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As Work Item description, Rel-17 decided to specify the sidelink DRX for broadcast, groupcast, and unicast [1], with the details:
	· 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 UE


In legacy LTE-V2X, the P2V scenario was optimized in terms of power saving by allowing the P-UE to perform random resource selection and/or partial sensing-based resource selection only for the sidelink transmission. In NR-V2X, however, it is expected for the P-UE to receive the message from other V-UE and/or P-UE (i.e., V2P and P2P). To this end, the alignment of sidelink DRX wake-up time among the UEs communicating with each other should be specified from RAN2 perspective.
In this contribution, we express our views on the definition of on- and off-durations in sidelink and the specification of the corresponding UE procedure, as well as on the mechanism of aligning the sidelink DRX wake-up time among the UEs communicating with each other.
Legacy LTE-V2X and New WI
In the legacy LTE-V2X, the sensing and resource selection procedure are designed towards broadcast, serving periodical packet. The sensing potentially followed by transmission, in general, is performed in all the time slots, while for the power saving, the partial sensing procedure utilizes the periodical manner with a configurable enable/disable parameter of active cycle over K cycles within the sensing window. It is noted that, once UE is sensing in a slot, it may not need to decode PSSCH, however, once UE is decoding PSSCH in a slot, it must sense or decode PSCCH in advance.


Whether for UE to perform the sensing in the k-th cycle depends on the (pre)-configured sequence of . This means that, if , the UE performs the sensing and reception in the k-th cycle, and otherwise, the UE is kept in sleeping mode. This partial sensing mechanism can properly work well for broadcast, possibly for unicast.



The detailed partial sensing for the legacy LTE-V2X [2] is exemplified in Figure 1, with the (pre)-configured assumptions of sensing subset for active UE, the UE active interval with  (with contiguous subframes in this case), the number of cycles with , and the active cycles with the pattern formulated by .
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[bookmark: _Ref31208335]Figure 1: Partial sensing in the legacy LTE-V2X, in case of Y=4, K=10, and ={1100100001}.
If we reuse this mechanism in NR-V2X, a fundamental issue is how to ensure the performance of packet reception ratio (PRR) for the P-UE in consideration of the V2P and/or P2P scenarios in unicast, groupcast and broadcast. This is because, the P2V scenario in LTE V2X was optimized in terms of the power saving for broadcast, by allowing the P-UE to perform the partial sensing-based resource selection only for the sidelink transmission.
[bookmark: _Ref51510445]In the legacy LTE-V2X, the sensing and resource selection procedure are designed towards the broadcast, serving the periodical packet, and it does not require for P-UE to make the reception from V-UE and/or P-UE.
In Rel-17, RAN1 is working on the specification of resource allocation to reduce the power consumption of the P-UEs, with the baseline by introducing the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
[bookmark: _Ref52807653]In Rel-17, RAN1 is working on the specification of resource allocation to reduce the power consumption of the P-UEs, with the baseline by introducing the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
In TR 23.776 [3], SA2 has addressed the issues for QoS aware NR PC5 power efficiency for pedestrian UE, and meanwhile provided the relevant solutions accordingly. In Solution#5, two options are provided for the Pedestrian UE to receive V2X configuration information:
· Option 1: Default PC5 DRX configuration is provided by the AMF during the registration procedure
· The default PC5 DRX configuration provided to the UE applies for all cast types and all V2X service types, based on pre-configuration at the AMF. 
· The AMF ensures that all UEs registered on the same areas receive the same PC5 DRX configuration.
· The default PC5 DRX cycle is configured for NR PC5 RAT. The UE uses the default DRX cycle when the UE is "not served by E-UTRA" and "not served by NR". The default DRX cycle is defined as one PC5 DRX cycle per NR PC5 RAT (not per V2X service type).
· Option 2: The AF/PCF provides mapping of PQI(s) to PC5 DRX configuration
· AF/PCF includes PC5 DRX configuration within V2X configuration information during UE Policy delivery procedure. The configuration information includes mapping of PQI(s) to a specific PC5 DRX configuration.
We believe that, the same configuration with the default PC5 DRX and the specific PC5 DRX can be applied in out-of-coverage as well.
[bookmark: _Ref60927567]In TR 23.776, two options are provided for the Pedestrian UE to receive V2X configuration information. One is, a default PC5 DRX configuration is provided by the AMF during the registration procedure, and the other is, a specific PC5 DRX Configuration is provided for mapping of PQI(s) to PC5 DRX configuration.
[bookmark: _Ref60938026]The default PC5 DRX is configured and provided by the AMF in coverage, but the same DRX configuration can be used in out-of-coverage.
[bookmark: _Ref60927708][bookmark: _Ref60927755]RAN2 should take Option 1 and Option 2 as a baseline, and study the DRX configuration for the Pedestrian UE, in both in-coverage and out-of-coverage.
Definition of On/Off Duration for Sidelink DRX
In Uu link, the MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI [4]. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation.
As illustrated in Figure 2, the DRX Cycle is operated with the periodic repetition of On Duration followed by a possible period of inactivity, so called Opportunity for DRX.
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[bookmark: _Ref51252864]Figure 2: DRX Cycle with On Duration and Opportunity for DRX.
The DRX parameters are configured by RRC, such as drx-onDurationTimer, drx-SlotOffset, drx-LongCycleStartOffset, drx-InactivityTimer, drx-ShortCycle, drx-ShortCycleTimer. With such DRX parameters, the DRX procedure is implemented in RRC_CONNECTED, and the paging DRX is implemented in RRC_IDLE/RRC_INACTIVE. The MAC entity is allowed to monitor the PDCCH discontinuously using DRX operation and controlled by DRX command MAC CE or long DRX command MAC CE; otherwise the MAC entity monitors the PDCCH continuously. When in RRC_IDEL/RRC_INACTIVE, a different method has been specified in a way that the UE monitors one paging occasion per DRX cycle. A paging occasion is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent.
[bookmark: _Ref52807656]The DRX parameters are configured by RRC, and the MAC entity can control the UE's PDCCH monitoring activity by MAC-CE if in RRC_CONNECTED.
[bookmark: _Ref52807657]The paging DRX parameters are configured by the system information (i.e., MIB and SIB), and the MAC entity can monitor one paging occasion per DRX cycle in RRC_IDEL /RRC_INACTIVE.
NR DRX in Uu link is specified only for the unicast purpose, while NR sidelink DRX is considered to operate in both in-coverage and out-of-coverage, in the scenarios of broadcast, groupcast, and unicast. If the P-UE is in coverage, all the RRC parameters and the corresponding sidelink DRX operation can fully controlled by the network, using the similar procedure in NR DRX cycle in Uu link. If the P-UE is in out-of-coverage, however, all the RRC parameters of sidelink DRX cycle can rely on the pre-configuration manner, but the sidelink DRX procedure may face some difficulty in dynamically controlling DRX cycle towards the different services in the different cast types.
We believe, therefore, the definition of on/off duration for DRX cycle in Uu and its corresponding UE procedure can be taken as a baseline study for the sidelink DRX, but the scenarios of in-coverage and out-of-coverage, as well as the impact on different cast types have to be considered.
[bookmark: _Ref51510507]The definition of on/off duration for DRX cycle in Uu and its corresponding UE procedure can be taken as the baseline study for the sidelink DRX, but the scenarios of in-coverage and out-of-coverage, as well as the impact on different cast types have to be considered.
In what follows, we further detail the definition of on/off duration for DRX cycle in Uu, introduce somewhat new parameters for the alignment of DRX wake-up time, and propose the potential solutions for the sidelink DRX in consideration of the scenario of out-of-coverage in broadcast, groupcast, and unicast.
Potential Solutions for Sidelink DRX
In Rel-17, RAN2 is working on sidelink DRX for broadcast, groupcast, and unicast, especially specifying the mechanism to align the sidelink DRX wake-up time among the UEs communicating with each other. The goal of this RAN2 work is to ensure the reception reliability (i.e., PRR, PIR) and minimize the power consumption for the P-UE, once the sidelink DRX is operated.
In unicast, on one hand, the PC5 link between the peer UEs shall be established prior to the communication via PC5-S, and the RRC parameters can be exchanged via PC5-RRC messages. Thus, at least, the initial alignment of sidelink DRX wake-up time can be accomplished by a common parameter, via PC5-RRC message for instance. During the subsequent unicast service, however, the fine alignment towards the periodic traffic and/or the aperiodic traffic still needs to be further considered.
In groupcast and broadcast, on the other hand, there is no PC5 link establishment, and the system information has to rely on the pre-configuration manner if out-of-coverage. Thus, the alignment of DRX wake-up time in groupcast and broadcast seems to be more difficult than that in unicast.
Prior to moving forward, we need to clarify the impact on the alignment of DRX wake-up time for different cast types, in consideration of the scenarios of P2V/V2P and P2P. Figure 3 illustrates an example, where we exhaustively demonstrate the scenarios of transmission and reception for P2V, V2P and P2P, in unicast and groupcast/broadcast. The observations relevant to the necessity of the alignment of DRX wake-up time can be made as follows:
· In the unicast scenario V2P (2), the V-UE needs to aware the DRX wake-up time operated for the peer P-UE1 or P-UE2. Only in that occasion, the V-UE can transmit the MAC PDU and ensure the reception by the P-UE1.
· In the unicast scenario P2P (3), the DRX wake-up time operated for the P-UE1 and the P-UE2 needs to be aligned. Only in that occasion, the P-UE1 can transmit the MAC PDU and ensure the reception for the P-UE2.
· In the scenario groupcast/broadcast V2P (6), the V-UE needs to aware the DRX wake-up time operated for its grouped members (groupcast) or the P-UEs in proximity (broadcast), i.e., P-UE1 and P-UE2. Only in case that the occasions of On Duration for both P-UEs are aligned, the V-UE can transmit the MAC PDU, and ensure the reception for both P-UEs.
· In the scenario groupcast/broadcast P2V/P (7), the DRX wake-up time operated for the P-UE1 and the P-UE2 needs to be aligned. Only in that occasion, the P-UE1 can transmit the MAC PDU and ensure the reception for both V-UE and P-UE2.
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[bookmark: _Ref51417343]Figure 3: A example of the scenarios of DRX wake-up time among V-UE, P-UE1 and P-UE2.
[bookmark: _Ref52807659]In unicast, the V-UE needs to aware the DRX wake-up time operated for the peer P-UE in the scenario of V2P, and the DRX wake-up time needs to be aligned between the peer P-UEs in the scenario of P2P.
[bookmark: _Ref52807661]In groupcast/broadcast, the DRX wake-up time needs to be aligned among the P-UEs (either the grouped P-UEs or the P-UEs in proximity), and the V-UE(s) needs to aware the aligned DRX wake-up time if requiring the transmission.
The simplest way is to pre-defined a system common parameter, such as DRX-StartOffset, whereby all UEs can align the DRX wake-up time regardless of the cast types. This could, however, result in the over-alignment between the P-UEs. The over-alignment means, the DRX wake-up time is aligned among the P-UEs, wherein the alignment among some P-UEs in the cluster is essential, but the alignment between the clusters is not necessary. Figure 4 exemplifies the alignment of DRX wake-up time among the P-UEs, in case of two groupcasts (or two clusters), where the P-UE1~P-UE3 belongs to the groupcast-1, and the P-UE4~P-UE6 belongs to the groupcast-2, in consideration of two alignment schemes.
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[bookmark: _Ref51422030]Figure 4: An example of DRX wake-up time among the P-UEs in case of two groupcasts.
In the alignment scheme-1, all the P-UEs are forced to align the DRX wake-up time even in the different groups. In this case, the P-UEs in Groupcast-1 do not need to make the reception from the P-UEs in Groupcast-2, and vice versa. This implies that the P-UEs between the groups are over-aligned. The over-alignment could seriously incur the collision problem in the resource selection because the P-UEs in the different groups have to select the same set of time resources, resulting in the inevitable collisions in the physical channels.
In the alignment scheme-2, however, all the P-UEs in the same group are forced to align the DRX wake-up time, but not allowed to be over-aligned between the different groups. In this case, the P-UEs in the different groups enable to select the individual set of time resources, avoiding the collision between the different groups.
It should be noted that, the over-alignment of the DRX wake-up time occurs in any cast types. It is also noted that, the condition of starting drx-onDurationTimer after drx-SlotOffset in NR-V2X should be different from the condition in NR-Uu, because in the latter, the DRX operation and the resouce allocation are fully controlled by gNB, and thus, no over-alignment occurs in each DRX group.
In order to provide the evidence of impact due to the over-alignment among the P-UEs, we perform the SLS simulation in groupcast based on the simulation assumptions, listed in Table 1 of Annex. We take into three DRX schemes consideration for the performance comparison, defined in Annex, denoted as “No DRX”, “DRX with random offset”, and “DRX with the same offset”. Note that, “DRX with the same offset” is defined the same as the alignment scheme-1. Figure 10 shows the PRR as a function of P-UE to P-UE distance in groupcast, and demonstrates that the scheme of DRX with random offset cannot sustain the sidelink transmission and reception, while the scheme of DRX with the same offset (i.e., the alignment scheme-1) degrades the PRR significantly.
[bookmark: _Ref52808262]In order to avoid the physical resource collision between the different groups in transmission, the sidelink DRX solution should avoid the over-alignment of the DRX wake-up time in any cast types.
It seems that, to realize the alignment scheme-2 among the UEs, the new channel and/or the new signaling need to be introduced to exchange the message among the UEs between the groups or the clusters. This may result in a huge impact on Rel-17 specification from RAN1 and/or RAN2 perspective.
In order to minimize the impact on Rel-17 specification, we believe that, RAN2 should first strive to have a simple and unified sidelink DRX solution towards the different cast types, and then the relevant modification and optimization should be taken into account.
[bookmark: _Ref52808264]In order to minimize the impact on Rel-17 specification, RAN2 should first strive to have a simple and unified sidelink DRX solution towards the different cast types.
The potential solutions for the sidelink DRX, should take into the following considerations:
· The solutions should ensure the performance of reliability and latency, such as PRR and PIR;
· The solutions should properly work for broadcast, groupcast, and unicast;
· The solutions should properly work in both in-coverage and out-of-coverage.
· Note that, if the solution works properly in the scenario of out-of-coverage, it should work well in the scenario of in-coverage, thanks to the additional network support which makes the DRX operation easier.
It is worthwhile noting that, the sidelink DRX based power saving as the RAN2 work does not conflict with the power consumption as the RAN1 work. We believe that, the RAN1 solutions shall work properly in conjunction with the sidelink DRX although somewhat impacts may need to be cross-checked.
[bookmark: _Ref52808266]The potential solutions for the sidelink DRX, should take into the following considerations:
a. [bookmark: _Ref52808268]The solutions should ensure the performance of reliability and latency, such as PRR and PIR;
b. [bookmark: _Ref52808270]The solutions should properly work for broadcast, groupcast, and unicast;
c. [bookmark: _Ref52808272]The solutions should properly work in both in-coverage and out-of-coverage.
Unified Alignment Solution
RAN2 should strive to propose a unified sidelink DRX solution towards unicast, groupcast, and broadcast. Here, we need to find out a common parameter, which may be expected to offer the unified sidelink DRX solution.
The architecture enhancements in 5GS [5] defines two types of groups; one is denoted as the application layer managed group, and the other is denoted as the application layer connection-less group. The former considers an application layer group with the group formation and management in the V2X application layer, possibly applied for platooning, and cooperative adaptive cruise control. The latter, however, considers an application layer group without group formation in the V2X application layer, possibly applied for sensor sharing. Here, we believe that, the same group architecture should be applied for the public safety and the commercial use cases, where the P-UE is involved.
[bookmark: _Ref52807667]The P-UE may be operated with the sidelink DRX for the power saving in the scenarios of both application layer managed group and application layer connection-less group.
In the application layer managed group, the grouped UEs belong to the associated group, with the limited number of members, and the group members know each other. In such a case, the destination L2 ID can be properly used as a common parameter for the alignment of DRX wake-up time among the grouped UEs (see our discussion in the next section).
In the application layer connection-less group, however, the group UEs are only aware of the dedicated destination L2 ID, and the number of members in the group could be much larger. In such a case, the reliability such as PRR is estimated as a function of the distance between Tx-UE and Rx-UEs within the communication range, in general. Figure 5 illustrates the example of connection-less group based groupcast with a dedicated destination L2 ID, where the Tx-UE1 and the Tx-UE2 transmit the MAC PDUs to all the members, but both merely require the PRR reliability within the limited communication range. The Rx-UEs within the communication range-1 from Tx-UE1 are required to receive the MAC PDU from the Tx-UE1, while The Rx-UEs within the communication range-2 from Tx-UE2 are required to receive the MAC PDU from the Tx-UE2.
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[bookmark: _Ref51184826]Figure 5: The example of connection-less group based groupcast.
In this case, thus, the destination L2 ID could make the over-alignment for the DRX wake-up time among all grouped UEs, and instead, the Tx-UE location is more suitable to be a common parameter for the alignment of DRX wake-up time. We believe that, the Tx-UE location as a common parameter can be utilized to enhance the sidelink DRX performance in the scenario of the connection-less group based groupcast.
It is worthwhile noting that, the potential solution applied for this type of groupcast can be applied for the broadcast as well, because the reliability of the broadcast also relies on the PRR as a function of the distance between the Tx-UE and the Rx-UEs. Thus, the Rx-UEs can be considered as the clustered UEs surrounding the Tx-UE.
Therefore, as the unified solution in the DRX alignment, the geographical location of the Tx-UE indicated by Zone-ID can be used to align the DRX wake-up time for both broadcast and connection-less group based groupcast.
It is worthwhile noting that, in the beginning of the service, the Tx-UE requires the broadcast transmission for the management regardless of cast type. In a unicast link, for instance, the Tx-UE broadcasts the Direct Communication Request to initiate the unicast layer-2 link establishment, the peer UE feeds back the response via broadcast as well before the security establishment. In such a case, having a common DRX configuration for all the UEs is inevitable.
[bookmark: _Ref52808280]The Zone-ID of Tx-UE as a common parameter should be used to align the DRX wake-up time for both broadcast and connection-less group based groupcast.
In general, the geographical location can be indicated by Zone-ID, with a certain granularity. For the sake of simplicity, the zone in either longitude or latitude where the Tx-UE locates is indicated by Zone-ID with the formulae as


,	    or	,
where L is the value of zone length, W is the value of zone width, and x and y are the geodesic distance in longitude and latitude between UE’s current location and geographical reference coordinates (0, 0).
It should be noted that, the Zone-ID in either longitude or latitude does not need to have wrap-around limitation, because the Zone-ID is used by the Tx-UE itself, and does not need to be exchanged among the UEs.
Based on the (pre)-configured sidelink DRX parameters, the DRX wake-up time operated by each group UE can tie its Zone-ID. Figure 6 exemplifies a groupcast with UE1, UE2, UE3, UE4, and UE5, where the DRX wake-up time for each UE is aligned based on its Zone-ID, with the DRX parameters of On Duration, DRX Cycle, Opportunity for DRX, and Align-Time Offset.
[image: ]
[bookmark: _Ref51100112]Figure 6: An example of groupcast with UE1, UE2, UE3, UE4, and UE5.

The reason to introduce the Align-Time Offset is to shift the DRX wake-up time between the UEs who belong to the neighbor Zone-IDs. This enables to maintain the relation between the Tx-UE and the Rx-UEs who are in proximity and meanwhile, offer a Common On-Duration during which the UEs who locate within the communication range can be ensured to make the transmission or the reception. The relation between the communication range, denoted as CR, and the Common On-Duration, denoted as , can be expressed with the following equations as


	,      and      ,


where  is the interval of On-Duration,  is the Align-Time Offset, N is the number of zones contiguously lined along the communication range, and L is the value of zone length in longitude.
In general, the communication range associated with the QoS of service is given by the higher layer, and then the MAC entity can figure out the Align-Time Offset based on, for instance, the (pre)-configured DRX parameters, or the set of DRX parameters, which ties the communication range.
The Zone-ID where the UE locates ties the sidelink DRX wake-up time, and the UE starts DRX-onDurationTimer for On Duration from the beginning of the slot, if satisfying the equation as
[(SFN × 10) + Slot-Number] mod (DRX-Cycle)
= (DRX-StartOffset + Align-Time-Offset × Zone-ID) mod (DRX-Cycle)		(eq-1)
where
· SFN is the system frame number, given by the network. If out-of-coverage, the direct frame number (DFN), given by GNSS, is used instead;
· Slot-Number is the current slot index;
· DRX-Cycle is the DRX cycle containing On Duration and followed by Opportunity for DRX
· DRX-StartOffset is the start offset of DRX, (pre)-configured in the system.
· Align-Time-Offset is the alignment time offset in slots, between the neighbour zones;
· Zone-ID is the Zone ID in either longitude or latitude, relying on the fixed value of zone length or zone width.
[bookmark: _Ref52808282]The UE starts DRX-onDurationTimer for On Duration from the beginning of the slot, if satisfying the equation (eq-1).
Enhanced Alignment Solution for Groupcast/Broadcast
As an enhanced alignment solution, the destination L2 ID(s) determined in the application layer for any cast type may possibly be considered as a common parameter [5], for instance, after the registration procedure and/or the link establishment.
In the broadcast, the destination L2 ID(s) are configured in the application layer, and which of them in use is selected in the V2X layer and passed down to the AS layer.
In the groupcast, when the group identifier information is provided by the V2X application layer, the UE converts the provided group identifier into a destination L2 ID, and when the group identifier information is not provided by the V2X application layer, however, the UE determines the destination L2 ID based on the configuration of mapping between V2X service type (e.g. PSID/ITS-AID) and Layer 2 ID in the V2X layer.
In the unicast, the destination L2 ID in use depends on the communication peer UEs from the configured destination L2 IDs. The layer-2 ID of the communication peer UEs, identified by the application layer ID, may be discovered during the establishment of the PC5 unicast link, or known to the UE via prior V2X communications, e.g., the existing or prior unicast link to the same application layer ID, or obtained from the application layer service announcements.
This implies that, all UEs who are interested in any cast service are aware of the dedicated destination L2 ID, which can be used as a common parameter for the alignment of DRX wake-up time, regardless of the cast type.
[bookmark: _Ref52808273]The destination L2 ID in any cast type can be used as a common parameter for the unified alignment solution of DRX wake-up time.
Figure 7 exemplifies two DRX groupcasts, one consists of UE1, UE2, UE3, and the other consists of UE3, UE4, and UE5, where the DRX wake-up time for the UEs in Groupcast-1 is aligned based on the destination L2 ID1, and the DRX wake-up time for the UEs in Groupcast-2 is aligned based on the destination L2 IDs, all with the DRX parameters of On Duration, DRX Cycle, and Opportunity for DRX.
[image: ]
[bookmark: _Ref51422325]Figure 7: An example of groupcast with UE1, UE2, UE3, UE4, and UE5.
Each UE in the any cast type associated with the destination L2 ID ties the sidelink DRX wake-up time, and the UE starts DRX-onDurationTimer for on-duration from the beginning of the slot, if satisfying the equation as
[(SFN × 10) + Slot-Number] mod (DRX-Cycle)
= (DRX-StartOffset + Destination-ID) mod (DRX-Cycle)			(eq-2)
where
· SFN is the system frame number, given by network. If out-of-coverage, the direct frame number (DFN), given by GNSS, is used instead;
· Slot-Number is the current slot index;
· DRX-Cycle is the DRX cycle containing On-Duration followed by Opportunity for DRX;
· DRX-StartOffset is the start offset of DRX, (pre)-configured in the system;
· Destination-ID is the destination L2 ID determined by the application layer after the cast with the service(s) is created.
[bookmark: _Ref52808275]The UE starts DRX-onDurationTimer for On Duration from the beginning of the slot, if satisfying the equation (eq-2). 
Enhanced Alignment Solution for Unicast
As discussed for unicast, the PC5 link between the peer UEs is established via the PC5-S and the RRC parameters can be exchanged via the PC5-RRC messages. Therefore, after initializing the alignment of DRX wake-up time by the destination L2 ID, as the enhanced solution, the DRX wake-up time can be adapted and optimized by the PC5-RRC messages and/or MAC-CE, in considering, e.g., the priority (or QoS/service type/requirement) of packet. Due to the diverse unicast services, the alignment adaptation of DRX wake-up time could rely on either the periodic manner if the unicast link serves the periodic traffic, or the dynamic manner if the unicast serves the aperiodic traffic. Here, we classify the uncast links into two types.
Type-1 unicast link is used for the service with a periodic traffic. In this case, the DRX wake-up time should be determined and aligned between two peer UEs, who wake up periodically in every DRX cycle, until the revaluation of the alignment is triggered. For example, once the service in the same link changes, the alignment parameters should be changed as well. This requires exchanging the parameters between the peer UEs. This can be accomplished by triggering the revaluation procedure for the alignment adaptation, via either PC5-RRC or MAC-CE.
Type-2 unicast link is used for the service with an aperiodic traffic. In this case, the DRX wake-up time should be dynamically determined, and the alignment between two peer UEs should fully/partially rely on the L1/L2 signalling. For example, the DRX wake-up time between the peer UEs can be reserved by one of the peer UEs by means of MAC-CE, once it needs to transmit an aperiodic MAC PDU.
[bookmark: _Ref52808284]After initializing the DRX wake-up time aligned with the destination L2 ID, the peer UEs served with the periodic traffic should perform the fine alignment with the constant DRX-Cycle and constant On-Duration, relying on either PC5-RRC and/or MAC-CE. 
[bookmark: _Ref52808286]After initializing the DRX wake-up time aligned with the destination L2 ID, the peer UEs served with the aperiodic traffic should dynamically align the DRX wake-up time, relying on MAC-CE. 
More specifically, the UE in Type-2 unicast link informs its peer UE the information of DRX wake-up time reserved in Type-1 unicast link(s), and the peer UEs take such information into account to dynamically align the DRX wake-up time. The UE can determine the DRX wake-up time based on one of two options:
· Option-1: the UE determines the DRX wake-up time for the peer UEs and informs the DRX wake-up time to its peer UE. In this case, the UE should strive to overlap or match the same DRX wake-up time reserved for Type-1 unicast link.
· Option-2: the UE autonomously determines the DRX wake-up time, relying on the DRX wake-up time reserved by its peer UE but for the other peer UEs in the other unicast link(s), where the UE transmits its MAC PDU instantly. In this case, the UE for that MAC PDU reception does not need to aware the exact DRX wake-up time.
It is worthwhile noting that, there is no conflict between Option-1 and Option-2 in use during the DRX operation. The condition for operating Option-1 is, the UE in On-Duration does aware that neither the peer UE has reserved any DRX wake-up time for the other unicast link(s), nor the DRX wake-up time has been reserved between the peer UEs. In contrast, the condition for operating Option-2 is, the UE decides to transmit MAC PDU and does aware the DRX wake-up time reserved by the peer UE for the other unicast link(s).
[bookmark: _Ref52808287]The UE can determine the DRX wake-up time based on one of two options:
d. [bookmark: _Ref52808291]Option-1: the UE determines the DRX wake-up time for the peer UEs and informs the DRX wake-up time to its peer UE. In this case, the UE should strive to overlap or match the same DRX wake-up time reserved for Type-1 unicast link.
e. [bookmark: _Ref52808293]Option-2: the UE autonomously determines the DRX wake-up time, relying on the DRX wake-up time reserved by its peer UE but for the other peer UEs in the other unicast link(s), where the UE transmits its MAC PDU instantly. In this case, the UE for that MAC PDU reception does not need to aware the exact DRX wake-up time.
Here, we give an example as illustrated in Figure 8, where 3 UEs are communicating to each other with two unicast links.
· Unicast Link-1: UE-1 and UE-2 served with the periodic traffic, dedicated with the destination L2 ID1.
· The initial DRX wake-up time is aligned with the destination L2 ID1;
· After initializing the alignment of the DRX wake-up time, the peer UE1 and UE2 adapt the fine alignment with the constant DRX-Cycle and the constant On-Duration, relying on either PC5-RRC and/or MAC-CE;
· If the service and/or the condition change during the same link, the UE triggers the revaluation procedure of the alignment via either PC5-RRC and/or MAC-CE.
· Unicast Link-2: UE-2 and UE-3 served with the aperiodic traffic, dedicated with the destination L2 ID2.
· The initial DRX wake-up time is aligned with the destination L2 ID2;
· The UE2 informs the UE3 the alignment information of DRX wake-up time which has been reserved in Unicast Link-1 via MAC-CE, and updates the alignment information for the UE3 if the revaluation procedure is completed between the UE1 and the UE2;
· The UE2 during the On-Duration reserves one or more new DRX-Cycle    →    Option-1;
· The UEs strives to overlap or match the same DRX wake-up time reserved for the peer UE1 and UE2 in Unicast Link-1.
· The UE3 determines the DRX wake-up time relying on the information of reservation in the unicast link-1    →    Option-2.
[image: ]
[bookmark: _Ref51228414]Figure 8: An example with 3 UEs and 2 different unicast links.
MAC-CE Design
As discussed previously, the MAC-CE can be utilized to inform the peer UE the alignment information of the DRX wake-up time, in case of the UE
· requiring initially informing its peer UE the alignment information of the DRX wake-up time which has been reserved in Type-1 unicast link, in Type-2 unicast link;
· reserving one or more new DRX-Cycle during the On-Duration, in both Type-1 and Type-2 unicast links;
· triggering the revaluation procedure of the alignment once the service and/or condition in the same unicast link changes, in Type-1 unicast link;
· updating the alignment information for its peer UE, after the revaluation procedure triggered, in Type-2 unicast link.
[bookmark: _Ref52807672]The MAC-CE is utilized to inform the peer UE the alignment information of the DRX wake-up time with the cases.
a. [bookmark: _Ref52807841]The UE requires initially informing its peer UE the alignment information of the DRX wake-up time which has been reserved in Type-1 unicast link, in Type-2 unicast link;
b. [bookmark: _Ref52807843]The UE reservs one or more new DRX-Cycle during the On-Duration, in both Type-1 and Type-2 unicast links;
c. [bookmark: _Ref52807845]The UE triggers the revaluation procedure of the alignment once the service and/or condition in the same unicast link changes, in Type-1 unicast link;
d. [bookmark: _Ref52807847]The UE updates the alignment information for its peer UE, after the revaluation procedure triggered, in Type-2 unicast link.
The MAC-CE message associated with DRX parameters transmitted from the UE to its peer UE at least contains drx-Offset, drx-onDurationTimer, drx-Cycle, and drx-CycleTimer. Figure 9 exemplifies how the UE1/UE2 send a MAC-CE message to its peer UE2/UE1, with the adapted values of DRX parameters.
[image: ]
[bookmark: _Ref51249568]Figure 9: An example of sending MAC-CE message to the peer UE.
It is worthwhile noting that the exact parameters in MAC-CE depend on the QoS/service type/requirement. Furthermore, once the traffic type changes in the same unicast link, the values of parameters should be changed accordingly.
The DRX cycle contains both on-duration and the opportunity for DRX, which enables to control the power consumption for each UE. We believe that, the longer the on-duration, the more the power consumption, and the longer the opportunity for DRX, the less the power consumption.
[bookmark: _Ref52808299]The MAC-CE message associated with DRX parameters transmitted from the UE to its peer UE may at least contain drx-Offset, drx-onDurationTimer, drx-Cycle, and drx-CycleTimer.
In general, the MAC-CE container size in use for exchanging the DRX parameters should not be too large, e.g., beyond 10 bytes from RAN2 perspective. In order to iron out such a problem or risk, alternatively, the values of DRX parameters can be statically or semi-statically (pre)-configured in RRC with the multiple sets, and each set can be identified by a unique index, whereby MAC entity selects a proper one and deliver it via MAC-CE, possibly even via the PSCCH.
[bookmark: _Ref52893411]The DRX parameters can be statically or semi-statically (pre)-configured in RRC with the multiple sets, and each set can be identified by a unique index, whereby MAC entity selects a proper one and deliver it via MAC-CE.
Revaluation Procedure
Previously, we have discussed the exchange scenario of the alignment information conveyed by MAC-CE, in both Type-1 and Type-2 unicast links. Once the service and/or condition in the same unicast link changes, in addition, the revaluation procedure for the DRX alignment adaptation should be triggered. In general, multiple services could be operated in a unicast link established in the application layer with a dedicated destination L2 ID, and each service may require one or multiple PC5 QoS flows. Moreover, the service could be initialized or released at any time, depending on the required applications. In such a circumstance, therefore, the DRX parameters should be statistically adapted accordingly.
From the RAN2 perspective, at least, the following details of the revaluation procedure between the peer UEs should be further studied:
· The condition to trigger the revaluation procedure;
· The information to be exchanged between the peer UEs;
· The flow of the the revaluation procedure.
[bookmark: _Ref52808303]The revaluation procedure should be studied in RAN2, at least, including the triggering condition, the information for exchange, and the procedure flow.
Conclusions
In this contribution, we have discussed how to align the DRX wake-up time based on the existing parameters for the sidelink DRX, such as the destination L2 ID and the Zone-ID, in consideration of minimizing the specification impact. The following observations and proposals should be taken into account in NR-V2X sidelink DRX:
Observation 1: In the legacy LTE-V2X, the sensing and resource selection procedure are designed towards the broadcast, serving the periodical packet, and it does not require for P-UE to make the reception from V-UE and/or P-UE.
Observation 2: In Rel-17, RAN1 is working on the specification of resource allocation to reduce the power consumption of the P-UEs, with the baseline by introducing the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
Observation 3: In TR 23.776, two options are provided for the Pedestrian UE to receive V2X configuration information. One is, a default PC5 DRX configuration is provided by the AMF during the registration procedure, and the other is, a specific PC5 DRX Configuration is provided for mapping of PQI(s) to PC5 DRX configuration.
Observation 4: The default PC5 DRX is configured and provided by the AMF in coverage, but the same DRX configuration can be used in out-of-coverage.
Observation 5: The DRX parameters are configured by RRC, and the MAC entity can control the UE's PDCCH monitoring activity by MAC-CE if in RRC_CONNECTED.
Observation 6: The paging DRX parameters are configured by the system information (i.e., MIB and SIB), and the MAC entity can monitor one paging occasion per DRX cycle in RRC_IDEL /RRC_INACTIVE.
Observation 7: In unicast, the V-UE needs to aware the DRX wake-up time operated for the peer P-UE in the scenario of V2P, and the DRX wake-up time needs to be aligned between the peer P-UEs in the scenario of P2P.
Observation 8: In groupcast/broadcast, the DRX wake-up time needs to be aligned among the P-UEs (either the grouped P-UEs or the P-UEs in proximity), and the V-UE(s) needs to aware the aligned DRX wake-up time if requiring the transmission.
Observation 9: The P-UE may be operated with the sidelink DRX for the power saving in the scenarios of both application layer managed group and application layer connection-less group.
Observation 10: The MAC-CE is utilized to inform the peer UE the alignment information of the DRX wake-up time with the cases.
a. The UE requires initially informing its peer UE the alignment information of the DRX wake-up time which has been reserved in Type-1 unicast link, in Type-2 unicast link;
b. The UE reservs one or more new DRX-Cycle during the On-Duration, in both Type-1 and Type-2 unicast links;
c. The UE triggers the revaluation procedure of the alignment once the service and/or condition in the same unicast link changes, in Type-1 unicast link;
d. The UE updates the alignment information for its peer UE, after the revaluation procedure triggered, in Type-2 unicast link.

Proposal 1: RAN2 should take Option 1 and Option 2 as a baseline, and study the DRX configuration for the Pedestrian UE
Proposal 2: The definition of on/off duration for DRX cycle in Uu and its corresponding UE procedure can be taken as the baseline study for the sidelink DRX, but the scenarios of in-coverage and out-of-coverage, as well as the impact on different cast types have to be considered.
Proposal 3: In order to avoid the physical resource collision between the different groups in transmission, the sidelink DRX solution should avoid the over-alignment of the DRX wake-up time in any cast types.
Proposal 4: In order to minimize the impact on Rel-17 specification, RAN2 should first strive to have a simple and unified sidelink DRX solution towards the different cast types.
Proposal 5: The potential solutions for the sidelink DRX, should take into the following considerations:
a. The solutions should ensure the performance of reliability and latency, such as PRR and PIR;
b. The solutions should properly work for broadcast, groupcast, and unicast;
c. The solutions should properly work in both in-coverage and out-of-coverage.
Proposal 6: The Zone-ID of Tx-UE as a common parameter should be used to align the DRX wake-up time for both broadcast and connection-less group based groupcast.
Proposal 7: The UE starts DRX-onDurationTimer for On Duration from the beginning of the slot, if satisfying the equation (eq-1).
Proposal 8: The destination L2 ID in any cast type can be used as a common parameter for the unified alignment solution of DRX wake-up time.
Proposal 9: The UE starts DRX-onDurationTimer for On Duration from the beginning of the slot, if satisfying the equation (eq-2).
Proposal 10: After initializing the DRX wake-up time aligned with the destination L2 ID, the peer UEs served with the periodic traffic should perform the fine alignment with the constant DRX-Cycle and constant On-Duration, relying on either PC5-RRC and/or MAC-CE.
Proposal 11: After initializing the DRX wake-up time aligned with the destination L2 ID, the peer UEs served with the aperiodic traffic should dynamically align the DRX wake-up time, relying on MAC-CE.
Proposal 12: The UE can determine the DRX wake-up time based on one of two options:
a. Option-1: the UE determines the DRX wake-up time for the peer UEs and informs the DRX wake-up time to its peer UE. In this case, the UE should strive to overlap or match the same DRX wake-up time reserved for Type-1 unicast link.
b. Option-2: the UE autonomously determines the DRX wake-up time, relying on the DRX wake-up time reserved by its peer UE but for the other peer UEs in the other unicast link(s), where the UE transmits its MAC PDU instantly. In this case, the UE for that MAC PDU reception does not need to aware the exact DRX wake-up time.
Proposal 13: The MAC-CE message associated with DRX parameters transmitted from the UE to its peer UE may at least contain drx-Offset, drx-onDurationTimer, drx-Cycle, and drx-CycleTimer.
Proposal 14: The DRX parameters can be statically or semi-statically (pre)-configured in RRC with the multiple sets, and each set can be identified by a unique index, whereby MAC entity selects a proper one and deliver it via MAC-CE.
Proposal 15: The revaluation procedure should be studied in RAN2, at least, including the triggering condition, the information for exchange, and the procedure flow.
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Annex
In order to clarify how much performance impact does incur due to the DRX in groupcast, we perform the SLS simulation based on the simulation assumptions, listed in Table 1. We take into three DRX schemes consideration for the performance comparison, respectively defined as
· No DRX: In this case, as a benchmark, each P-UE performs the sensing for all the time on the sidelink channel and then, makes the resource selection accordingly once the packet is arrival.
· [bookmark: _Hlk54168273]DRX with random offset: In this case, as a worst-case scenario, each P-UE performs the sensing on the sidelink channel only in DRX On-Duration. The offset of DRX On-Duration is randomly predetermined by each P-UE individually. The P-UE, then, makes the resource selection within the DRX On-Duration accordingly once the packet is arrival.
· DRX with the same offset: In this case, each P-UE performs the sensing on the sidelink channel only in DRX On-Duration. The offset of DRX On-Duration is predetermined by each P-UE and aligned among all the P-UEs. The P-UE, then, makes the resource selection within the DRX On-Duration accordingly once the packet is arrival.
Figure 10 shows the PRR as a function of P-UE to P-UE distance in groupcast, with the target communication range of 320m, and the option-1 HARQ, considering the periodic traffic with the periodic intervals of 100ms.
[image: ]
[bookmark: _Ref54087308]Figure 10: PRR vs. P-UE to P-UE distance in groupcast, considering the periodic traffic with the interval of 100ms.
The several observations can be made as follows:
· In the scheme of no DRX, the PRR can be almost perfectively achieved due to the assumption of low traffic intensity.
· [bookmark: _Hlk54169504]In the scheme of DRX with random offset, the PRR is less than 0.2, which cannot sustain the sidelink transmission and reception.
· In the scheme of DRX with the same offset, the PRR degrades significantly due to the resource collision occurring in (re)transmission within the limited DRX On-Duration (drx-onDurationTimer = 13 slots).
Consequently, the scheme of DRX with random offset cannot sustain the sidelink transmission and reception, while the scheme of DRX with the same offset degrades the PRR significantly. We believe that, the alignment of sidelink DRX wake-up time among P-UEs is necessary, but the over-alignment should be avoided.
[bookmark: _Ref521072138]Table 1: SLS simulation assumptions.
	Attributes
	Values or Assumptions

	Number of drop
	5

	Simulation length
	5000[slots](5s) + warmup(3000[slots])

	Scenario
	base on Urban grid case of option A of 3GPP TR 37.885 V15.1.0 + R1-1811915
Groupcast in the simulation area of 1500[m]×1299[m]

	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	3 km/h

	Average number of P-UEs
	200 on average

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20 [MHz] (100RBs, 1200subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Subchannel type
	PSCCH+PSSCH scheme

	Size of sub-channel
	25 RBs

	Modulation and Code rate
Error curve type of PSCCH
	QPSK, Polar coding 

	Modulation and Code rate
Error curve type
of PSSCH
	QPSK, LDPC
190byte: 25RB, R=0.339367(without PSFCH), 0.513699(with PSFCH)
300byte: 25RB, R=0.490196(without PSFCH), 0.742009(with PSFCH)

	Traffic mode
	Traffic: Model-1 (low traffic intensity)
- traffic generate vehicle rate：50%
- Inter-packet arrival time: 100 ms
- Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
- Latency requirement: 100 ms

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP)

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Chase combining with
the same number of sub-channels as initial Tx

	HARQ Scheme
	Option-1 HARQ with the target communication range of 320m

	Number of retransmissions
	1

	Selection Window Length
	100 slots

	Number of 1st Stage SCI resources
	3 symbols

	DRX mode
	No DRX, DRX with random offset, DRX with the same offset.

	On Duration: drx-onDurationTimer
	13 slots
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