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1 Introduction
In RAN2#96 meeting, the ordering functions in PDCP/RLC and in-sequence delivery functionalities were discussed. The agreements are as follow: 
1
PDCP supports the re-ordering functionality (T-reordering)

2
RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.

FFS whether RLC UM needs to support T-reordering like functionality for the purposes moving the lower edge of the receive window, or for other purposes. Could be discussed in stage 3

3
RLC reassembles RLC SDU and delivers them to upper layers in the order they are received (no need to mention reordering with respect to this functionality)

FFS whether in-order delivery for a DRB can be disabled via RRC signalling. This only affects PDCP operation. Could be discussed in stage 3

We think that these agreements need further clarification as RLC reordering and PDCP reordering are two relative features. Thus, we purpose to discuss these two levels of reordering function in this contribution. 
2 Reordering function in PDCP and RLC
Reordering function in LTE
As discussed in [1] and [2], it was identified that the dual reordering in LTE has the disadvantage of more processing. In LTE, RLC reordering is enabled in AM and UM to ensure that RLC SDUs (i.e. PDCP PDUs) can be in-order delivered to PDCP layer. In case of MCG split bearer of DC, PDCP reordering is enabled due to out-of-order delivery of RLC SDUs between MeNB RLC and SeNB RLC. The mechanisms in PDCP reordering and RLC reordering are similar. They all use their sequence number for reordering. This two level reordering mechanism increases the processing and protocol complexity.
Observation 1: For LTE DC split bearer, both RLC and PDCP have reordering functions, which result in more processing and complexity.

Reordering related agreements in NR
Reordering function in NR had been discussed in RAN2#95bis and RAN2#96 meeting. The achievements are as follows:

	RLC
	The ARQ will be supported in RLC. 
RLC adds an RLC SN.
RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.
RLC delivers PDCP PDUs to PDCP in the order they are received after the PDU is reassembled. (no need to mention reordering with respect to this functionality).

Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP.

	PDCP
	PDCP supports the re-ordering functionality (T-reordering).

PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case). 


In RLC AM, the ARQ is supported. Status PDUs are used by the receiving side of an AM RLC entity to inform the peer AM RLC entity about RLC data PDUs that are received successfully, and RLC data PDUs that are detected to be lost by the receiving side of an AM RLC entity. Status PDUs are generated based on the reordering variables. RLC still have to support reordering to determine the content of the RLC status report. Because reordering function exists, AM RLC can maintain RLC SDUs (PDCP PDUs) in sequence. Obviously, in this context, AM RLC can in-order deliver RLC SDUs (PDCP PDUs) to PDCP without any additional efforts.
Observation 2: In RLC AM, reordering function is needed in order to feedback RLC status.

Proposal 1: In-sequence delivery of RLC SDUs to PDCP layer should be supported for RLC AM.

In LTE DC split bearer, PDCP need to handle the received RLC SDUs from both MeNB RLC and SeNB RLC. Even though the PDCP PDUs received from a certain RLC are in sequence, PDCP processes these PDUs as if they are out of sequence due to the fact that different PDUs from MeNB and SeNB may be out-of-order delivered to this PDCP. The reordering in PDCP does not utilize the reordering result in RLC at all. As discussed in Observation 1, PDCP reordering is not efficient due to reordering functions in RLC and PDCP are overlapped. 

In NR, reordering function in PDCP is always enabled in non-DC and DC case if in sequence delivery to layers above PDCP is needed. And reordering function is also needed in RLC AM. If dual reordering functionality is reused as that in LTE, the problem mentioned in observation 1 still exists. It is necessary to introduce some improvements to reduce the complexity and duplicated processing. As discussed in [3], enhanced reordering mechanism can be a part of function of PDCP. One straightforward way is to design the NR that the PDCP reordering function should be flexible to cooperate with RLC enabled or disabled.

Proposal 2: In order to avoid duplication of dual reordering function, the PDCP reordering function should be flexible to cooperate with RLC.
In the case PDCP only receives PDCP PDUs from one single RLC, the AM RLC entity can provide in-sequence delivery of PDCP PDUs. It is wasteful for PDCP to enable reordering function. PDCP reordering function should be disabled in this scenario. That is to say, when RLC can guarantee PDCP PDUs in-sequence delivery, PDCP reordering function should be transparently bypassed for the single leg scenario. 
Proposal 3: In the single leg scenario, reordering function in PDCP can be disabled when RLC provides in-sequence delivery of packets (i.e. RLC AM).
In case of PDCP received from multiple RLC entities (i.e. DC scenario), each AM RLC entity can separately deliver PDCP PDUs to PDCP in sequence. It is necessary for PDCP to perform reordering function because PDCP PDUs are out-of-order delivered among multi-RLC entities (multi-legs). In multi-legs scenario, when RLC provides in-sequence delivery (i.e. RLC AM), RLC should guarantee intra-leg PDCP PDUs in-sequence delivery to PDCP, and PDCP should perform inter-leg PDCP PDUs in-sequence delivery to layer above PDCP. Furthermore, it might be beneficial for the PDCP to utilize the RLC reordering information in each leg, and optimize the reordering function among multi-legs.
Proposal 4: In the multi-legs scenario, when RLC provides in-sequence delivery, RLC is responsible for intra-leg reordering, and PDCP is responsible for inter-legs reordering.
3 Conclusions
In this paper, we have discussed reordering function in RLC and PDCP and offered some suggestion for NR. We propose:
Observation 1: For LTE DC split bearer, both RLC and PDCP have reordering functions, which result in more processing and complexity.

Observation 2: In RLC AM, reordering function is needed in order to feedback RLC status.

Proposal 1: In-sequence delivery of RLC SDUs to PDCP layer should be supported for RLC AM.

Proposal 2: In order to avoid duplication of dual reordering function, the PDCP reordering function should be flexible to cooperate with RLC.
Proposal 3: In the single leg scenario, reordering function in PDCP can be disabled when RLC provides in-sequence delivery of packets (i.e. RLC AM).
Proposal 4: In the multi-legs scenario, when RLC provides in-sequence delivery, RLC is responsible for intra-leg reordering, and PDCP is responsible for inter-legs reordering.
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