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1 Introduction

In RAN2#99bis, it was agreed that

Agreements:

1: Agreed with the need of packet duplication
In RAN2#100, it was agreed that

Agreements

1 Sidelink packet duplication in LTE is anchored at PDCP.

2 As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
3 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
4 The LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. RAN2 to discuss whether this LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation. (FFS (pre)configuration or hard-coded or up to the UE implementation. Option should be worked for both mode3 and mode4.)
5 Will ask SA2 the possibility to derive reliability inforamtion. Will include some background information for packet duplication and the benifits of reliability indication. Includes background information of Rel-14 PPPP.
Agreements:

1 For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. FFS on UE request to NW for duplication transmission.
In this contribution, we discuss the CA duplication architecture for eV2x.
2 Discussion
In this section, the detailed steps for CA duplication operation are described for mode-3 and mode-4 respectively. However, both starts with PPPR provisioning from higher layer to AS layer, which fails into the scope of SA2 / CT1, triggered by LS in [1].
2.1 For Tx UE
2.1.1 Step-1: Reliability requirement report via SidelinkUEInformation

Currently, SidelinkUEInformation is to indicate the destination-frequency mapping relationship to network, which is derived from higher layer input, and thus has to be reported to network.

SL-V2X-CommTxFreqList-r14 ::=
SEQUENCE (SIZE (1..maxFreqV2X-r14)) OF SL-V2X-CommTxResourceReq-r14

SL-V2X-CommTxResourceReq-r14 ::=

SEQUENCE {


carrierFreqCommTx-r14


INTEGER (0.. maxFreqV2X-1-r14)


OPTIONAL,


v2x-TypeTxSync-r14



SL-TypeTxSync-r14



OPTIONAL,


v2x-DestinationInfoList-r14

SL-DestinationInfoList-r12

OPTIONAL

}

As the only UL report message before RRCConnectionReconfiguration, in order for network to configure CA duplication, SidelinkUEInformation is needed to report PPPR to network.

In more details, when report this information, UE shall differentiate the different PPPR requirement between various services, i.e., destination addresses. So that by receiving the message, network can know which destination / service can enable duplication and which cannot, and further associate the addresses to the address index in BSR later, so that knowing the data volume to duplicate.
Proposal 1 RRC_CONNECTED UE reports PPPR in SidelinkUEInformation.

2.1.2 Step-2: Duplication configuration
No matter for mode-3/4 or for in/out-of-coverage UE, the first problem is how for the UE to know whether to use an additional RLC entity to serve the duplicated PDCP PDU for a specific destination / service. The decision may take into account of different dimensions:

· PPPR level: the duplication should be enabled only when the reliability requirment is strict;
· CBR level: The duplication should be enabled only when the channel is not congested;
· PPPP level: Compared to high priority traffic, the duplication is less motivated for low priority traffic;
In the above, the reliability requirement is for sure needed. The latter two as also needed, especially considering the two are agreed as input factor of Tx carrier selection, which logically include the carrier selection for both duplication and non-duplication case.
Proposal 2 UE (de)activates duplication based on (pre)configuration of PPPR level, CBR level and PPPP level.
Secondly, another issue is the logical channel to frequency carrier mapping. For mode-3, in order to achieve the following agreement, UE has to know which logical channel to use (one of the two duplicated channels), in order to generate the MAC PDU, when a sidelink grant is received via PDCCH.

1 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
Considering PPPP has been agreed as one input factor of Tx carrier selection, the logical channel to frequency carrier mapping has to be CBR/PPPP-specific as well, i.e., traffic for different CBR/PPPP may be mapped to and thus duplicated on different carriers.

Proposal 3 After duplication is activated, UE bases on (pre)configuration to map duplicate logical channels to frequency carriers, following CBR/PPPP-based Tx carrier selection criterion.

Thirdly, RRCConnectionReconfiguration is to configure the LCG-PPPP mapping for mode-3, in order for network to be aware of the data volume of different PPPP from BSR report. 





logicalChGroupInfoList-r14

LogicalChGroupInfoList-r13

However, this is helpful for the network to differentiate the data volume requiring duplication or not. So the first enhancement is to configure the LCG mapping not only considering the PPPP, but also considering PPPR. In more details, there could be two ways, i.e., for duplicated logical channels A and B:

· Only map one logical channel A to LCG, the network can derive the data volume of B from report on A. In this way, the LCG for A has to be separated from the LCG for the logical channels which are not duplicated – which can be implemented by mapping duplicated / non-duplicated PPPP to different LCG.

· Map logical channel A and B to separated LCGs. In this way, the LCG for A (or for B) can include the logical channels which are not duplicated as well – which requires the specification support of mapping a same PPPP to multiple LCG.

Proposal 4 For mode-3 Tx UE, network configures the LCG mapping based on PPPP and PPPR.

2.2 For Rx
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 three 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-C: Network configured mapping – It is not clear on how the network configuration can be done here. In order to support inter-cell / operator Rx-UE to be aware of the mapping, the configuration cannot be cell / operator specific, but should be globally aligned, i.e., we foresee no clear benefit to have this configurability at AS or NAS layer. Furthermore, If it is up to network to configure the LCID used to duplicate, e.g., to configure LCID 11 as duplicated leg of LCID 1, which means that LCID 11 is defined as ‘LCID for candidate duplicate LCID’ in Rel-14, and thus LCID 11 should be prohibited from being used for other usage. Otherwise, e.g., if in Rel-16, LCID 11 is defined for a new MAC CE, and at the same time if LCID 11 is configured for duplication, it would cause an abnormal case for Rx UE to handle.
In short, Alt-C seems not clear. Alt-A statically occupies more LCID space thus 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 5 Use static mapping between RB ID and LCID 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 and LTE Uu CA duplication.


Based on the observations, we propose:
Proposal 1
RRC_CONNECTED UE reports PPPR in SidelinkUEInformation.
Proposal 2
UE (de)activates duplication based on (pre)configuration of PPPR level, CBR level and PPPP level.
Proposal 3
After duplication is activated, UE bases on (pre)configuration to map duplicate logical channels to frequency carriers, following CBR/PPPP-based Tx carrier selection criterion.
Proposal 4
For mode-3 Tx UE, network configures the LCG mapping based on PPPP and PPPR.
Proposal 5
Use static mapping between RB ID and LCID for PC5 PDCP duplication.
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