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1. Introduction
In RAN2#94 meeting some preliminary agreements were made regarding baseline assumptions and further potential directions to study for the NR U-plane stack.

A first agreement takes LTE L2 functions as baseline assumptions though leaving room for re-arranging functions locations and order:

Agreements

1
LTE L2 functions are considered as a baseline for NR. Order, allocation to sublayers, possible merger of functions needs to be considered on a case by case basis.

The below points were agreed to be studied further specifically.

Agreements:

1 
Study whether a single packet reordering function is possible

2
Study whether segmentation function can be configured (enabled/disabled) to support different services

3
Study whether concatenation function can be moved to lowest L2 sublayer. 

4
Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)

Points 1 and 4 above were further discussed in an email discussion [1]. In this contribution, we further elaborate on why we think it should be possible to configure the NR U-plane stack with a single packet re-ordering function located in the upper L2.
2. Discussion
The support of a single or dual stage re-ordering was discussed in [1]. Our proposed single-stage re-ordering operates in upper L2 and re-orders both PDUs and PDU segments, where “PDU” denotes data units delivered by upper L2 to lower L2 (aka “PDCP PDU” in legacy stack). The unified re-ordering function implements a single sequence number at PDU level [2]
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[3], also playing the role of sequence number for the security functions. Potential PDU segments are generated at lower L2 and are identified in the segment header by their offset wrt the PDU origin [3]. As discussed in [1], the benefits of such single re-ordering stage are as follows:
It does not preclude lower L2 segmentation: one concern raised in [1] is that segmentation is not applicable with single-stage re-ordering. As described above, this is not true as lower L2 segmentation is still possible where segments are identified by their offsets to the PDU origin.

Observation 1: Lower L2 (leg-level) segmentation is applicable with single stage re-ordering.
Less processing: as shown in Figure 2 of [3] in a CU/DU split, the DU directly forwards all received out-of-order PDU segments to the CU which performs global re-ordering and PDU re-assembly. This goes along the lines of moving processing burden from the edge to the central nodes and allows for lower cost DUs (TRPs). Similarly in the UE, implementations based on PDU buffers at each sub-layers will no longer need the RLC buffering requirement. Implementations based on a single buffer with zero-copy data processing (pointer-based) will also benefit from a single buffer for re-ordering in that only one single linked list of PDU segments is needed to be maintained as opposed to multiple ones in the case of multiple and independent re-ordering stages. Given each linked list comes with its burden of pointers recycling management, the resulting implementation still is simplified.
Observation 2: Single stage re-ordering moves the re-ordering processing burden from DUs to the CU.
Observation 3: Single stage re-ordering simplifies UE implementation.
Leg-agnostic segmentation: unlike a local leg-level segment sequence, identifying the PDU segment with its offset wrt PDU origin
 unambiguously identifies the received segment in upper L2, irrespective of the generating leg. This provides a simple and clean design addressing companies’ concerns about protocol layer independence and cross-layer interaction.
Observation 4: Single stage re-ordering does not require inter-layer dependency.
Unified segments: offset-based segment identification prevents from specific distinction in the header between re-segmented segments and initial segments, thus providing unified segment processing at both receiver and transmitter1.
Observation 5: Offset-based segment identification provides unified segment processing at both receiver and transmitter, irrespective of potential re-segmentations.
Latency gains in multi-connectivity with PDU duplication: as proposed in [2], PDU duplication across legs should be supported in a multi-connectivity scenario to allow e.g. URLLC services to benefit from both higher reliability and lower latency. As shown in Figure 1, in this scenario, a PDU can be re-assembled quicker from earliest received (and potentially overlapping) segments from different legs, compared to waiting for each leg to reorder/reconstruct its own PDU. It should also be noted that the fronthaul latency for carrying one complete PDU will be larger than for carrying a segment. This scenario is further described in [3].
Observation 6: Upper L2 single stage re-ordering provides latency gains in multi-connectivity with PDU duplication
Proposal 1: Support of single stage reordering in upper L2 should be studied for NR.
3. Conclusion

In this contribution, we further elaborate on why we think it should be possible to configure the NR U-plane stack with a single packet re-ordering function located in the upper L2. The associated observations and proposals are as follows:

Observation 1: Lower L2 (leg-level) segmentation is applicable with single stage re-ordering.
Observation 2: Single stage re-ordering moves the re-ordering processing burden from DUs to the CU.
Observation 3: Single stage re-ordering simplifies UE implementation.
Observation 4: Single stage re-ordering does not require inter-layer dependency.
Observation 5: Offset-based segment identification provides unified segment processing at both receiver and transmitter, irrespective of potential re-segmentations.
Observation 6: Upper L2 single stage re-ordering provides latency gains in multi-connectivity with PDU duplication.
Proposal 1: Support of single stage reordering in upper L2 should be studied for NR.
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Figure 1: Latency gain due to single/central re-ordering stage with PDU duplication across legs
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