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1 Introduction
As per the recently approved NR V2X WID, the design of MAC protocol for NR sidelink is one of the objectives falling into RAN2 scope:

	· Sidelink L2/L3 protocols and signalling

· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]


Logical channel prioritization (LCP) is one of the most important procedures in MAC, and during the SI phase, it was agreed to introduce sidelink specific LCP in NR as follows: [1]:
Agreements on MAC:

1:
RAN2 will capture L2 packet filtering function with the condition (i.e. if full L1 id is not used in L1 control information). It is FFS whether we need additional filtering function for unicast and groupcast.

2:
Sidelink carrier/resource (re-)selection function is supported in NR MAC at least for NR Sidelink broadcast. RAN2 should further study whether LTE operation can be reused for Sidelink carrier/resource (re-)selection function in NR, considering RAN1 progress.

3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

4:
Sidelink specific LCP is supported at least for NR sidelink broadcast in NR MAC. RAN2 should further study how Sidelink specific LCP will work.
5:
Sidelink Buffer Status Reporting is supported for NR sidelink broadcast, groupcast and unicast in NR MAC.

6:
UL/SL TX prioritization is supported for NR sidelink broadcast, groupcast and unicast in NR MAC. Study potential improvements to UL/SL TX prioritization, if necessary e.g. due to potential impact on QoS.

7:
RAN2 should additionally study whether and how to enhance SR procedure/configuration, MAC PDU format, HARQ/CSI feedback/procedure (for groupcast and unicast) (if there is any stage 2 RAN2 issue), and configured SL grant transmission in NR MAC.

In this contribution, we will discuss how sidelink specific LCP should work in NR, taking into account the principles adopted in the LCP procedures by both LTE SL and NR Uu.
2 Discussion
In LTE V2X [2], the sidelink Logical Channel Prioritization procedure is conducted per Destination, i.e. only the data of the LCHs belonging to the same Destination can be multiplexed into the same MAC PDU, which is inherited from LTE D2D. This enables the packets in each MAC PDU to be identified by the Destination to which they should be delivered, and thus to be received by UE(s) really corresponding to that Destination. 
Observation 1: In LTE V2X, only packets to the same destination can be multiplexed into a SL MAC PDU.

When it comes to NR SL, in earlier RAN2 meetings someone proposed to multiplex service data targeting different destinations into one MAC PDU. However, there might be some technical problems to support such a scheme. Particularly, in RAN1 #Adhoc 1901 meeting, RAN1 agreed to include Layer-1 destination ID in SCI [3] for the purpose of L1 data filtering; this applies at least for the type of cast for which HARQ feedback is supported, i.e. unicast and/or groupcast. 
	Agreements:

· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID

· FFS size of Layer-1 destination ID


Based on this agreement, if data associated with multiple destinations (i.e. multiple target UEs/multiple groups) were really to be multiplexed into one MAC PDU, there could be a technical issue that the UE in the PHY cannot decide which of these destinations should be eventually selected and set as the Layer-1 destination ID in the SCI. Such a technical issue may not be able to be solved for unicast and/or groupcast with the existing RAN1 agreement. Therefore, at least for unicast and/or groupcast, multiplexing data of different Destinations into the same MAC PDU does not work, and the per-Destination sidelink LCP should be inherited. Also, we prefer a common LCP procedure for all unicast, groupcast and broadcast to different sidelink LCP procedures separated by cast types. 
Based on the above analysis, we propose to inherit the principle adopted for LTE SL, i.e., only service data targeting the same destination can be multiplexed into one MAC PDU.
Proposal 1: In NR SL LCP, only data towards the same destination can be multiplexed into a MAC PDU.
In NR Uu, there are some LCP mapping restrictions: each LCH is configured with some restrictions for LCP and UL resources received are only allocated to the LCH whose restrictions are met by the UL grant. These restrictions include those for numerology (SCS), PUSCH length, allowed cell (carrier) and configured grant type. Below we discuss, based on above preliminaries for NR Uu, whether/what LCP mapping restrictions need to be considered also for SL LCP in NR. 

In NR UL, when performing LCP, the logical channel whose data can be transmitted is selected based on the aforementioned mapping restrictions and the characteristics of the UL grant received, as per the following procedures [5]:
	5.4.3.1.2
Selection of logical channels

The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to TRUE in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication for which PDCP duplication is deactivated.


A main motivation to introduce such LCP mapping restriction is to enable the services with different performance requirements to be transmitted by the resources with proper physical characteristics (e.g. numerology, PUSCH length, configured grant type, etc.) respectively. For example, it is beneficial for the URLLC data to be delivered by resources with larger SCS and shorter PUSCH duration to guarantee its latency requirement, whereas for eMBB data resources with a smaller SCS and longer PUSCH duration may also be acceptable for the UL transmission.
In NR V2X, those advanced V2X services can also be with rather different QoS requirements, with some services similar to URLLC (e.g. 3 ms latency and 99.999% reliability demands for extended sensor and advanced driving) and some others more like eMBB. Therefore, same as NR Uu, sidelink LCP mapping restrictions between sidelink LCHs and sidelink grant should also be supported to serve the V2X services with different QoS demands in NR SL.

Proposal 2: Sidelink LCP procedure in NR should support LCP mapping restrictions between SL LCHs and sidelink resources.

Below, we discuss which specific mapping restrictions should be included for sidelink LCP. It was already agreed by RAN1 that in NR sidelink multiple numerologies, e.g. multiple SCSs, will be supported [4]:

	Agreements:

· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.


Also, the length of PSSCH, similar to PUSCH duration, can also lead to obvious impacts on the latency for sidelink data transmission; if it is agreed to be configurable by RAN1, it should also be considered in the LCP mapping restriction for NR SL. To this end, sidelink LCP mapping restrictions can include those for numerology (SCS) and PSSCH length of the sidelink grant allowed for each SL LCH.

Proposal 3: Sidelink LCP mapping restrictions include the restrictions for numerology (SCS) and PSSCH length of the sidelink grant allowed for each SL LCH.
In NR Uu, the type of the configured UL grant is considered in LCP mapping restrictions, with the purpose of restricting configured grant type 1 to be only used by some specific (e.g. URLLC) services with periodic traffic and stringent latency requirements. During the SI phase, RAN1 already agreed that both configured grant type 1 and type 2 are supported for NR SL [3]:

	Agreements:

· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 


Considering performance requirements of some advanced V2X services are similar to those of the services requiring stringent delay (e.g. URLLC) in Uu, sidelink LCP mapping restrictions can also include restriction on the type of usable configured grant of each SL LCH.
Proposal 4: Sidelink LCP mapping restrictions include the restriction on the usable configured grant type for each SL LCH.
In NR Uu, when a DRB is configured with PDCP duplication, it will be associated with two different logical channels. When PDCP duplication is activated, packets will be duplicated in PDCP and sent to these two logical channels respectively. In order to avoid the duplicated packets being multiplexed into the same MAC PDU, there is a restriction that packets from the two logical channels are only allowed to be transmitted on UL grants from two different carriers (i.e. serving cells). In Rel-15 LTE V2X SL, when PDCP duplication is activated, there is a similar restriction, i.e. packets from two corresponding logical channels should be transmitted on sidelink grants from two different SL carriers; but this restriction is autonomously decided by UE implementation. 
In NR V2X, it was agreed by RAN2 during the SI phase that the SLRBs can be also NW configured [6]. Therefore, if PDCP duplication is still supported, then similar to NR Uu, , we think LCP mapping restrictions should also consider the allowed carriers associated with each logical channel of the SLRB configured/activated with PDCP packet duplication.
Proposal 5: If PDCP duplication is supported for NR SL, sidelink LCP mapping restrictions include the allowed carriers associated with each of the two logical channels of the SLRB configured/activated for PDCP duplication.
Below, we discuss what additional restrictions should be further considered for NR SL, besides the analogy to NR Uu. In LTE V2X, due to regional regulations, there is a mapping rule between the V2X service types and the V2X frequencies which can be configured by the V2X control function [7]. The UE should ensure a V2X service to be transmitted on the corresponding frequency(ies). In the AS, such a mapping is reflected by the applicable carrier(s) associated with each Destination. For scheduled resource allocation, the V2X UE may report the mapping rule between the V2X frequencies and destination Layer-2 IDs to the eNB by SidelinkUEInformation message [8]. During sidelink LCP, only sidelink logical channels of the destination Layer-2 IDs allowed on the carrier where the sidelink grant is located will be considered. In NR V2X, we think such a principle should be inherited.

Proposal 6: Sidelink LCP mapping restrictions include the applicable carriers of each sidelink logical channel configured by the upper layers.
During the SI stage, RAN2 confirmed the support of the case that a UE is configured to perform both mode-1 and mode-2 at the same time [6]. 
Agreements on resource allocation/configuration:

1-12: Confirm that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission.
Different modes are suitable to support services with different QoS requirements. For mode-1, the sidelink grants are scheduled by the gNB, providing higher performance than mode-2. Thus, mode-1 is beneficial to some services with stringent performance requirements. On the contrary, for mode-2 the sidelink grants are autonomously selected by V2X UE in a distributed way, and the mode-2 transmissions would suffer from resource collisions which result in the performance of mode-2 not as good as that of mode-1. However, mode-2 could be beneficial from signalling overhead perspective, and may also be characterized by a quicker reaction of the UE on data arrival. Thus, mode-2 is more suitable for the services with performance requirements not that stringent. 
Services with different QoS requirements may be mapped to different SLRBs, and thus sent through different SL LCHs. In order to apply different modes to serve services with different QoS requirements, we think sidelink LCP mapping restrictions can also take into account the modes used to obtain the sidelink resources. 

Proposal 7: Sidelink LCP mapping restrictions can take into account the mode used to obtain the sidelink resources.
3 Conclusion

In this paper, we discussed several issues about sidelink LCP procedure, and the following observations and proposals have been given: 
Observation 1: In LTE V2X, only packets to the same destination can be multiplexed into a SL MAC PDU.

Proposal 1: In NR SL LCP, only data towards the same destination can be multiplexed into a MAC PDU.

Proposal 2: Sidelink LCP procedure in NR should support LCP mapping restrictions between SL LCHs and sidelink resources.

Proposal 3: Sidelink LCP mapping restrictions include the restrictions for numerology (SCS) and PSSCH length of the sidelink grant allowed for each SL LCH.
Proposal 4: Sidelink LCP mapping restrictions include the restriction on the usable configured grant type for each SL LCH.
Proposal 5: If PDCP duplication is supported for NR SL, sidelink LCP mapping restrictions include the allowed carriers associated with each of the two logical channels of the SLRB configured/activated for PDCP duplication.
Proposal 6: Sidelink LCP mapping restrictions include the applicable carriers of each sidelink logical channel configured by the upper layers.
Proposal 7: Sidelink LCP mapping restrictions can take into account the mode to used obtain the sidelink resources.
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