To secure the in-order delivery, solutions to solve the issue can be listed as follows:
Solution-1: In [1], the solution is that UE delivers all the stored PDCP SDUs regardless of the reordering timer status, when there is a non-duplication packet arriving. This solution can handle issue-1, but not issue-2, and issue-3 and it essentially cannot handle out-of-order issue.
Solution-2: In [2], the solution is that UE delivers the non-duplication packets after expiry of the re-ordering timer. This solution can handle issue-1 and issue-2, but not issue-3, i.e., reordering timer might be started by the first duplication packet (packet-5), which arrives before non-duplication packet. The key issue is this solution always assume non-duplication packet should be delivered to upper layer after duplication packet (if reordering timer is running) – which is not true in some cases.

Solution-3: Simply use non-zero PDCP SN for all the packets, no matter duplication or non-duplication packets, for all the V2X transmissions by Rel-15 V2X UEs. Considering the root problem is the usage of two RLC leg for duplication, the risk cannot be removed as long as the TX UE is duplication capable.
Another solution is to enhance the TX behavior to avoid out-of-order delivery, i.e.,

· When switching from duplication to non-duplication, zero-SN PDCP PDU is transmitted after all non-zero-SN PDCP PDU are delivered

· When switching from non-duplication to duplication, non-zero-SN PDCP PDU is transmitted after all zero-SN PDCP PDU are delivered

However, this solution requires coordination between PDCP and MAC, since on the one hand, it is the PDCP layer to trigger the transmission by putting the PDCP PDU into RLC buffer, on the other hand, the HARQ re-transmission is handled by MAC entity. This solution can solve all the 3 solutions but may have larger impact to the specification.

A short comparison of the 3 solutions are listed as follows.

Table 1 Comparison between solutions

	Options
	Impact on RX
	Impact on TX (SN association)
	Issue-1
	Issue-2
	Issue-3

	1
	Yes, reordering timer is stopped by zero-SN packet
	No
	Solve
	No
	No

	2
	Yes, zero-SN packet should be delivered only if reordering timer is not running.
	No
	Solve
	Solve
	No

	3
	No
	Yes, for a R15 V2X UE which is duplication capable, non-zero PDCP SN can be used for all packet
	Solve
	Solve
	Solve


Proposal 1 Align the PDCP SN association for duplication and non-duplication packet.
3 Conclusion
Based on the discussion in section 2, we observe:

Observation 1
In ProSe, the in-order delivery is secured by MAC layer, so the RLC RX window length is set to 0 since there is no need for RLC layer reordering.
Observation 2
In R14 V2X, the in-order-delivery is secured by RLC layer, so there is no need to maintain PDCP SN for PDCP layer reordering.
Observation 3
In R15 V2X, the in-order delivery has to be secured by PDCP layer, so PDCP SN is used when there are two RLC legs.
Observation 4
For R15 V2X, RX UE is blind to the switching between duplication and non-duplication at TX UE, but is still responsible to secure in-order-delivery during the switching period.
Observation 5
In issue-1, the packets should be delivered to upper layer according to the receiving order, where the non-duplication packet should be delivered after duplication packet.
Observation 6
In issue-1, the packets should NOT be delivered to upper layer according to the receiving order, where the non-duplication packet should be delivered after duplication packet.
Observation 7
In issue-3, the packets should NOT be delivered to upper layer according to the receiving order, where the non-duplication packet should be delivered before duplication packet.

Therefore, we propose:
Proposal 1
Align the PDCP SN association for duplication and non-duplication packet.
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