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1. Introduction

In RAN2#113 in an email discussion [1] the topic of “granularity of SL DRX operation for groupcast broadcast” was discussed and the following two candidates emerged:
· PQI based granularity

· L2 destination based granularity

However, a conclusion was not reached. This document attempt to take this issue to a conclusion and address related aspects.

2. Discussion
PQI as granularity: SA2 meeting#143 agreed a CR [2] that specifies QoS Provisioning for a Prose receiver device. Based on their approved CR, not only a transmitter SL UE knows about the QoS (PQI) of a new service requesting radio services but also a receiver SL UE anticipates data of certain PQI(s) of interest. This allows both the transmitter and receiver SL devices to use PQI as a common basis to initiate sidelink communication using a corresponding DRX configuration.

Further, since there is both a limited number of PQIs defined for SL communication and the limited number still provides sufficient granularity for defining DRX configurations – PQI is a reasonable basis for deriving the DRX configurations.
Finally, PQIs are manifestation of QoS i.e. PQIs when used as a common basis to derive a corresponding DRX configuration shall be able to accurately represent and fulfill important QoS aspect like latency – defining the corresponding offset and periodicity of a DRX cycle.

L2 destinations as granularity: Unlike PQIs, L2 destinations on the other hand are huge i.e. 2^24 and even if these are partitioned into some limited ranges, there’s no guarantee that L2 Destination Id allocation in one part is not significantly different than other parts. If these parts are mapped to DRX configurations – some DRX configurations will be much heavily used than other DRX configurations. This will lead to very unbalanced sidelink resource usage.  
Secondly, L2 destination ID can’t really represent QoS in any way – so, gNB can’t predict that L2 Destination Id will only be allocated by any UE application only for say very latency sensitive data (so smaller DRX Cycle periodicity).

Therefore, we propose:

Proposal 1: PQI is used as the granularity for DRX configuration for Broadcast and Groupcast sidelink communications.

Communication flow:

Based on the mentioned SA2 agreement both transmitter and receiver sidelink UEs are provisioned with PC5 QoS parameters defined in clause 5.4.2 of TR 23.752 (i.e. PQI and conditionally other parameters such as MFBR/GFBR, etc.). This allows even a receiver to anticipate data for certain PQIs or at least to a default PQI. This allows the PQI based DRX configuration granularity to be used from the very beginning.
Therefore, we propose:

Proposal 2: PQI based granularity for DRX configuration of Broadcast and Groupcast sidelink communications are used from the very beginning (i.e. since Transmitting UE sends the first V2X service data and the destination is listening on PQI based granularity for DRX configuration).

LCP aspect:

As discussed above, per-PQI SL DRX configuration is preferred, which can better reflect the QoS of the sidelink service. Further, we would like to discuss how per-PQI SL DRX configuration is utilized in AS layer. Currently in legacy sidelink, mapping relationship among PQI, sidelink RB, and logical channel can be (pre)configured, and UE will create SLRB according to such (pre)configuration. Thus, in theory, UE knows PQIs that are mapped to each logical channel, which means UE knows SL DRX configurations that mapped to each logical channel, if SL DRX configuration is per-PQI configured. 
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Figure 1 Sidelink configuration for SLRB and logical channel

Observation: UE knows the mapping relationship between SL DRX configurations and logical channels, according to (pre)configured SLRB configuration and per-PQI SL DRX configuration

Different from Uu DRX, MAC layer needs to maintain multiple sets of SL DRX timers for broadcast/groupcast. Based on above observation, MAC layer can be exposed with the information of mapping relationship between SL DRX configurations and logical channels. For example, such information can be indicated by RRC layer to MAC in one of the following ways: 1) (pre)configuration from NW configure SL DRX for each PQI, and UE RRC derives SL DRX configuration(s) for each logical channel based on PQI-to-logical channel mapping relationship for MAC layer; 2) (pre)configuration from NW directly configure SL DRX for each logical channel. . Then MAC layer can maintain SL DRX timers for each logical channel and can derive the active time for each logical channel as well. 

Observation: MAC layer can derive the active time for each logical channel

According to legacy MAC PDU LCP procedure, a destination which has the highest priority logical channel that satisfies all the configured conditions, LCH restrictions will be selected in a first step, and then logical channels from the same destination will be multiplexed into the MAC PDU. With SL DRX introduced, the impact on LCP procedure needs further discussion. The LCP procedure is as following
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Figure 2 legacy sidelink LCP procedure

For example, during destination and logical channel selection, SL DRX impact should be considered. If specific logical channel is not in the active time for the SL grant/PSSCH duration, e.g. SL grant provided by gNB, then such kind of logical channel should not be considered during Destination selection. Basically, during destination selection, only those destination which has the highest priority logical channel that is in the active time for the PSSCH duration can be selected. Similar behaviour may be applied for the selection of logical channels for the TB generation. Tx UE should only transmit data of sidelink logical channels which are in ActiveTime for the allocated SL resources. Data of those logical channels belonging to the selected Destination which are not in ActiveTime for the allocated SL resources are not considered for the TB generation, i.e. data of such LCHs cannot be multiplexed into a TB. 

For mode 2 resource allocation mode, Tx UE also needs to consider the DRX configurations of the LCH(s) in a TB during the SL resources (re)selection procedure. Basically, Tx UE should exclude all candidate SL resources, e.g. within the selection window, which are not part of the ActiveTime of the DRX configuration(s) associated with the Logical channels included in a TB.

Proposal 3: During LCP, only those logical channels should be considered for Destination selection and TB generation procedure that are in ActievTime for a corresponding SL grant. 
Proposal 4: For mode 2 resource allocation mode, Tx UE also needs to consider the DRX configurations of the LCH(s) in a TB during the SL resources (re)selection procedure.

For groupcast, the SL DRX timers were discussed in last RAN2 meeting, and there’s a FFS on the need of HARQ retransmission timer. If HARQ retransmission timer is supported for groupcast, then UE is in active time when HARQ retransmission timer is running, and UE can transmit SL data including both initial transmission and retransmission. However, for groupcast, it may happen that some UEs in the group have correctly received the data from transmitting UE, which means retransmission timer is not started by these UEs. If Tx UE transmits new packet during retransmission timer is running, the said successful UEs (who already correctly received the previous PSSCH) will miss the new transmission. Thus, further restriction for new packet transmission during retransmission timer is needed for groupcast.

Proposal 5: In groupcast communication, a new transmission may not be made when retransmission timer is running.
3. Conclusion

In this contribution, the following proposals and conclusions are made:
Proposal 1: PQI is used as the granularity for DRX configuration for Broadcast and Groupcast sidelink communications.

Proposal 2: PQI based granularity for DRX configuration of Broadcast and Groupcast sidelink communications are used from the very beginning (i.e. since Transmitting UE sends the first V2X service data and the destination is listening on PQI based granularity for DRX configuration).

Observation: UE knows the mapping relationship between SL DRX configurations and logical channels, according to (pre)configured SLRB configuration and per-PQI SL DRX configuration

Observation: MAC layer can derive the active time for each logical channel

Proposal 3: During LCP, only those logical channels should be considered for Destination selection and TB generation procedure that are in ActievTime for a corresponding SL grant. 

Proposal 4: For mode 2 resource allocation mode, Tx UE also needs to consider the DRX configurations of the LCH(s) in a TB during the SL resources (re)selection procedure.

Proposal 5: In groupcast communication, a new transmission may not be made when retransmission timer is running.
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5. Annex
	It is proposed to capture the following changes into TR 23.776.

* * * * First change * * * *

7.2
Conclusions for PC5 DRX operations

For Key Issue #1 (Support of QoS aware NR PC5 power efficiency for pedestrian UEs), regarding NR PC5 DRX operations the following principles are taken as the interim conclusion:

-
The V2X application layer provides inputs for V2X layer to determine PC5 DRX assistance information.

Editor's note:
It is FFS whether the inputs described in TS 23.287 [5] (e.g. V2X Application Requirements) are sufficient or additional inputs (e.g. traffic pattern) are needed from the V2X application layer.

-
The V2X layer may provide the PC5 DRX assistance information to the AS layer.

-
For groupcast and broadcast, the AS layer of Rx UE needs PC5 QoS parameters to determine the PC5 DRX parameter values for V2X communication over PC5 reference point. Therefore, the V2X layer of Rx UE determines the interested V2X service types, and derives the corresponding PC5 QoS parameters based on either the mapping of V2X service types to PC5 QoS parameters, or the V2X Application Requirements for the V2X service type (e.g. priority requirement, reliability requirement, delay requirement, range requirement) provided by the application layer. The V2X layer of Rx UE passes the PC5 QoS parameters together with the corresponding destination layer-2 ID(s) for reception to the AS layer.
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