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1 Introduction

The email discussion for the reordering function in NR “[95#27][LTE/NR] Reordering” has been arranged after RAN2#95 and lots of views have been shown during the email discussion.
The intention of this contribution is to give some further analysis on the reordering function in NR.
2 Consideration on the reordering function

Usage/Requirement for reordering
In user plane, the reordering function will be used to provide in-sequence delivery to upper layer, and it will be required in case the out-of-order data PDU can be received. In order to understand the usage of reordering, it would be good to identify the use cases for reordering first. According to our understanding, the out-of-order will be caused in the following cases:

· Out-of-order caused by the parallel HARQ process: Multiple MAC PDU will be transferred though multiple HARQ process in a parallel way. Since each HARQ process will trigger retransmission independently and the retransmission number may be different due to fluctuating radio conditions, the in-sequence delivery cannot be guaranteed in parallel HARQ operation. In order to overcome the out-of-order caused by HARQ, one reordering function above HARQ is required.
· Out-of-order caused by the ARQ: In case HARQ fails, ARQ will be used to retransmit the data PDU which has not been received successfully, and the ARQ may also lead to the out-of-order in the reception side (e.g. data PDU with smaller SN can be received later than a PDU with bigger SN). In order to overcome the out-of-order caused by ARQ, one reordering function above ARQ is required.
· Out-of-order caused by the bearer split in multiple-connectivity: The out-of-order in the reception side of anchor UP entity for the multiple-connectivity may be caused by the different/variable transmission delay on multiple connections.  In order to overcome the out-of-order caused by multiple-connectivity, one reordering function above the UP anchor of multiple-connectivity is required.
Observation 1: Reordering function will be used in RAN to guarantee the in-sequence delivery and overcome out-of-order caused by the following cases:

· Case 1: Out-of-order caused by the parallel HARQ process

· Case 2: Out-of-order caused by the ARQ

· Case 3: Out-of-order caused by the bearer split in multiple-connectivity

Moreover, the PDU may be segmented to PDU segments at the transmission side to fit the grant provided by lower layer. For the receiving side, since the higher layer UP entity shall not be required to understand the header generated by the lower layer UP entity, the PDU segment received on the reception side cannot be delivered to the higher layer until the whole PDU is received. So, the reordering function is also required to reorder the PDU segment and the reordering function for this purpose should be located in the reception side of the UP entity which enable the segmentation function.
Observation 2: In order to have a clear split between UP protocols and reduce the complexity, the reordering of PDU segment will also be required in case the segmentation is applied in the transmission side. 
Observation 3: The usage and location requirement for the reordering function is summarized in the table below:
	Usage
	Location requirement

	Overcome the Out-of-order caused by the parallel HARQ process
	Above the HARQ

	Overcome the Out-of-order caused by the ARQ
	Above the ARQ

	Overcome the Out-of-order caused by the bearer split in multiple-connectivity
	Above the anchor of multiple connectivity

	Reorder the PDU segment
	In the reception side of the UP entity which enable the segmentation function


Reordering function in LTE
In the current LTE user plane, the reordering function is supported in PDCP and RLC. In RLC, RLC PDU based reordering is used to overcome out-of-order caused by HARQ and ARQ. In PDCP, another reordering function is used to overcome the out-of-order caused by the bearer split in multiple-connectivity. In addition, since the segmentation function is applied in RLC layer, the reordering function in RLC is also used to reorder the PDU segment.
Based on the analysis above, it can be observed the two-level reordering function defined in LTE can fulfil all the functional requirement on reordering in NR.
Observation 4: The two-level reordering function defined in LTE can fulfill all the functional requirement of reordering in NR.
Limitation of reordering function in LTE
Although all the functional requirements can be achieved by the two-level reordering architecture in LTE, some limitation can still be observed in the aspect of performance. Based on the current LTE, the out of order RLC PDUs received will be stored in the reordering buffer of RLC and once the missing RLC PDUs are received, all the in-sequence buffered RLC SDUs will be reassembled and delivered to PDCP simultaneously, which will lead to some challenges on the deciphering capabilities of PDCP, especially in case the high data throughput is expected. 
Observation 5: Lots of buffered RLC SDUs may be reassembled and delivered to PDCP simultaneously due to the reordering operation in RLC, and some challenges on the deciphering capabilities of PDCP can be observed, especially in case the high data throughput is expected.
Consideration on the reordering in NR
In order to address the challenges described in observation 4, one possible solution is to locate one reordering function in PDCP and allow the out-of-order delivery of RLC SDUs (i.e. PDCP PDU) to PDCP. Once PDCP entity receive the out-of-order PDCP PDUs, the PDCP entity should decipher the PDCP PDU first and then put these out-of-order PDCP PDUs in the reordering buffer of PDCP. With this enhancement, the deciphering load can be distributed in time domain.
Proposal 1: In order to distribute the load of deciphering operation in PDCP, the out-of-order delivery of PDCP PDUs from RLC to PDCP should be allowed.
Based on the observation 2, the reordering function is not only required for the out-of-order PDUs, but also be required to reorder the PDU-segment to form a complete PDU.  Based on the observation 3, in order to support the reordering for the PDU segment, the reordering function should be located in the reception side of the UP entity which enable the segmentation function. Since the segmentation function should be made based on the resource granted and output of logical channel prioritization, the segmentation function will be kept in lower layer, which means besides the reordering function located in PDCP, another reordering function will still be required for the reordering of PDU segment.
Observation 6: Besides the reordering function located in PDCP for the out-of-order PDUs, another reordering function will still be required for the reordering of PDU segment. 
Based on the observation 5, although the reordering function for out-of-order RLC PDUs can be removed from RLC, the reordering function for PDU segment is still needed. So, we propose that:
Proposal 2: Two-level reordering architecture should be used for NR. The reordering function for out-of-order PDUs should be located in PDCP; and the reordering function for PDU-segment should be located in the reception side of the UP entity which enable the segmentation function.
3 Conclusion
Based on all the analysis above, we give our observations and proposals as follow:
Usage/Requirement for reordering
Observation 1: Reordering function will be used in RAN to guarantee the in-sequence delivery and overcome out-of-order caused by the following cases:

· Case 1: Out-of-order caused by the parallel HARQ process

· Case 2: Out-of-order caused by the ARQ

· Case 3: Out-of-order caused by the bearer split in multiple-connectivity

Observation 2: In order to have a clear split between UP protocols and reduce the complexity, the reordering of PDU segment will also be required in case the segmentation is applied in the transmission side. 

Observation 3: The usage and location requirement for the reordering function is summarized in the table below:

	Usage
	Requirement on the location of reordering function

	Overcome the Out-of-order caused by the parallel HARQ process
	Above the HARQ

	Overcome the Out-of-order caused by the ARQ
	Above the ARQ

	Overcome the Out-of-order caused by the bearer split in multiple-connectivity
	Above the anchor of multiple connectivity

	Reorder the PDU segment
	In the reception side of the UP entity which enable the segmentation function


Reordering function in LTE
Observation 4: The two-level reordering function defined in LTE can fulfill all the functional requirement of reordering in NR.

Limitation of reordering function in LTE

Observation 5: Lots of buffered RLC SDUs may be reassembled and delivered to PDCP simultaneously due to the reordering operation in RLC, and some challenges on the deciphering capabilities of PDCP can be observed, especially in case the high data throughput is expected.

Consideration on the reordering in NR

Proposal 1: In order to distribute the load of deciphering operation in PDCP, the out-of-order delivery of PDCP PDUs from RLC to PDCP should be allowed.
Observation 6: Besides the reordering function located in PDCP for the out-of-order PDUs, another reordering function will still be required for the reordering of PDU segment. 

Proposal 2: Two-level reordering architecture should be used for NR. The reordering function for out-of-order PDUs should be located in PDCP; and the reordering function for PDU-segment should be located in the reception side of the UP entity which enable the segmentation function.
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