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Introduction
In RAN#86, a Rel-17 WID on NR sidelink enhancement has been approved [1]. One of the key aspects to be studied in this WID is sidelink DRX for all cast types as shown below:
	3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage


In this contribution, we discuss the sidelink DRX configuration for unicast, and the alignment between SL resource and SL DRX configuration.
Discussion
1.1. How to configure SL DRX configuration
In Uu, as a scheduler, the NW is responsible to configure a suitable DRX configuration to a UE and both the NW and the UE follow the DRX pattern to perform data transmission and reception. However, when it comes to SL DRX, the question is which party to configure the DRX configuration for a certain unicast link, i.e., TX UE or RX UE? Accordingly, two basic options as listed below can be taken as a baseline for further study. 
· Option 1: Tx UE centric DRX configuration
Tx UE centric DRX configuration means determining the DRX configuration for its peer UE’s reception. As illustrated in Figure 1(a), a TX UE (or its gNB) determines the DRX configuration for each RX UE it is connected with based on some information e.g. QoS, traffic pattern and etc., and signals the DRX configuration to each RX UE via PC5-RRC. The RX UE follows the DRX configuration for reception from the TX UE. When the Rx UE performs SL communication with multiple Tx UEs, it needs to maintain/coordinate different sets of DRX configurations from these TX UEs for reception simultaneously. 
· Option 2: Rx UE centric DRX configuration
In contrast, Rx UE centric DRX configuration means determining the DRX configuration for its own reception. As illustrated in Figure 1(b), a RX UE decides the DRX configuration(s) as per its demand of power saving, and signals the corresponding DRX configuration to each TX UE it is connected with. The Tx UE will follow the DRX configuration for its transmission, e.g. not transmitting outside the active time of the Rx UE.
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(a)                                                                                             (b)
Figure 1:  a) Tx UE centric DRX configuration; b) Rx UE centric DRX configuration
In option 1, the resource configuration for SL services is either determined by Tx UE or the Tx UE’s serving gNB, so it is convenient to adapt SL DRX configuration with SL resource configuration by making the SL grants within the active time for the Rx UE as much as possible to ensure the transmission performance of data. Nevertheless, due to “M-to-1” nature of SL, one Rx UE may perform SL communication with multiple Tx UEs simultaneously, since it is not possible to negotiate among the Tx UEs, the ”wake up” time configured by these TX UEs may spread over most of the whole time domain, leading to DRX unrealistic at all.
In option 2, regardless of the number of the Tx UEs it is connected with, the RX UE determines the DRX configuration from its power saving perspective and applies commonly to all the connected TX UEs, or determines multiple DRX configurations (i.e. different DRX configurations for different TX UE groups with a group of TX UEs applying the same DRX configuration). However,  the SL DRX and SL resource configuration/service requirement may not perfectly match especially when there are multiple Tx UEs, which may result in packet loss, e.g., when data arrives in the inactive time and is not able to be transmitted timely.
The advantages and disadvantages of the above two options are summarized in Table 1. It can be concluded that both the two options cannot achieve good trade-off between power consumption and transmission performance. . 
Table I: Pros & Cons analysis for TX UE centric and RX UE centric DRX configuraitons
	
	Pros
	 Cons

	Tx UE centric (option 1)
	It is convenient to adapt SL DRX configuration with both SL service requirements and resource configuration, ensuring transmission performance of data.
	Due to “M-to-1” nature of SL, “wake-up” time configured by from multiple TX UEs can spread over the whole time domain, leading DRX unrealistic at al.

	Rx UE centric (option 2)
	DRX config is determined by the RX UE per its expected power saving level. Real power saving achievable.
	TX UE cannot transmit, once data arrives in the inactive time determined by the RX; Possibility for packet loss due to inability to transmit timely.


Considering there is no coordination information exchange for both TX centric and RX centric mechanisms, these two mechanisms may be not that efficient. To overcome the disadvantages of the above TX centric and RX centric mechanisms respectively, some kind of coordination can be considered in the two options as well, e.g., some assistance information is transmitted from either the TX UE or RX UE to the peer UE and the peer UE determines the DRX configuration while taking the assistance information into account. This coordinated DRX configuration mechanism is shown in Figure 2.
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(a)                                                                                                    (b)
Figure 2:  a) Tx UE-based coordinated DRX configuration; b) Rx UE-based coordinated DRX configuration
This is a so-called two-way mechanism, something like what we already have in Rel-16. For this mechanism, when determining the DRX configuration, both power consumption and service requirement/resource configuration can be considered at the same time to achieve a balance between the data transmission performance and saving the UE power. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Specifically, as to Tx UE-based coordinated DRX configuration in Figure 2(a), Rx UE may transfer to Tx UE some assistance information which may include the suggested SL DRX configuration, configured SL DRX configurations for other associated SL connections of the RX UE and the power saving demand of Rx UE. e.g., whether to enhance power saving is required by the RX UE. To reduce the RX UE’s power consumption as much as possible, it is reasonable the Tx UE taking the assistance information of the suggested SL DRX configuration and configured SL DRX configurations for other associated SL connections of the RX UE into account to make the active time of the SL DRX configuration to overlap with that of the Rx UE’s other SL DRX configurations as much as possible as well as ensuring the transmission performance of data. From this perspective, compared with Tx UE centric mechanism which has no coordination information exchange, this Tx UE based coordinated mechanism is more power saving.  Additionally, the assistance information of the power saving demand of Rx UE can be used by the TX UE to adapt to the real-time demand in Rx UE. For instance, when the RX UE’s battery capacity is lower than a threshold, the Rx UE can indicate a high power saving demand to the Tx UE and the TX UE should try to avoid an aggressive DRX configuration in order to save the RX UE’s power. By contrast, when the RX UE’s battery capacity is sufficient enough, the Rx UE can indicate a low power saving demand to the Tx UE and in this case the TX UE can wake up the RX UE more frequently for data reception.
Observation 1: Compared with Tx UE centric DRX configuration, Tx UE-based coordinated DRX configuration, where the Rx UE transfers to the Tx UE some assistance information such as the suggested SL DRX configuration, configured SL DRX configurations for other associated SL connections of the RX UE and the power saving demand of the Rx UE, can achieve more UE power saving gain and adapt to the real-time demand in Rx UE.
As to Rx UE-based coordinated DRX configuration in Figure 2(b), Tx UE may transfer some assistance information to the Rx UE which may include SL resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s), where the SL resource configuration(s) can be either the current resource configuration or the allowable resource configuration(s) for the target SL connection. Rx UE can determine the SL DRX configuration for the Tx UE based on the above resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s) provided by Tx UE and thus it can overcome the packet loss at the most extent compared with the Rx UE centric mechanism which has no coordination information exchange.
Observation 2: Compared with Rx UE centric DRX configuration, Rx UE-based coordinated DRX configuration, where Tx UE transfers to Rx UE some assistance information such as SL resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s), can overcome the packet loss at the most extent.
Proposal 1: Coordinated DRX configuration, which enables assistance information transfer procedure, should be supported in SL unicast.
· Tx UE-based coordinated DRX configuration: the Rx UE transfers to the Tx UE some assistance information such as the suggested SL DRX configuration, configured SL DRX configurations for other associated SL connections of the RX UE and the power saving demand of the Rx UE;
· Rx UE-based coordinated DRX configuration: the Tx UE transfers to the Rx UE some assistance information such as SL resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s).
However, for Tx UE-based coordinated mechanism, when the Tx UE determines the SL DRX configuration for its Rx UE, it is not able to adjust the Rx UE’s other SL DRX configurations simultaneously to achieve more power saving. In this case, when an Rx UE communicates with more than one Tx UEs, if some Tx UEs are quite aggressive when determining the SL DRX configuration in order to ensure the data transmission performance, then it may be hard for the later connected Tx UE to determine a suitable SL DRX configuration to reduce the Rx UE’s power consumption while guaranteeing its own data transmission without the ability to adjust the Rx UE’s other SL DRX configurations. This means that the assistance information may not be utilized by the Tx UE(s) efficiently in Tx UE-based coordinated DRX configuration method. 
While, for Rx UE-based coordinated mechanism, when the Rx UE determines the SL DRX configuration(s) for its reception, the Rx UE’s other SL DRX configurations can be adjusted simultaneously by reconfiguration if necessary to minimize the total active time and ensure the transmission performance of all the unicast connections. Therefore, compared with the Tx UE-based coordinated mechanism, Rx UE-based coordinated mechanism is more power saving and efficient as the Rx UE can take the assistance information into full consideration and is able to configure/reconfigure/adjust all the SL DRX configurations accordingly at any time for all the unicast connections. 
Observation 3: Rx UE-based coordinated DRX configuration outweighs Tx UE-based coordinated DRX configuration in terms of UE power saving.
In the above analysis, Rx UE can be replaced by the gNB of Rx UE, where the gNB of Rx UE determines the SL DRX configuration for the target SL connection based on the above resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s) transferred by the Rx UE. Then, the next question is whether Rx UE or the gNB of Rx UE should determine the SL DRX configuration for Rx UE?  To make an intuitive comparison, the two alternatives are illustrated in Figure 3 as shown below.
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(a)                                                                               (b)
Figure 3:  a) Rx UE determines the SL DRX for itself; b) the gNB of Rx UE determines the SL DRX for Rx UE
As pointed out before, due to “M-to-1” nature of SL, one Rx UE may perform SL communication with multiple Tx UEs simultaneously. Accordingly, as shown in the figure above, it is assumed there are three unicast connections maintained in parallel for the RX UE. It can be observed that compared with the method where Rx UE determines the SL DRX for itself, extra radio resource overhead is required in the method where the gNB of Rx UE determines the SL DRX for Rx UE. Furthermore, with the incensement of  the number of Rx UE and the maintained SL connections for each RX UE, the extra radio resource overhead will increase significantly, which may be not acceptable in some circumstances. Therefore, it is reasonable to let Rx UE determine the SL DRX for itself.
Observation 4: Compared with the method where Rx UE determines the SL DRX for itself, extra significant radio resource overhead may be brought out by the method where the gNB of Rx UE determines the SL DRX for Rx UE.
Proposal 2: The Rx UE determines the SL DRX for itself by taking the received assistance information from the TX UE into account in SL unicast. 
1.2. Details of SL HARQ RTT timer
Some issues relate to SL HARQ RTT timer were discussed in the email discussion [703] and different companies have different opinions on when to start the SL HARQ RTT timer. Based on our understanding, for the case when more than one transmission resources are indicated in the SCI, the UE can directly derive SL HARQ RTT timing of up to 2 retransmission resources. Therefore, it is not necessary to start HARQ RTT timer for the SL transmission indicated by the SCI. As illustrated in Figure 4 (a), for mode 1 transmission, SCI1 indicates three (re)transmission resources i.e., r1, r2 and r3, and SCI2 indicates two retransmission resource i.e., r2 and r3. Thus the UE does not need to start HARQ RTT timer/retransmission timer for the SL transmission associated to SCI1 and SCI2, i.e., transmission on r1 and r2 as the UE is able to derive the next retransmission resource and can directly wake up to receive the retransmission.
However, if only one transmission resource is indicated in SCI, the UE is unable to derive SL HARQ RTT timing for subsequent retransmission only based on resource indication in SCI. In this case, the HARQ RTT timer and retransmission timer still need to be operated as in legacy Uu manner. As illustrated in Figure 4 (a), SCI3 indicates only one retransmission resource, i.e., r3, thus the UE needs to start HARQ RTT timer for the SL transmission associated to SCI3, i.e., transmission on r3. And retransmission timers starts when HARQ RTT timer expires. 
For mode 2 transmission, a SCI always indicates next retransmission resources if any. As illustrated in Figure 4 (b), SCI1 indicates three (re)transmission resources i.e., r1, r2 and r3, SCI2 indicates three retransmission resource, i.e., r2, r3 and r4 and SCI3 indicates two retransmission resource, i.e., r3 and r4. As analyzed above, the UE does not need to start HARQ RTT timer for the SL transmission associated to SCI1, SCI2 and SCI3, i.e., transmission on r1, r2 and r3. Since SCI4 indicates only one retransmission resource, i.e., r4, the UE needs to start HARQ RTT timer at the end of the transmission associated to SCI4 and retransmission timers starts when HARQ RTT timer expires. 
[bookmark: _GoBack]In addition, for mode 2, a reserved resource by a SCI may be pre-empted when pre-emption is enabled and the UE need to reselect resource for that resource. For example in Figure 4 (b), the reserved resource for SCI3 may be pre-empted by other higher priority SL transmission. In this case, if HARQ RTT timer does not start at the end of the transmission associated to SCI3, the UE can only reselect resource when retransmission timer is running, i.e., after the HARQ RTT timer associated with the transmission indicated by SCI4 expires. This brings additional latency for sidelink transmission. To avoid this retransmission delay, HARQ RTT timer needs to start for each SL transmission when the pre-emption is enabled even the retransmission resource is indicated by the SCI. 
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Figure 4:  HARQ RTT timer is started if only one transmission resource is present in the SCI
Proposal 3: For mode 1 and when pre-emption is disabled for mode 2, HARQ RTT timer is not started if more than one transmission resources are indicated in a SCI. HARQ RTT timer is started if only one transmission resource is indicated in the SCI.
1.3. The alignment between SL resource and SL DRX configuration
In R16 NR V2X, the Rx UE is expected to be always awake to receive PSCCH/PSSCH and thus the Tx UE can transmit PSCCH/PSSCH as long as there is a SL grant.  
However, the story is different in Rel-17 with the introduction of SL DRX. As illustrated in Figure 5, for mode 1, the gNB schedules a SL grant for the Tx UE, then the Tx UE selects a destination for the SL grant according to current LCP procedure. As the DRX state is not a factor for DST selection during LCP, the SL grant may not be in SL DRX active time of the selected destination. Since Rx UE only monitors PSCCH/PSSCH during SL DRX active time when sidelink DRX is applied, in this case, the transmission will not be received by the selected destination.
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Figure 5. The case when SL grant is not in Rx UE’s SL DRX active time
For mode 1, one potential solution is to enhance LCP to avoid TX UE transmitting data to a non-active RX UE. To be more specific, when selecting a destination for a SL grant, besides the conditions already specified in the specification, one more condition needs to be satisfied is that the SL grant is within the active time of the selected destination. However, only enhancing the LCP procedure seems not enough to handle this issue since the gNB does not have clear knowledge of the SL active time of Rx UE due to which destination to select being all up to the TX UE and in this case the NW does not know the inactivity timer of which destination is extended, it is possible that a SL grant is not in SL active time of any destination that has data to be sent. In this case, this SL grant is not able to be used and is wasted. To avoid this wastage, the TX UE may need to report some information to maintain each destination’s active time or a joint active time of all the associated destinations and assist the gNB when performing SL scheduling, i.e., the allocated SL grant is within at least one destination’s active time. 
The other alternative is that the gNB determines the destination of a SL grant. With each destination’s SL DRX configuration, if the gNB is responsible of selecting a destination for a certain SL grant, the gNB is able to maintain each destination’s SL active time based on the scheduling and can avoid the mentioned issue at the most extent. This option introduces less complexity to UE implementation but is not aligned with the Rel-16 principle, i.e., in Rel-16, the selection of the destination is all up to the TX UE and besides, this mechanism may have some RAN1 impact if destination ID needs to be included in the DCI and some further discussion in RAN1 is needed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: For mode 1, RAN2 to decide how to handle the case when the SL grant is out of the active time of the selected destination by taking into account the following two options:
· Option 1: Enhance current LCP procedure when selecting a destination to guarantee that the SL grant is within the SL active time of the selected destination. Some assistance from the Tx UE to the gNB to maintain each destination’s active time or a joint active time of all the associated destinations is needed.
· Option 2: The gNB determines the destination for a SL grant and maintains each Rx UE’s SL active time based on scheduling.
Similarly for mode 2, if sidelink data is available in a logical channel, and resource (re-)selection is triggered, the MAC entity creates selected SL grant according to the resources reported by PHY layer. Then the Tx UE selects a destination for the selected SL grant according to current LCP procedure without taking the DRX state into account, then the SL grant may not be in SL DRX active time of the selected destination. 
Actually the enhanced LCP procedure discussed for mode 1is also applicable for mode 2. However, without taking the SL DRX state into account in resource selection procedure, it is possible that a selected SL grant is not within the SL active time of any destination that has data to be sent. In this case, the selected SL grant can not be used and is wasted. To avoid this case, resource selection procedure may also need to be enhanced to ensure the UE selects a SL grant at least within the active time of a destination. Additionally, if the current reserved resources do not fall into the SL DRX active time of any destination, i.e., the current reserved resources do not match the SL DRX of any destination, resource reselection should be triggered.  
Proposal 5: For mode 2, the following option should to be studied to handle the case when the SL grant is out of the active time of the selected destination:
· Enhance current LCP procedure when selecting a destination to guarantee that the SL grant is within the SL active time of the selected destination. 
· UE selects a SL grant in the SL active time of a destination in resource selection procedure. If the current reserved resources do not fall into the SL DRX active time of any destination, resource reselection is triggered.
Conclusion
In this contribution, we mainly discuss sidelink DRX configuration for unicast, and derive the following observations:
Observation 1: Compared with Tx UE centric DRX configuration, Tx UE-based coordinated DRX configuration, where the Rx UE transfers to the Tx UE some assistance information such as the suggested SL DRX configuration, configured SL DRX configurations for other associated SL connections of the RX UE and the power saving demand of the Rx UE, can achieve more UE power saving gain and adapt to the real-time demand in Rx UE.
Observation 2: Compared with Rx UE centric DRX configuration, Rx UE-based coordinated DRX configuration, where Tx UE transfers to Rx UE some assistance information such as SL resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s), can overcome the packet loss at the most extent.
Observation 3: Rx UE-based coordinated DRX configuration outweighs Tx UE-based coordinated DRX configuration in terms of UE power saving.
Observation 4: Compared with the method where Rx UE determines the SL DRX for itself, extra significant radio resource overhead may be brought out by the method where the gNB of Rx UE determines the SL DRX for Rx UE.
Moreover, we have the following proposals: 
Proposal 1: Coordinated DRX configuration, which enables assistance information transfer procedure, should be supported in SL unicast.
· Tx UE-based coordinated DRX configuration: the Rx UE transfers to the Tx UE some assistance information such as the suggested SL DRX configuration, configured SL DRX configurations for other associated SL connections of the RX UE and the power saving demand of the Rx UE;
· Rx UE-based coordinated DRX configuration: the Tx UE transfers to the Rx UE some assistance information such as SL resource configuration(s) and the QoS requirements/traffic pattern of the SL service(s).
Proposal 2: The Rx UE determines the SL DRX for itself by taking the received assistance information from the TX UE into account in SL unicast.
Proposal 3: For mode 1 and when pre-emption is disabled for mode 2, HARQ RTT timer is not started if more than one transmission resources are indicated in a SCI. HARQ RTT timer is started if only one transmission resource is indicated in the SCI.
Proposal 4: For mode 1, RAN2 to decide how to handle the case when the SL grant is out of the active time of the selected destination by taking into account the following two options:
· Option 1: Enhance current LCP procedure when selecting a destination to guarantee that the SL grant is within the SL active time of the selected destination. Some assistance from the Tx UE to the gNB to maintain each destination’s active time or a joint active time of all the associated destinations is needed.
· Option 2: The gNB determines the destination for a SL grant and maintains each Rx UE’s SL active time based on scheduling.
Proposal 5: For mode 2, the following option should to be studied to handle the case when the SL grant is out of the active time of the selected destination:
· Enhance current LCP procedure when selecting a destination to guarantee that the SL grant is within the SL active time of the selected destination. 
· UE selects a SL grant in the SL active time of a destination in resource selection procedure. If the current reserved resources do not fall into the SL DRX active time of any destination, resource reselection is triggered.
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