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1 Introduction

In WID RP-170798, one of the objectives defined for eV2x is
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
At RAN1#89, it was agreed that
Agreement: For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):

Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 

Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)

- FFS at which layer replication is done
Capacity improvements from the receiver perspective

- Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers

- For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers

In this contribution, we discuss the CA duplication architecture for eV2x, and futher details on resource selection behavior is provided in [1].
2 Discussion
Considering the legacy architecture in cellular system, it is the MAC layer to handle multiplexing / demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from different carriers on transport channels. As addressed in TS 36.300

· In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per TTI per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped to a single serving cell;
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Figure 1 Layer 2 structure for DL CA
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Figure 2 Layer-2 structure for UL CA

The agreement from RAN1 cited in section 1 addresses the main use case for CA, i.e., sidelink transmission CA and sidelink reception CA, which can be somehow mapped to UL CA and DL CA designed for cellular system, so that the existing design in cellular system is capable to handle the ‘capacity improvement’ use case. However, the ‘packet duplication’ use case is out of the design for LTE system, i.e., 

Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)

- FFS at which layer replication is done

To implement it, different options can be considered:

· Alt1: Duplication at PDCP layer

· Alt2: Duplication at RLC layer

· Alt3: Duplication at MAC layer

Where Alt3 is the most complicated solution which essentially requires extending the per-carrier HARQ entity to cross-carrier HARQ entity. Furthermore, considering the different QoS requirement of different bearers, duplication at MAC layer would cause impact to LCP procedure and difficulty to network scheduling (i.e., mode-3 in Rel-14 V2x). Compared to that, Alt1/2 is of lower complexity and follows the existing CA architecture in a better way. Considering that Alt2 is more like ARQ re-transmission (in a cross-carrier way), Alt1 provides more flexibility in terms of initial segmentation. Besides, Alt1 aligns with NR design of CA duplication at Uu interface in a good way.

Observation 1 PDCP duplication has been agreed for NR Uu CA duplication.

Proposal 1 Apply PDCP duplication to PC5 for Rel-15 CA-based eV2x.

Different from cellular system, sidelink communication may happen without network coverage, so one premise to apply PDCP duplication based transmission/reception is have an aligned protocol stack architecture between transmitter and receiver(s), i.e., for receiver to know the mapping between radio bearer (RB) ID / PDCP entity and logical cannel ID (LCID) / RLC entity when duplication is (de)activated. For which there could be generally two types of solution:

· Alt-A: Static mapping – E.g., for all UEs, there is a fixed / static mapping between RLC entity and PDCP entity, e.g., LCID 1 and 11 always map to SLRB 1, LCID 2 and 12 always map to SLRB 2 and etc. (where LCID 11/12/… are used only when duplication is activated).
· Alt-B: Dynamic mapping – For each UE, there is a dynamic mapping between RLC entity and PDCP entity, e.g., LCID 1 to 10 always map to SLRB 1-10 one-by-one, besides LCID 11 may be used for duplication of one of the ten sidelink RBs in a flexible way (and additional logical channel can be use when there are more RBs requiring duplication-based transmission/reception).

Alt-A statically occupies more LCID space yet saves the signalling to align architecture between transmitter and receiver. Considering the resulted additional signalling overhead of Alt-B, it is preferred to use Alt-A for simplicity.

Proposal 2 Use static mapping between RB ID and LCID for PC5 PDCP duplication.

Given the PDCP duplication architecture, considering the LCP procedure for Rel-14 sidelink-based V2x

-
Step 2: if any resources remain, sidelink logical channels belonging to the selected ProSe Destination are served in decreasing order of priority until either the data for the sidelink logical channel(s) or the SL grant is exhausted, whichever comes first. Sidelink logical channels configured with equal priority should be served equally.
I.e., if both duplicated logical channels are to be merged into the same grant, there would be less diversity gain to be expected. In other words, there is a need to avoid merging two duplicated logical channels into a same grant. For this, it is straightforward to reuse the conclusion for Uu CA duplication in NR, i.e., to differentiate the applicable carrier(s) of each logical channel.
Proposal 3 Map two duplicated logical channels to different carriers for PC5 PDCP duplication.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
PDCP duplication has been agreed for NR Uu CA duplication.


Based on the observations, we propose:
Proposal 1
Apply PDCP duplication to PC5 for Rel-15 CA-based eV2x.
Proposal 2
Use static mapping between RB ID and LCID for PC5 PDCP duplication.
Proposal 3
Map two duplicated logical channels to different carriers for PC5 PDCP duplication.
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