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1 Introduction

From RAN2 #97bis meeting, it is agreed that
Agreements on PDCP reordering

-
It is desirable to disable PDCP reordering.  FFS how to signal it 

In this contribution, we discuss how to achieve out-of-sequence delivery by PDCP in more details.
2 Discussion
The out-of-sequence delivery has been discussed in [1]

 REF _Ref485213696 \r \h 
[2]

 REF _Ref485213698 \r \h 
[3], and this paper is to provide our view on how to achieve the out-of-sequence delivery from PDCP.
2.1 Functionality of re-ordering at PDCP
In LTE, the functionality of re-ordering at PDCP is limited to DRB mapped to RLC AM, where the in-sequence delivery functionality of RLC layer fails to work in cases like:

· During handover, PDCP SDU re-transmission in order for lossless handover

· For split bearer (i.e., two RLC entities) or for LWA bearer

Otherwise, in-sequence delivery is always ensured by RLC layer.

When it comes to NR, due to the agreement from RAN2#97bis as follows, 

Agreements:

-
RLC AM/UM receiver does not store complete RLC SDUs, just RLC SDUs segments
NR PDCP re-ordering is needed for all cases since no such functionality in NR RLC any more

Agreements on PDCP reordering

-
A unified re-ordering schemes is used for DRB(s)/SRB(s) and UM and AM, with LTE as baseline.  
Observation 1 Re-ordering at NR PDCP is extended to cover more cases than LTE PDCP.
Revisiting LTE PDCP, according to TS 36.323

	5.1.2.1.4.2
Procedures when t-Reordering expires

When t-Reordering expires, the UE shall:

-
deliver to upper layers in ascending order of the associated COUNT value:
-
all stored PDCP SDU(s) with associated COUNT value(s) less than Reordering_PDCP_RX_COUNT;
-
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from Reordering_PDCP_RX_COUNT;
-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-
if there is at least one stored PDCP SDU:
-
start t-Reordering;
-
set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.


I.e., the functionality of PDCP re-ordering includes two main aspects:

1) Deliver the PDCP SDUs;
2) Move the reception window by updating Last_Submitted_PDCP_RX_SN;
Observation 2 In LTE, the functionality of PDCP re-ordering timer expiry is to deliver the PDCP SDU and to move the reception window.

When it comes to NR, the usage of PUSH / PULL window mechanism is still under discussion (e.g., in email discussion [98#40]), in more details,

· For PUSH window, the functionality of PDCP re-ordering window is the same as in LTE (where only PUSH window is used);

· For PULL window, the functionality of PDCP re-ordering window is reduce to PDCP SDU delivery only, where the window is moved by new packet arriving outside of the reception window. 

Observation 3 In NR, the functionality of PDCP re-ordering timer expiry is either to deliver the PDCP SDU (for PULL window), or both to deliver the PDCP SDU and to move the reception window (for PUSH window).

Therefore, to implement out-of-sequence delivery from PDCP, we have to differentiate PUSH and PULL window:

1) For PULL window, the PDCP SDU delivery does not have to wait for re-ordering timer expiry, i.e., the re-ordering timer can be disabled or the timer length can be set as 0ms, so that the arrived packets can be delivered to upper layer as quick as possible.

Proposal 1 For out-of-sequence delivery from PDCP using PULL window, the re-ordering timer can be disabled or set as 0ms.

2) For PUSH window, similar to case 1) above, the PDCP SDU delivery does not have to wait for the expiry of re-ordering timer, but the timer cannot be simply disabled since it is still in charge of window movement. If the re-ordering timer is set as 0ms, the variable for “delivered packet” would be updated as soon as there is an out-of-order PDCP PDU arrives at receiver, and the window would be moved immediately since the out-of-sequence delivery requires delivering the out-of-order PDCP SDU to upper layer as soon as possible. If the window is moved away, there is no chance for receive to get the missing packets if they fall out of the reception window (PUSH window). So for PUSH window, it is desired to

a) Keep the re-ordering timer in order for window movement;

b) But the packet delivery does not have to wait for the re-ordering timer expiry;
Proposal 2 For out-of-sequence delivery from PDCP using PUSH window, the re-ordering timer should be kept for window movement, but the packet delivery does not have to wait for the timer expiry.

To implement out-of-sequence delivery by PDCP, another aspect to consider is ROHC, which does not support out-of-order decompression, e.g., according RFC 3095 [4]:
      The channel between compressor and decompressor is required to

      maintain packet ordering, i.e., the decompressor must receive

      packets in the same order as the compressor sent them.

      (Reordering before the compression point, however, is dealt with,

      i.e., there is no assumption that the compressor will only receive

      packets in sequence.)

Therefore, out-of-sequence delivery collides with the ROHC.
Proposal 3 Disable ROHC if out-of-sequence delivery by NR PDCP is needed.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Re-ordering at NR PDCP is extended to cover more cases than LTE PDCP.
Observation 2
In LTE, the functionality of PDCP re-ordering timer expiry is to deliver the PDCP SDU and to move the reception window.
Observation 3
In NR, the functionality of PDCP re-ordering timer expiry is either to deliver the PDCP SDU (for PULL window), or both to deliver the PDCP SDU and to move the reception window (for PUSH window).


Based on the observations, we propose:
Proposal 1
For out-of-sequence delivery from PDCP using PULL window, the re-ordering timer can be disabled or set as 0ms.
Proposal 2
For out-of-sequence delivery from PDCP using PUSH window, the re-ordering timer should be kept for window movement, but the the packet delivery does not have to wait for the timer expiry.
Proposal 3
Disable ROHC if out-of-sequence delivery by NR PDCP is needed.
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