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1.  Introduction
[bookmark: _GoBack]In last meeting, we have the following agreement for SL DRX [1]:
Agreements on SL DRX: 
1: 	Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
2:	RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.
3:	Support SL DRX for all casting types.
4:	If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
5:	RAN2 is not going to introduce SL paging and SL PO for SL DRX.
6:	As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.
7:	Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
8:	Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
9:	Deprioritize SL WUS from RAN2 point of view in Rel-17.  

In this paper, We propose our view on how TX UE and RX UE align their wake-up time.
2. Discussion
2.1. SL DRX configuration for unicast

An essential question is the granularity of SL DRX configuration, e.g. whether the SL DRX configuration is configured per UE (i.e. per SL MAC entity) or per link. In our view, for unicast, per UE SL DRX configuration has the drawbacks of inflexible configuration and additional update overhead:
· Drawback 1: inflexible configuration
· Different from the case in NR Uu, in SL a UE may have communication with several peer UEs for different kinds of V2X services. Different links may have non-aligned on duration or on-off pattern. It may be difficult for a UE to find a suitable SL DRX configuration satisfying all the links.
· Per link configuration has no such drawback because SL DRX configuration can be configured per link.
· Drawback 2: additional update overhead
· If UE determines to change its SL DRX configuration, UE needs to send message (e.g. PC5-RRC Reconfiguration message) to all its unicast peers because all its peer UEs apply the same (old) SL DRX configuration.
· Per link configuration has no such drawback because when UE changes SL DRX configuration, UE only needs to inform the peer UE of this link with SL DRX update.
Observation 1: Compared to per link SL DRX configuration, per UE SL DRX configuration has the drawback of inflexible configuration and additional update overhead. 
If we consider per link SL DRX configuration, the next question is, as discussed during the last meeting, whether the SL DRX configuration is per direction per link. 
· Per link SL DRX configuration: TX UE and RX UE of a link uses the same DRX configuration 
· Per direction per link SL DRX configuration: TX UE and RX UE of a link can use different DRX configuration
Considering that traffic for a given link may be asymmetric, we think Per direction per link SL DRX configuration is more flexible. To be specific, compared to per direction per link SL DRX configuration, per link SL DRX configuration still has some restrictions below:
· Restriction 1: Negotiation procedure is needed when traffic is asymmetric
· If UE is restricted to use transmission pattern same as its reception pattern, then when UE A and UE B of a link have different preferred TX/RX pattern, procedure is needed for them to negotiate a TX/RX pattern (e.g. either follow the preference of UE A or UE B) for this link. 
· Restriction 2: Cannot optimize for RX (sensing is not needed)
· UE needs to perform sensing operation before selecting resources for transmission; however UE may not need to perform sensing prior to a packet reception in sidelink.
· With per direction SL DRX configuration, we cannot optimize SL DRX pattern according to the fact that “RX needs not sensing”.
Observation 2: Restrict UE to apply the same SL DRX configuration for both transmission pattern and reception pattern is not flexible in case of asymmetric traffic.

If we consider SL DRX configuration per direction per link, three models could be considered: 
In contrast, it makes sense to separate the transmission and reception pattern. We just need to ensure that UE B is awake (in reception state) when UE A is transmitted, and vice versa. For example, 
· Model 1: TX centric model
· SL DRX configuration specifies TX UE’s preferred transmission pattern for a link
· Each UE determines its preferred transmission pattern, and exchanges it with its peer UE. A UE should be awake during the transmission pattern of all peer UEs. As a result, the final reception pattern (SL DRX pattern) is determined by the transmission pattern of all peer UEs.
· Advantage: This model ensures that RX UE is always awake (ready for reception) when TX UE transmits. So, it is good from latency perspective. Besides, TX UE has less power consumption because it can sleep when it has no data to transmit.
· Disadvantage: RX UE has more power consumption because a RX UE needs to keep awake even if TX UE has no transmission activity. The power consumption may be large when a RX UE have multiple TX UEs.
· Model 2: RX centric model
· SL DRX configuration specifies RX UE’s preferred reception pattern for a link
· Each UE determines its preferred reception pattern, and exchanges it with its peer UE. A UE should transmit to its peer UE only within the reception pattern of peer UEs. 
· Advantage: RX UE has less power consumption compared to TX centric model. And the power consumption of RX UE does not increase as the number of peer TX UE increase.
· Disadvantage: Larger transmission latency is expected. When TX UE has traffic to transmit, TX UE may need to wait until RX UE is awake.
· Model 3: master-slave model
· A UE (master) determines both transmission pattern and reception pattern of its peer UEs, and informs its peer UEs (slave) to follow.
· For example, for scenario of wearable devices, the relay UE (e.g. smart phone) can control when the smart watch/glasses can send and receive.
Observation 3 : TX centric model has better latency performance 
Observation 4 : TX centric model has better Tx power-saving performance, while RX centric model has better Rx power-saving performance.

This means both models has their own suitable scenarios. For example, for V2X scenarios, latency is the key KPI, so TX centric model is more suitable. For wearable devices, TX centric model may be more suitable because most traffic is from remote to relay and we would like to reduce power consumption of wearable devices. For coverage enhancement via sidelink relay, we can apply Rx power saving model to save the power of remote UE assuming that downlink traffic is the dominating traffic. 

Observation 5: TX centric model and RX centric model have their own benefit and suitable scenarios.
Proposal 1: For unicast, both TX centric model and RX centric model are supported
· For TX centric model: UE monitor the superposition of transmission pattern of all peer UEs.
· For RX centric model: UE sends data to a peer UE only during the reception pattern of this peer UE

Proposal 2: For unicast, SL DRX configuration is link and direction specific, and UE exchanges its transmission pattern (for TX centric model) or reception pattern (for RX centric model) with its peer UE. 

Proposal 3: For unicast, UE exchanges its SL DRX configuration with its peer UE upon link establishment or upon SL DRX reconfiguration.

2.2. SL DRX configuration for broadcast and groupcast

Broadcast traffic is transmitter UE dominated, and thus it is straightforward to apply TX-centric model. However, since there is no link established for broadcast, TX UE cannot deliver SL DRX configuration to RX UE similar to unicast. In our understanding, two approaches can be considered below:
· Method 1:  Apply TX-centric model for broadcast/groupcast
· In this method, TX centric model is supported, which means SL DRX configuration is TX UE specific (desitnation ID specific). The TX UE distribute its SL DRX configuration for broadcast via a broadcast manner
· [Advantage] Allow UE to update its SL DRX configuration for broadcast. For example, a TX UE may want to shift its transmission pattern with offset change considering the collision with other TX UE. Or, a TX UE may be reconfigured by gNB to change its SL DRX configuration for broadcasting, e.g. for Uu/SL DRX alignment.
· [Concern] Require signalling design for broadcasting SL DRX configuration for broadcast.
· Method 2: Apply common resource pool or TX/RX pattern for broadcast/groupcast
· In this method, common/default Tx/Rx patterns are applied for all UEs for transmission/reception of broadcast services and/or discovery message. 
· [Advantage] No signaling is needed to disribute broadcast/groupcast-specific SL DRX configuration since the resource pool or TX/RX pattern for broadcast/groupcast transmission/reception is pre-configured.
· [Concern] The resource efficiency may be reduced due to resource segmentation since we allocate dedicated resource for broadcast/groupcast. If needed, we may need to consult RAN1 on the issue of resource pool.
Observation 5: For groupcast/broadcast, TX-centric model allows different broadcast/groupcast traffic to have different and updated SL DRX configurations. However, new signalling is required for UE to distribute SL DRX configuration in a broadcast/groupcast manner.

Observation 6: For groupcast/broadcast, applying common resource pool needs not additional signalling for TX UE to deliver SL DRX configuration. However, reduced resource efficiency due to resource segmentation may be a concern. 


Proposal 4: For broadcast/groupcast, RAN2 considers two options below:
· Method 1: apply TX-centric model
· For broadcast/groupcast, SL DRX configuration is TX UE specific (desitnation ID specific), and RAN2 design signalling for TX UE to distribute SL DRX configuration for broadcast/groupcast
· Method 2: Introduce common resource pools or common Tx/Rx patterns dedicated for broadcast/groupcast and/or discovery message.

2.3. How UE derive SL DRX configuration 

Simiar to how UE acquire AS layer configuration, for unicast, UE can derive its own SL DRX configuration according to its RRC state. For example,
· For a RRC_CONNECTED UE: Derived from dedicated RRC signaling
· For a IC RRC_IDLE/INACTIVE: derived from system information
· For a OOC UE: derived from pre-configuration
Besides, for unicast, if we apply TX-centric model, RX UE derive transmission pattern from TX UE; if we apply RX-centric model, TX UE derive reception pattern from RX UE.
With the input from NW/pre-configuration and from peer UEs, a UE can then determine the SL DRX pattern.

Proposal 5: For unicast, a UE determine its own transmission/reception pattern from NW or pre-configuration (based on RRC state, and IC/OOC status), and derive reception/transmission pattern from peer UEs.


For groupcast/broadcast, how UE derive SL DRX configuration depends on the applied model as we mentioned in the previous section. 

To be specific, if we apply TX centric model, then TX UE will deliver its SL DRX configuration for broadcast traffic (maybe via a broadcast manner), and RX UE determines its reception pattern from TX UE. Similar to unicast, TX UE may determine its transmission pattern based on NW configuration or preconfiguration.

In contrast, if we apply common resource pool/pattern for groupcast/broadcast traffic, TX UE can derive the transmission pattern from NW or preconfiguration, and RX UE can derive the reception pattern from NW or preconfiguraiton as well. By this way, there is no need for RX UE to acquire SL DRX configuration for groupcast/broadcast traffic from TX UE. In this method, one issue to be think about is that if TX UE is in RRC_CONNECTED and RX UE is in OOC state, TX UE and RX UE may have different understanding on the configuration of common resource pool for broadcast/groupcast traffic because TX UE apply configuration via NW signalling while RX UE apply pre-configuraion.

 Proposal 6: For groupcast/broadcast:
· If TX centric model is adopted: TX UE determines its transmission pattern from NW or pre-configuration (based on RRC state, and IC/OOC status), and RX UE determines its reception pattern from TX UE
· If common resource pool is adopted: TX/RX UE derive the transmission/reception pattern or resource pool from NW or pre-configuration (based on RRC state, and IC/OOC status)

2.4. SL DRX command MAC CE

Similar to NR Uu design, we think the SL DRX command MAC CE is useful in reducing RX UE power for monitoring PSCCH. For example, 
· The SL DRX command MAC CE is useful in the TX-centric model for the Rx UE to further reduce power consumption. W/o this MAC CE, a Rx UE anyway needs to keep awake for each “possible” transmission from peer UE. W/o this MAC CE, a Rx UE can skip those possible transmission time if confirmed by its TX UE.
· for the scenario of sidelink relay, the relay UE can use this command to inform remote UE of no data to receive. After receiving this MAC CE, the remote UE can sleep if he has no data to transmit as well.
· A relay UE may associate with several remote UE and only part of them has data to receive, the UE can send a group-based SL command MAC CE to allow those remote UE w/o data to sleep, and keep those remote UEs w/ data awake for data reception.

Since there is power-saving benefit, and the MAC CE design should not be complicated, we suggest to introduce this MAC CE in R17.
Proposal 7: RAN2 introduce SL DRX command MAC CE in R17.

3. Conclusion 
In this paper, we consider the design of SL DRX and the related aspects (i.e. SL sync search and wake-up signal). We have the following observation:


Based on these observations, we have proposals below:
Proposal 1: For unicast, both TX centric model and RX centric model are supported
· For TX centric model: UE monitor the superposition of transmission pattern of all peer UEs.
· For RX centric model: UE sends data to a peer UE only during the reception pattern of this peer UE

Proposal 2: For unicast, SL DRX configuration is link and direction specific, and UE exchanges its transmission pattern (for TX centric model) or reception pattern (for RX centric model) with its peer UE. 

Proposal 3: For unicast, UE exchanges its SL DRX configuration with its peer UE upon link establishment or upon SL DRX reconfiguration.

Proposal 4: For broadcast/groupcast, RAN2 considers two options below:
· Method 1: Apply TX-centric model
· For broadcast/groupcast, SL DRX configuration is TX UE specific (desitnation ID specific), and RAN2 design signalling for TX UE to distribute SL DRX configuration for broadcast/groupcast traffic
· Method 2: Introduce common resource pools or common Tx/Rx patterns dedicated for broadcast/groupcast and/or discovery message.

Proposal 5: For unicast, a UE determine its own transmission/reception pattern from NW or pre-configuration (based on RRC state, and IC/OOC status), and derive reception/transmission pattern from peer UEs.

Proposal 6: For groupcast/broadcast:
· If TX centric model is adopted: TX UE determines its transmission pattern from NW or pre-configuration (based on RRC state, and IC/OOC status), and RX UE determines its reception pattern from TX UE
· If common resource pool is adopted: TX/RX UE derive the transmission/reception pattern or resource pool from NW or pre-configuration (based on RRC state, and IC/OOC status)

Proposal 7: RAN2 introduce SL DRX command MAC CE in R17.
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