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1. Introduction

This paper addresses following issues:
· SL DRX configuration rejection

· Congestion issue in Broadcast and Groupcast communication

· Discussion for FFS part of [POST116-e][715] and [718]
· SL DRX Configuration during Unicast establishment procedure
2. SL DRX configuration rejection
In last meeting, two step configuration procedure is adopted as baseline for unicast, as following

For unicast, a two-step process (i.e., RX UE accepts or rejects TX UE’s suggestion) is adopted as a baseline, i.e., FFS on the following TX/RX UE behaviours when reject happens.


• Step 1: TX UE sends RRCReconfigurationSidelink containing a SL DRX configuration to be applied by RX UE to RX UE


• Step 2: RX UE replies with a PC5-RRC signalling indicating acceptance or rejection for the SL DRX configuration. FFS on whether the new rejection cause for SL DRX needs to be defined. FFS on whether RRCReconfigurationFailureSidelink or RRCReconfigurationCompleteSidelink is used in Step 2.

It is FFS whether reconfiguration failure or complete message is used for rejection in step 2. This is also discussed in POST email discussion in [1] but without any consensus so far. Since SL DRX configuration is carried in reconfiguration message together with SL radio configuration, we see following possibilities for failure cases:
Case 1) Radio configuration success, SL DRX configuration success
Case 2) Radio configuration success, SL DRX configuration failure
Case 3) Radio configuration failure, SL DRX configuration success

Case 4) Radio configuration failure, SL DRX configuration failure
For different cases, Rx UE behavior could be different. And in our opinion, UE behavior is as following:
Case 1) Rx UE apply radio configuration and SL DRX configuration

Case 2) Rx UE apply radio configuration, rejects SL DRX configuration, and continues to use the current DRX configuration

Case 3) Rx UE rejects radio configuration and continues to use current configuration; Rx UE applies SL DRX configuration

Case 4) Rx UE rejects complete configuration and continues to use current configuration

For case 1), we could use complete message as in legacy. For case 2), case 3), case 4), we think it is better to reuse failure message since this will ensure that the Tx UE takes notice of a failed procedure.
Proposal 1: Reuse RRCReconfigurationFailureSidelink to indicate SL DRX configuration failure.
Additionally, a failure cause can be added to differentiate case 2) and case 3), i.e., to indicate whether the failure is radio configuration failure or SL DRX configuration failure. For case 4), no cause is needed since all configurations are failure. This kind of differentiation is also in favor of reporting to gNB and gNB can know how to do next step reconfiguration based on failure cause.

Proposal 2: A failure cause is added in RRCReconfigurationFailureSidelink to differentiate whether the radio configuration has failed or if SL DRX configuration has failed. 
RAN2 further needs to discuss if there’s any benefit of Rx UE reporting failures (partial or full) to its serving gNB. Since it is possible that the gNB of the Tx UE is different from the gNB of the RX UE, it is not easy to see if the gNB can do anything about such failures. And even of the gNBs (of Tx and Rx UEs) are same, RAN2 should deliberate on what possible benefits can come from informing gNB about the failures.
3. Congestion issue in Broadcast and Groupcast communication
Following agreements were reached in RAN2#114e:

Agreements on DRX for SL GC and BC

1: 
WA: RAN2 assumes that 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, as per TR 23.776 conclusion, and will further discuss SL DRX design based on this working assumption. RAN2 does not need to send LS to SA2 to clarify this issue.

2:
For GC/BC, DRX cycle should take at least QoS requirement into consideration.

3:
For GC/BC, DRX cycle(s) is configured per QoS profile. FFS on the need of down-select one DRX cycle from available DRX cycles for a specific L2 DST ID if UE has multiple QoS profiles for same DST L2 ID.

4:
For GC/BC, DRX cycle is configured per QoS profile.

5a:
For GC/BC, RAN2 understands that sl-drx-startoffset does not take QoS requirement into consideration.

5b:
For GC/BC, For GC/BC, sl-drx-startoffset is set based on DST L2 ID.
As seen above, in RAN2#114e meeting, it was agreed that for GC/BC, DRX cycle is configured per QoS profile. And for GC/BC, RAN2 understands that sl-drx-startoffset does not take QoS requirement into consideration, and sl-drx-startoffset is set based on DST L2 ID. Further, it was left FFS on the need of down-select one DRX cycle from available DRX cycles for a specific L2 DST ID if UE has multiple QoS profiles for same DST L2 ID.
The agreement that sl-drx-startoffset is set based on DST L2 ID was made for load distribution such that different L2 IDs using a particular QoS class do not start the on-duration based data transmission at the same time. This would result in peak load at the start of on-duration timer and would lead to collisions and poor performance in general.

The “# of UEs” in SA1 requirement TS [2] for most stringent/dense cases including Motion Control, Mobilt robots, Primary frequency control, Distributed Voltage Control etc. hints of UE density of <1000 per KM2. With an assumption that these dense cases (or some of these) would be solved using sidelink based solutions, we are looking at not more than 10,000 UEs
 in a square KM. With L2 Destination IDs leading to ~ 16.7 million devices (=2^24), even 10,000 UEs represent only 0.06% space. This means that if the sl-drx-startoffset is based on per L2 ID then even in the densest deployments 99.94% time opportunities (to start on-duration timer) will remain unused – leading to highly inefficient resource allocation. In another scheme, the entire 16.7 million L2 IDs space is distributed in ‘N’ equal parts with each having a corresponding sl-drx-startoffset. We think this is even not the best way since:

a) Since the L2 Id generation at the upper layers not known and does not guarantee random/ equal distribution across the ID space, it is possible that in a geo most/all IDs and therefore the sl-drx-startoffset are the same

b) A majority of sl-drx-startoffset will/ may remain unused in a geo leading to lop sided use of resources

c) There can’t be a guarantee that multiple groups are not using the same sl-drx-startoffset and therefore collisions will occur and we would need mechanisms (sensing) anyway to mitigate this

d) If the group size is 20, many of these will start to transmit at the start of the active time (data accumulating during the inactive periods) and the L2 ID based sl-drx-startoffset can’t help for resulting collisions and HD (Half Duplex) issues since all the members of the same group use the same L2 destination ID.

So, since we will need another solution (e.g., one or more retransmissions at randomly distributed transmission opportunities), and L2 ID based start-offset can’t achieve sufficient decongestion.

Proposal 3: Solutions to avoid resource congestion, half duplex issue at the beginning of active time need to be discussed.
4. Discussion for proposals of [POST116-e][715]
· For [715] Proposal 2: “[Proposal 2]: UE reports sidelink DRX configuration to its serving gNB, upon receiving sidelink DRX configuration information from the peer UE. FFS the reporting is after UE accepting the received sidelink DRX configuration”
The proposal is for Rx UE with UC, which allows Rx UE reports SL DRX configuration to serving gNB when UE is in CONNECTED mode, and left FFS whether Rx UE report the configuration after accept it which also implies Rx UE will not report the configuration if Rx UE reject the configuration. 

The proposal is highly related to [718] Proposal 5 which relates to who determines the accept or reject the configuration. If Rx UE determines the accept or reject as in Proposal 5, it is reasonable that Rx UE report the configuration after it accept it to avoid unnecessary signalling. 

Proposal 4: If the RX UE determines the acceptance or rejection of SL DRX configuration for UC received from peer UE, the Rx UE UE reports sidelink DRX configuration to its serving gNB after UE accepting the received sidelink DRX configuration
5. SL DRX Configuration during Unicast establishment procedure
For initiating a unicast communication, one sidelink SRB (i.e. SL-SRB0) is used to transmit the PC5-S message(s) before the PC5-S security has been established. One sidelink SRB (i.e. SL-SRB1) is used to transmit the PC5-S messages to establish the PC5-S security. One sidelink SRB (i.e. SL-SRB2) is used to transmit the PC5-S messages after the PC5-S security has been established, which is protected. One sidelink SRB (i.e. SL-SRB3) is used to transmit the PC5-RRC signalling, which is protected and only sent after the PC5-S security has been established, e.g. RRCReconfigurationSidelink. The unicast establishment procedure is shown in the following figure


[image: image1.emf]UE-1

5a. Direct Communication Accept (Unicast)

UE-2 UE-3 UE-4

2. V2X application layer 

provides application 

informationfor PC5 

unicast communication.

1. UE-2determines

the destination 

Layer-2 ID for 

signalling reception.

1. UE-3determines

the destination 

Layer-2 ID for 

signalling reception.

1. UE-4determines

the destination 

Layer-2 ID for 

signalling reception.

3. Direct Communication Request(Broadcastor Unicast)

A) UE oriented Layer-2 link establishment

B) V2X Service oriented Layer-2 link establishment

5b. Direct Communication Accept (Unicast)

6. V2X service data over unicast link 

5b. Direct Communication Accept (Unicast)

6. V2X service data over unicast link 

6. V2X service data over unicast link 

4a. Security Establishment

4b. Security Establishement

4b. Security Establishment


Figure 6 Unicast establishment procedure in V2X layer

According to the current RAN2 agreements reached for SL enhancements, it is not clear which SL DRX configuration is used during the SL unicast establishment procedure and during the time period after a SL unicast link has been established until the DRX configuration is configured between the peer UE(s) of the SL unicast link used. That is to say, before SL DRX is configured between peer UEs, it is not clear what SL DRX configuration is used for SL-SRB0 ~ SL-SRB3. 

It needs to be for example ensured that the peer UEs DRX Active Times are aligned such that they are able to transmit/receive the PC5 RRC message during the PC5-RRC Reconfiguration procedure which is used to configure the SL DRX configuration..

Observation 1: it is not clear what SL DRX configuration is used for SL-SRBs during unicast establishment procedure.
In one option a common/predefined DRX configuration is used for the transmission/reception of SL-SRB0 and SL-SRB1 and SL-SRB2 during the unicast link establishment procedure until and including the Direct Communication Accept (DCA) message is sent/received. The Direct Communication Accept message includes some QoS Information, i.e., the information about the PC5 QoS Flow(s) requested by the initiating UE (Tx UE). For each PC5 QoS Flow, the PFI, the corresponding PC5 QoS parameters (i.e., PQI and conditionally other parameters such as MFBR/GFBR, etc.) and the associated V2X service type(s) are included. In response to the transmission/reception of the DCA message the peer UEs of the unicast link can apply DRX configuration(s) predefined/preconfigured for the QoS flows respectively the PQI(s) associated with the QoS flows, e.g., for each PQI a predefined/preconfigured DRX configuration is used. As already discussed in our previous contributions, applying a DRX configuration per PQI allows to better reflect the QoS of the sidelink service. As shown in the figure below such predefined SL DRX configuration(s), e.g., derived based on PQI of the established QoS-flows/SL RBs, are used until the peer UEs may configure a different DRX configuration by means of the RRCReconfigurationSidelink procedure, e.g., until reception of RRCReconfigurationSidelink complete message.
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Figure 7 SL DRX configuration utilized during unicast establishment procedure

Another option would be to use a common/predefined DRX configuration for unicast establishment procedure, i.e. the transmission/reception of DCR message, the security establishment procedure and DCA message and also to use after the SL unicast establishment, e.g. for the transmission/reception of SL service data, until the peer UEs may configure a different DRX configuration by means of the SL RRCReconfiguration procedure, e.g. until reception of SL RRCReconfiguration complete message. To be more specific the common/predefined DRX configuration is also used for the SL RRCReconfiguration procedure in order to configure/fine-Tune the DRX configuration between the peer UEs for a PC5 unicast link.

Alternatively, no DRX is applied after the unicast link has been established always awake, e.g., Rel-16 behaviour, until a dedicated SL DRX configuration is configured between the peer UE(s) by means of the SL RRCReconfiguration procedure. As a consequence, the PC5 RRC messages used for configuring the DRX configuration between a Rx and Tx UE for a unicast transmission which are transmitted on SL SRB3 can be sent at any point of time. However, this option would come at the expense of an increased power consumption. 

After further analysis we prefer the Option 1 since it most aligned with general SL DRX operation (BC/ GC) and allows the dedicated SL DRX to be used at the very first opportunity.
· Option 1: preconfigured SL DRX configuration for [DCR~DCA], per-PQI SL DRX configuration after DCA and until dedicated SL DRX configuration is complete
Proposal 5: RAN2 agree the SL DRX configuration used during unicast establishment procedure, with following option:
· Option 1: preconfigured SL DRX configuration for [DCR~DCA], per-PQI SL DRX configuration after DCA and until dedicated SL DRX configuration is complete
6. Conclusion

In this contribution, the following observations and proposals are made:
SL DRX configuration rejection

Proposal 1: Reuse RRCReconfigurationFailureSidelink to indicate SL DRX configuration failure
Proposal 2: A failure cause is added in RRCReconfigurationFailureSidelink to differentiate whether the radio configuration has failed, or SL DRX configuration has failed.

Congestion issue in Broadcast and Groupcast communication

Proposal 3: Solutions to avoid resource congestion, half duplex issue at the beginning of active time need to be discussed.

Discussion for proposals of [POST116-e][715]

Proposal 4: If the RX UE determines the acceptance or rejection of SL DRX configuration for UC received from peer UE, the Rx UE UE reports sidelink DRX configuration to its serving gNB after UE accepting the received sidelink DRX configuration

SL DRX Configuration during Unicast establishment procedure 

Observation 1: it is not clear what SL DRX configuration is used for SL-SRBs during unicast establishment procedure.

Proposal 5: RAN2 agree the SL DRX configuration used during unicast establishment procedure, with following option:

· Option 1: preconfigured SL DRX configuration for [DCR~DCA], per-PQI SL DRX configuration after DCA and until dedicated SL DRX configuration is complete
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