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1 Introduction

In RAN2#95, RAN2 discussed up to what extent alignment to UP protocol functions from LTE is possible for NR. One of them is whether RLC reordering can be removed or not. To further study, RAN2 agreed to identify the impacts of reordering at RLC compared to reordering only at PDCP, which includes the ease and delay of deciphering, delay and so on. In this contribution, these impacts are discussed.
2 Discussion
The reordering function needs to be implemented in the receiver side in order to make the packets received out-of-order to be in-order. In LTE, it is performed at both RLC level and PDCP level according to specific purpose. PDCP secures in-sequence delivery to higher layers, which is inevitable if multiple transmission paths are configured such as CA, DC, and LWA due to the different radio and backhaul characteristics. In RLC, the reordering function is also essential since the delivered PDUs from MAC may be out of sequence due to independent multiple HARQ processes. Specifically, RLC reordering is applied to both UM and AM data transfer. To keep in-sequence delivery, the received PDUs are stored in a buffer until all PDUs with lower sequence number have been delivered and a reordering timer is configured. For AM data transfer, the retransmission of missing PDUs will be triggered if the timer expires and lost PDUs exist. For UM data transfer, the received PDUs are just delivered to upper layers if the timer expires even though they are out-of-order. In this way, the reordering function is mainly provided by RLC if split bearers or LWA bearers are not configured and handover or re-establishment do not occur. However, PDCP also needs to handle in-sequence delivery in case of supporting DC, LWA, handover and re-establishment since out-of-order packets may be received at PDCP layer. This means that PDCP reordering would be always required when a PDCP entity is associated with more than one lower layer entities. 
Observation 1. In LTE, RLC reordering and PDCP reordering have different purposes. 
According to the agreements from RAN2#94, LTE L2 functions would be used as a baseline for NR but the reordering functions at both RLC and PDCP have been one of the controversial functions. In RAN2#95, RAN2 discussed the optimization of the current dual reordering, e.g. single reordering, in order to achieve some enhancements as follows:

1. Less latency 
2. Less processing
3. Less buffer overhead.
4. Less header overhead

With quite reasonable examples, one could argue that the above would be obtained by taking a single reordering (PDCP only reordering). To investigate the above, we analyse the impacts of reordering at RLC compared to reordering only at PDCP, which includes the latency, processing, buffer overhead, and header overhead in the following sub-sections.
2.1  Latency
One of the main benefits from single reordering may be less latency, which was discussed in the last meeting. Especially, the latency advantage could be provided in some kinds of scenarios, e.g. multi-connectivity scenario for URLLC where bearers are duplicated across legs. In this special scenario, PDUs can be quickly re-assembled from the earliest received segments from different legs and delivered to the upper layer instead of waiting for each leg to reorder and reconstruct its own PDUs. However, the current LTE could support this by RLC UM mode. In more general, the comparison between the dual reordering and the single reordering can be done in the single connectivity scenario. When no multi-connectivity is configured, the latency would be the same regardless of whether the dual reordering or the single ordering is applied since RLC performs reordering and sends PDCP PDUs to PDCP in the case of dual reordering and RLC sends out-of-order PDCP PDUs to PDCP and PDCP performs reordering in case of single reordering. Moreover, in LTE, reordering would be only performed in RLC, something like the single reordering. One could argue that the single reordering has some benefits from out-of-sequence deciphering, i.e. the deciphering can be applied to out-of-order PDCP PDUs directly delivered from RLC and reduce the latency. However, if RLC and PCDP share a buffer to early decipher out-of-order PDCP PDUs and we have a separate hardware engine for deciphering by implementation, then dual reordering may have almost the same performance as that of single reordering. In this respect, the benefit from the single reordering seems not big in view of latency.
Observation 2. In view of latency, the benefit from the single reordering seems not big.

2.2  Processing 

The single reordering could have some benefits in view of processing because the reordering function would be performed just one time, i.e. in PDCP. One could implement the single reordering under the current LTE UP stack. In this case, RLC immediately delivers complete SDUs received from lower layer to PDCP even if preceding SDUs are still outstanding. PDCP performs the reordering function based on the received SDUs from RLC. To enable these works correctly, RLC would need to verify each PDU whether it has one or more complete SDUs that it may be delivered to PDCP and need to avoid delivering the same SDU twice by separating which SDUs were already delivered to PDCP out of possible SDUs still stored inside the ARQ window. This RLC operation for single reordering seems not simple comparing to dual reordering. In this regard, the benefit from the single reordering seems not big in view of processing.

Observation 2. In view of processing, the benefit from the single reordering seems not big.

2.3  Buffer overhead
To support the reordering function, buffers are necessarily required. The buffer requirements could be reduced in case of single reordering because the buffers would be only needed in one layer, i.e. in PDCP. However, as described in Section 2.1, RLC and PDCP can share the common buffers to reduce the buffer requirements and enable out-of-sequence deciphering for dual reordering. By this implementation, the data stored in the common buffer is physically not moved or copied to a different buffer no matter which layer is currently handling it, which does not cause additional buffer overhead in case of dual reordering. The buffer requirement may depend on how to implement. 
Observation 3. In view of buffer overhead, the benefit from the single reordering seems not big.
2.4  Header overhead

The identification of each packet is essential to perform reordering, which can be achieved by SN (sequence number). One could argue that the header overhead can be reduced in case of single reordering since some of headers might be removed in RLC, e.g. SN. However, the header overhead is not only related to reordering but also other functions, e.g. concatenation, segmentation, etc. For instance, without concatenation, the header overhead could be increased even though it seems not critical as described in [1]. Moreover, the segment related information needs to be somehow included in the header, which may be kind of RLC SN space today. Hence, the benefit from single reordering seems not big in view of header overhead. It may be impossible to correctly evaluate the header overhead since a complete solution on L2 UP stack has not been presented.
Observation 4. In view of head overhead, the benefit from the single reordering seems not big.
2.5  Other aspects
In the receiver side, the RLC reordering function would be required to support the RLC ARQ function for the detection of lost PDUs. Today, RLC layer maintains a receiving window, a reordering timer, and a lot of state variables to send status report and determine whether a received PDU is valid in the window. Even if RLC reordering is removed, such parameters would be still required to support RLC ARQ but how to support it might be different.  
According to RAN2#94 agreements, “Study both split bearer (3C bearers) and direct routing (1A bearers) for LTE-NR multi-RAT”, the reordering in the highest layer (e.g. PDCP) would be anyway needed. Since the flow control mechanism of DC mainly relies on in-sequence delivery in RLC, feedback per packet would be needed without RLC reordering, i.e. a new flow mechanism may be required. 
As for the CU/DU split scenario, it is also questionable how the single reordering works well. If the single reordering is placed in the CU, the latency would be increased and the buffer requirement would be significantly large to handle missing PDUs or PDU segments from the DUs. Conversely, if the single reordering is place in the DU, multi-connectivity might be impossible since there is no reordering function in CU to handle a number of packets duplicated or out-of-order received from the DUs. 

Considering the above, we wonder whether the single reordering is really needed or not.
Proposal 1. RAN2 should carefully study the benefits of single reordering rather than attempting to make generic agreements if single reordering is preferred by the majority. 

3 Conclusion

In this contribution, we provide our view on the reordering function in RLC and PDCP layer and ask RAN2 to discuss the following proposal:
Proposal 1. RAN2 should carefully study the benefits of single reordering rather than attempting to make generic agreements if single reordering is preferred by the majority. 
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