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1 Introduction

In RAN2#94, some UP issues have been raised for further study:
· Study whether a single packet reordering function is possible.

· Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission).
This contribution provides some analysis on the retransmission and reordering in NR.
2 Consideration on the retransmission function

Usage/Requirement for retransmission

For the retransmission issue, we think it would be good to identify the usages/requirements of retransmission in RAN first. Besides HARQ, the following usages/requirements for retransmission should be supported in NR UP
· In case of the AS security key updating, the retransmission function should support the retransmission of data PDU with update security key.

· In case of dual/multiple connectivity, the retransmission function should support the retransmission of data PDU across different connections, especially if there are some unstable connections (e.g. WIFI, connection using mmW). 

· In case the radio condition fluctuates, the retransmission function should support the retransmission of data PDU with updated TB size.
Proposal 1: For NR, at least the following retransmission should be supported in RAN
· Retransmission with the change of security key
· Retransmission with the change of connection (in case of dual/multiple connection)
· Retransmission with the change of TB size

PDU segment retransmission

The intention of the retransmission of PDU segments is to adapt the retransmission PDU size to the grant determined by the logical channel prioritization in the MAC entity. In NR, the transmission data rate will be much higher than in LTE, and the PDU (i.e. MAC SDU) size for initial transmission may be very big. Considering the radio condition may be fluctuate considerably in mmW, if the PDU segment retransmission is not supported in NR, in case the radio conditions become poor, the retransmission may be delayed significantly due to the PDU size for initial transmission is much bigger than the grant provided for retransmission. 

Observation 1: If PDU segment retransmission is not supported, the retransmission may be delayed significantly due to the PDU size for initial transmission is much bigger than the grant provided for retransmission.
In order to avoid the retransmission delay caused by the change of TB size, we propose to support the PDU segment retransmission in NR.

Proposal 2: PDU segment retransmission should be supported in NR.
Location of retransmission function

For the “retransmission with the change of security key” the intention of this operation is to retransmit data PDUs (i.e. PDCP SDU) with new security key, so this retransmission function should be located above the security function (i.e. ciphering). However, considering the change of security key can only be triggered by control plane procedure, we think the function “retransmission with the change of security key” should be considered as part of PDCP reconfiguration/re-establishment instead of ordinary retransmission.

Proposal 3: The function “retransmission with the change of security key” should be located in PDCP and be considered as part of PDCP reconfiguration/re-establishment instead of ordinary retransmission.
For the “retransmission with the change of connection”, since the intention of this operation is to retransmit data PDUs across different connections, this retransmission function should be located in or above the anchor UP entity for multiple-connectivity.
Proposal 4: The function “retransmission with change of connection” should be located in or above the anchor UP entity for multiple-connectivity. 
For the “retransmission with the change of TB size”, since the TB size is determined by MAC layer, once the TB size is changed, the logical channel prioritization function will be used to derive the grant for each logical channel, then each “RLC” can generate the MAC SDU based on the granted size. So, the “retransmission with change of TB size” refers to the operation that includes the retransmission data PDU/PDU segment in the MAC SDU according to the changed TB size. So, the function “retransmission with change of TB size” should be located above the MAC.
Proposal 5: The function “retransmission with change of TB size” should be located above the MAC.
One or Two level retransmission
Based on the analysis given above on the location of the retransmission function, considering the UP entity for multiple-connectivity shall be above the MAC, it can be observed that if we intend to have only one level retransmission to cover both the “retransmission with change of connection” and “retransmission with change of TB size”, the retransmission function should be located in or above the anchor UP entity for multiple-connectivity.

Observation 2: If we intend to have only one level retransmission to cover both the “retransmission with change of connection” and “retransmission with change of TB size”, the retransmission function should be located in or above the anchor UP entity for multiple-connectivity.

Although having only one level retransmission will lower the complexity of UP protocol architecture and reduce the UP header consumption, locating the retransmission in or above the anchor UP entity for multiple-connectivity may lead to some extra retransmission delay due to the fronthaul latency.
Observation 3: Having only one retransmission function in or above the anchor UP entity may cause some extra delay in the retransmission, due to the fronthaul latency.
In LTE, besides HARQ, two-layer retransmission is supported in PDCP and RLC respectively. Since the two-layer retransmission has already been used in LTE, adopting the LTE similar two-layer retransmission in NR will not cause much extra complexity. Also considering the latency requirement, we propose to consider the two-layer retransmission used in LTE as baseline.
Proposal 6: The Two-layer retransmission (i.e. retransmission in PDCP and RLC) used in LTE should be considered as baseline for NR.

3 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. Similarly to the previous discussion, it would be good to identify the use cases for reordering first. According to our understanding, the out-of-order will be occurring 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 may 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.
· 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 may also lead to the out-of-order in the reception buffer (e.g. data PDU with smaller SN can be received later than a PDU with bigger SN).
· Out-of-order caused by the bearer split in multiple-connectivity: The out-of-order in the reception buffer of anchor UP entity for the multiple-connectivity may be caused by the different/variable transmission delay on multiple connections.  
Proposal 7: Reordering function should 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

Location of reordering function

For the out-of-order caused by HARQ, the reordering function should be located above the HARQ entity. 
For the out-of-order caused by ARQ, considering the reordering function will also be used to detect the loss of data PDU, which is a part of the ARQ function, the reordering function should be located in the UP entity which provides the ARQ function.
Since it is difficult for the receiving side to distinguish the out-of-order caused by case 1 and case 2, we think one common reordering function can be used to handle the out-of-order caused by case 1 and case 2, and the common reordering function should be located in the UP entity which provides the ARQ function.

Proposal 8: One reordering function can be used to handle the out-of-order caused by HARQ and ARQ, and the common reordering function should be located in the UP entity which provides the ARQ function.

For the out-of-order caused by the bearer split in multiple-connectivity, in order to reorder the data PDUs received from different connections, the reordering function should be located in or above the UP anchor entity for the multiple-connectivity.
Proposal 9: For the out-of-order caused by the bearer split in multiple-connectivity, the reordering function should be located in or above the UP anchor entity for the multiple-connectivity
One or Two level reordering
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. 
Since all the usages/requirements listed above can be fulfilled in the current LTE UP architecture, we propose that the two-level reordering can be considered as baseline for NR.
Proposal 10: The two-level reordering used in LTE can be considered as baseline for NR UP.
4 Conclusion
It is proposed that RAN2 discuss and decide on following observations and proposals:
Usage/Requirement for the retransmission 
Proposal 1: For NR, at least the following retransmission should be supported in RAN

· Retransmission with the change of security key

· Retransmission with the change of connection (in case of dual/multiple connection)
· Retransmission with the change of TB size

PDU segment retransmission

Observation 1: If PDU segment retransmission is not supported, the retransmission may be delayed significantly due to the PDU size for initial transmission is much bigger than the grant provided for retransmission.

Proposal 2: PDU segment retransmission should be supported in NR.
Location of retransmission function

Proposal 3: The function “retransmission with the change of security key” should be located in PDCP and be considered as part of PDCP reconfiguration/re-establishment instead of ordinary retransmission.
Proposal 4: The function “retransmission with change of connection” should be located in or above the anchor UP entity for multiple-connectivity. 

Proposal 5: The function “retransmission with change of TB size” should be located above the MAC.
One or Two level retransmission
Observation 2: If we intend to have only one level retransmission cover both the “retransmission with change of connection” and “retransmission with change of TB size”, the retransmission function should be located in or above the anchor UP entity for multiple-connectivity.

Observation 3: Having only one retransmission function in or above the anchor UP entity may cause some extra delay in the retransmission, due to the fronthaul latency.
Proposal 6: The Two-layer retransmission (i.e. retransmission in PDCP and RLC) used in LTE should be considered as baseline for NR.

Usage/Requirement for reordering
Proposal 7: Reordering function should 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

Location of reordering function
Proposal 8: One reordering function can be used to handle the out-of-order caused by HARQ and ARQ, and the common reordering function should be located in the UP entity which provides the ARQ function.

Proposal 9: For the out-of-order caused by the bearer split in multiple-connectivity, the reordering function should be located in or above the UP anchor entity for the multiple-connectivity
One or Two level reordering
Proposal 10: The two-level reordering used in LTE can be considered as baseline for NR UP.
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