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1. Discussion
KI#1 is addressed by the following solutions as per 3GPP TR 23.776:

Table 6.0-1: Mapping of Solutions to Key Issues
	
	Key Issues

	Solutions
	1

QoS aware NR PC5 power efficiency

	1
	♥

	2
	♥

	3
	♥

	4
	♥

	5
	♥

	6
	♥

	7
	♥


The following is an evaluation of each Solution.

Solution 1: Proposes the V2X layer to determine the DRX schedule based on the service requirements of different V2X applications. The Pedestrian UE determines the DRX schedule based on implementation and has no configuration information to determine the DRX schedule. The V2X layer then configures the DRX schedule to the AS layer. The AS layer aligns the Uu DRX settings with the NG-RAN. In case a unicast communication is requested to be established the pair of UEs negotiate a new DRX configuration for unicast. The V2X layer indicates to the upper layer the new DRX schedule that the application uses to determine its traffic generation schedule accordingly. 
The solution requires the RAN to determine:

-
how does V2X layer understand the TX/RX resource pool adopted in the access stratum;

-
how does V2X layer try to align the SL DRX with Uu DRX configured by gNB
Solution 2: Proposes a UE to be configured with a set PC5 DRX patterns for in-coverage or out-of-coverage operation. The PC5 DRX pattern may be associated with one or more V2X services. The configuration is provided within V2X configuration information from the AF and/or PCF or from the RAN (for in-coverage). A PC5 DRX pattern includes information about the ON/OFF periods that shall be used in the (AS-layer) PC5 DRX schedule. The V2X layer indicates (using broadcast or groupcast communication over the PC5 interface) the applied PC5 DRX pattern to other relevant UE(s) to allow peer UE to select its PC5 DRX pattern in a coordinated manner
Solution requires RAN to determine how the UE receives DRX configuration information from the RAN and how the AS layer applies the DRX configuration provided by the V2X layer.
Solution 3: Proposes a solution for DRX configuration negotiation for unicast communication taking into account the QoS requirements of the application. The negotiated DRX configuration information is configured to the AS layer. The solution applies only for unicast signalling.

Solution 4: Propose the upper layer to notify the V2X layer whether the UE should operate in Incomplete or Complete Reception Mode. The upper layers determine based on the UE location. 
-
Complete Reception Mode: the UE in this mode receives V2X service data continuously, e.g. the radio interface of PC5 is on all the time for a pedestrian UE, which is extremely power consuming

-
Incomplete Reception Mode: the UE in this mode receives V2X service data periodically, by setting a reception window length and a reception cycle, to receive V2X service data during the reception window per reception cycle.
After the Incomplete Reception Mode is activated, the pedestrian UE sends the Incomplete Reception Announcement message periodically to broadcast the reception window information. It is unclear in the solution how the UE notifies how Incomplete reception mode is deactivated.
Solution 5: Proposes the UE to configures an "Active Time" and an "Inactive Time" for V2X Communication over PC5 based on the received PC5 DRX configuration. When the UE is in "Inactive Time" the UE enters in a "sleep" state and does not transmit or listen for V2X messages over PC5. When the UE is in "Active Time" the UE can transmit V2X messages provided by the V2X application layer or listen for V2X messages over PC5. If the V2X application provides the data during the UE's inactive state the UE buffers the data and transmits them during the Active Time Period. If the "Active time" configured cannot support QoS requirements of an application the AS layer determines an "offset" extending the active time to support the QoS requirements.
Two options are provided for PC5 DRX configuration. Default DRX configuration from AMF and/or PC5 DRX configuration per PQI or per list of PQI from AF/PCF. The V2X layer provides the PC5 DRX configuration for each PC5 QoS Flow. The AS layer in the UE combines the DRX configuration or determines the UE to operate in always-on mode.
Solution requires RAN to confirm if the AS layer can combine the DRX configuration from multiple QoS Flows.

Solution 6: Proposes to define one PC5 DRX cycle per NR PC5 RAT (not per V2X service type). NG-RAN takes PC5 QoS parameters (which are provided from the AMF during registration procedure as described in clause 6.5.2 of TS 23.287 [5]) into account when the NG-RAN determines and configures the UE with the UE specific PC5 DRX cycle for NR PC5 RAT. 
RAN needs to confirm how the NG-RAN provides the UE specific PC5 DRX cycle

Solution 7: Suggests that no new QoS mechanism on top of those already defined in TS 23.287 [5] is needed to support V2X messages sent by P-UEs including the general V2X messages from the P-UEs as well as the V2X messages from the cluster head representing all cluster member P-UEs, where applicable.
It is proposed to add the above evaluation comments within Section 7 of the TR.
***** START OF CHANGES *****

7
Conclusions
Editor's Note:
This clause will capture agreed conclusions from the study.
The following is an evaluation of each solution addressing KI#1

Solution 1: Proposes the V2X layer to determine the DRX schedule based on the service requirements of different V2X applications. The Pedestrian UE determines the DRX schedule based on implementation and has no configuration information to determine the DRX schedule. The V2X layer then configures the DRX schedule to the AS layer. The AS layer aligns the Uu DRX settings with the NG-RAN. In case a unicast communication is requested to be established the pair of UEs negotiate a new DRX configuration for unicast. The V2X layer indicates to the upper layer the new DRX schedule that the application uses to determine its traffic generation schedule accordingly. 

The solution requires the RAN to determine:

-
how does V2X layer understand the TX/RX resource pool adopted in the access stratum;

-
how does V2X layer try to align the SL DRX with Uu DRX configured by gNB
Solution 2: Proposes a UE to be configured with a set PC5 DRX patterns for in-coverage or out-of-coverage operation. The PC5 DRX pattern may be associated with one or more V2X services. The configuration is provided within V2X configuration information from the AF and/or PCF or from the RAN (for in-coverage). A PC5 DRX pattern includes information about the ON/OFF periods that shall be used in the (AS-layer) PC5 DRX schedule. The V2X layer indicates (using broadcast or groupcast communication over the PC5 interface) the applied PC5 DRX pattern to other relevant UE(s) to allow peer UE to select its PC5 DRX pattern in a coordinated manner
Solution requires RAN to determine how the UE receives DRX configuration information from the RAN and how the AS layer applies the DRX configuration provided by the V2X layer.
Solution 3: Proposes a solution for DRX configuration negotiation for unicast communication taking into account the QoS requirements of the application. The negotiated DRX configuration information is configured to the AS layer. The solution applies only for unicast signalling.

Solution 4: Propose the upper layer to notify the V2X layer whether the UE should operate in Incomplete or Complete Reception Mode. The upper layers determine based on the UE location. 
-
Complete Reception Mode: the UE in this mode receives V2X service data continuously, e.g. the radio interface of PC5 is on all the time for a pedestrian UE, which is extremely power consuming

-
Incomplete Reception Mode: the UE in this mode receives V2X service data periodically, by setting a reception window length and a reception cycle, to receive V2X service data during the reception window per reception cycle.
After the Incomplete Reception Mode is activated, the pedestrian UE sends the Incomplete Reception Announcement message periodically to broadcast the reception window information. It is unclear in the solution how the UE notifies how Incomplete reception mode is deactivated.
Solution 5: Proposes the UE to configures an "Active Time" and an "Inactive Time" for V2X Communication over PC5 based on the received PC5 DRX configuration. When the UE is in "Inactive Time" the UE enters in a "sleep" state and does not transmit or listen for V2X messages over PC5. When the UE is in "Active Time" the UE can transmit V2X messages provided by the V2X application layer or listen for V2X messages over PC5. If the V2X application provides the data during the UE's inactive state the UE buffers the data and transmits them during the Active Time Period. If the "Active time" configured cannot support QoS requirements of an application the AS layer determines an "offset" extending the active time to support the QoS requirements.

Two options are provided for PC5 DRX configuration. Default DRX configuration from AMF and/or PC5 DRX configuration per PQI or per list of PQI from AF/PCF. The V2X layer provides the PC5 DRX configuration for each PC5 QoS Flow. The AS layer in the UE combines the DRX configuration or determines the UE to operate in always-on mode.

Solution requires RAN to confirm if the AS layer can combine the DRX configuration from multiple QoS Flows.

Solution 6: Proposes to define one PC5 DRX cycle per NR PC5 RAT (not per V2X service type). NG-RAN takes PC5 QoS parameters (which are provided from the AMF during registration procedure as described in clause 6.5.2 of TS 23.287 [5]) into account when the NG-RAN determines and configures the UE with the UE specific PC5 DRX cycle for NR PC5 RAT. 
RAN needs to confirm how the NG-RAN provides the UE specific PC5 DRX cycle

Solution 7: Suggests that no new QoS mechanism on top of those already defined in TS 23.287 [5] is needed to support V2X messages sent by P-UEs including the general V2X messages from the P-UEs as well as the V2X messages from the cluster head representing all cluster member P-UEs, where applicable.
***** END OF CHANGES *****
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