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1. [bookmark: _GoBack]Introduction
In the NR sidelink enhancement WID [1], sidelink DRX is included as one of the objectives as follows:

	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 UE 


Though sidedlink DRX is specified as RAN2 work scope, it may have an impact on the physical layer operation of sidelink such as the resource allocation and the power saving. This contribution discusses a possible impact on RAN1 due to the introduction of the sidelink DRX operation in RAN2.
2. Discussion 
2.1 Possible SL DRX configuration
SL DRX cycle may consist of ON duration and OFF duration, which can be configured by network or can be autonomously selected by UE, similar to mode-2 operation. SL DRX cycle configuration may include the following information, similar to Uu link DRX configuration:
· SL DRX cycle period and offset
· SL DRX on-duration timer
· SL DRX inactivity timer
· SL DRX retransmission timer
· SL DRX HARQ RTT timer
· SL DRX short cycle period and offset
· SL DRX HARQ RTT timer for UL
· SL DRX retransmission timer for UL
For the rest of discussion in this paper, the following terminologies were used:
· ON duration: Time duration while SL DRX on-duration timer is running in SL DRX cycle
· OFF duration: Time duration except ON duration in SL DRX cycle
· Active time: Time duration while SL DRX on-duration timer, SL DRX inactivity timer, SL DRX retransmission timer, or SL DRX retransmission timer for UL is running in SL DRX cycle
· Inactive time: Time duration except the active time in SL DRX cycle
There are types of information related to mode-1 or mode 2 operation or both modes in the SL DRX configuration above. The active time and inactive time can be defined similar to those in Uu DRX operation. That is, the active time includes on-duration timer, inactivity timer and retransmission timer. The inactive time is the rest of time duration except active time among DRX cycle period. Further extension of the active time to include the time duration when UE wakes up to transmit a signal (e.g. PSCCH/PSSCH or wake-up indication) or to receive a signal (e.g. for monitoring wake-up indication) may be considered.
Given the limited time duration for UE reception, the concept of ‘common’ ON duration (COD) can be considered in SL DRX operation. The COD can be configured regardless of UE (UE-common) or service/logical channel (service/LCH-common). This is sort of an anchor time duration, through which UE can broadcast a basic safety message that all the UE should receive, or from which an individual SL DRX cycle used for an individual UE or a specific service/LCH can be extended or derived. The COD can also be used for monitoring a wake-up indication, which can be monitored by all UEs and depending on the target UE information of the wake-up indication, the relevant UE can wake up for PSCCH/PSSCH reception.
Together with COD, an individual ON duration can configured per UE or service/LCH. Based on the indication by PSCCH transmitted on COD, the COD can be extended by the inactivity timer to become the individual ON duration for the UE targeted by the PSCCH. Or an individual ON duration can be created based on the wake-up indication signal transmitted on COD, which includes the time location and/or the activation/deactivation of the individual ON duration.
With the concept of COD, UEs can efficiently communicate each other even though each UE operates based on its own individual DRX cycle as necessary for a specific service provision. COD is a guaranteed anchor, on which every UE expects the initial and common link for reception and possibly transmission. On the other hand, COD can be used for a link to a specific service access. For example, an individual DRX cycle can be defined per service or LCH in AS layer. A UE that is interested in a specific service or a LCH can monitor a relevant PSCCH or wake-up indication signal that indicates the SL DRX cycle information for that service or the LCH, from which the ON duration the UE can receive the packet of the service or the LCH.
Proposal 1: As a common anchor time duration for communication among SL DRX UEs, a UE-common or a service/LCH-common SL DRX ON duration can be considered in SL DRX configuration.
SL DRX cycle can be managed more efficiently based on the status of SL transmission. After SL DRX cycle configuration is (pre-)configured, there are two options for more efficiently handling SL DRX operation. First, the SL DRX related timer values can be adjusted adaptively according to the resource reservation information, which is signaled in the received PSCCH. For example, the inactivity timer value can be adjusted based on the timing gap between two SL transmissions indicated by the time domain resource allocation in SCI. The period of SL DRX cycle can be adjusted to be aligned with the period of the SL grant, for example. If the SL grant period is too small to be aligned by the SL DRX cycle period, it can be used for adjusting the inactivity timer or the retransmission timer. As another example, SL HARQ RTT timer value can be adjusted based on the SL grant period if the SL grant period is long enough to provide power saving by making UE sleep during the period.
The second way for efficiency is based on the SL HARQ feedback. If RX UE transmits SL HARQ ACK to TX UE after successfully decoding the received TB, and for example RX UE knows that the next SL SPS transmission is scheduled at some distant point of time, RX UE can stop running the inactivity timer, which was restarted after receiving the relevant PSCCH in ON duration. If RX UE fails to decode the TB and transmits HARQ NACK to TX UE, it keeps running the inactivity timer so that it can detect the next retransmission of the TB.
Proposal 2: Given (pre-)configuration on SL DRX cycle, SL DRX active or inactive time duration can be handled as follows:
Opt 1. Timer value is adjusted based on the resource reservation information signaled in PSCCH.
Opt 2. Timer value is unchanged, but its running is stopped based on SL HARQ ACK transmission.
SL DRX cycle or its ON duration can be dynamically generated as triggered by e.g. Wakeup Indication Signal (WIS). The WIS can indicate the timing offset, after which a new SL DRX cycle is generated and/or the activation/deactivation of the (pre-)configured SL DRX cycle. This kind of ‘on-demand’ generation of SL DRX cycle can be more efficient for aperiodic traffic reception in NR V2X.
Regarding the unit of the SL DRX related timer values and the SL DRX cycle duration, it can be an absolute time values, or the value expressed in physical slot or SL logical slot. If those values are expressed by an absolute time, SL DRX cycle configuration may have commonality with that of Uu link. Those values can be expressed in slot, which is the basic time unit in NR V2X, and in that case either physical or SL logical slot can be used. If physical slot is used, then SL DRX cycle can be more easily harmonized with Uu link DRX cycle e.g. without any conversion. But if those values are defined as either an absolute time or a physical slot, the absolute number of SL slots that is relevant for SL DRX active time may vary depending on the TDD configuration. Therefore, to achieve a constant effective time duration regarding each timer values of SL DRX, it would be better to use SL logical slot as a unit. The conversion method between the absolute time and the SL logical slot used in NR V2X can be reused.
Proposal 3: SL DRX cycle related timer value can be in unit of SL logical slot, which ensures the constant number of SL logical slots belonging to a certain timer.
SL DRX cycle can be configured per UE or per logical channel or per SL grant. If SL DRX cycle is configured per UE, there is only one DRX cycle per UE, which covers all kinds of TB transmissions. It may be somewhat inefficient as there are multiple kinds of services or logical channels in communication between two UEs. The other way is to configure a SL DRX cycle per SL grant. With this approach, each DRX cycle can be more efficiently managed through some level of adaption of the DRX cycle based on the SL resource reservation information. The final resultant SL DRX cycle that comprises effective active and inactive time duration can be made by simply logical-ORing all the individual SL DRX cycles configured per SL grant. In this case, the number of the individual DRX cycles and the degree of overlapping active times among each DRX cycle needs to be handled so as not to cause power consumption above the allowed level. The theoretical worst case may be always ON duration after summing up all the individual DRX cycles.
SL DRX may also have impact on the inter-UE coordination. In addition to the preferred/non-preferred resource information as assistance for inter-UE coordination, the SL DRX cycle configuration information that the coordinating UE is using for power saving can be delivered to the coordinated UE as assistance information. When receiving the coordinating UE’s SL DRX cycle configuration information, the coordinated UE can shift or adjust its own SL DRX cycle to overlap with the coordination information, so that both UEs have common time duration for SL communication. The common monitoring occasion for WIS can also be included in the coordination message. One of the examples of such coordination may be the case where the relaying non-DRX UE coordinates the remote DRX UE.
If such SL DRX cycle configuration is included in the assistance information for inter-UE coordination, the confirmation message or signaling on the reception of such message may need to be signaled to the coordinating UE. All these SL DRX cycle configuration and the reception confirmation can be transmitted and received through the COD, for example.
When the coordinated UE receives the recommended SL DRX cycle configuration transmitted from the coordinating UE, whether or not to accept the recommendation or adapt its own SL DRX cycle to the recommended SL DRX cycle may be related to the coordinated UE’s capability regarding the maximum power consumption. In this sense, the coordinated UE may share its power consumption capability with the coordinating UE or adjacent UE to help the coordination.
For such inter-UE coordination in terms of SL DRX cycle configuration, either TX UE or RX UE may be a coordinating UE. When TX UE coordinates RX UE’s SL DRX cycle configuration, and has a new TB for transmission or has the reserved SPS SL resources for transmission, it can generate a SL DRX configuration so that those transmission occur within the active time. TX UE can make RX UE wake up prior to the timing of transmission with the coordination message. But in this case, TX UE cannot know whether RX UE can accommodate the TX UE’s SL DRX recommendation in the aspect of the RX UE power consumption capability. For example, if RX UE is already consuming its maximum capable power for communication with other UEs, RX UE cannot any more accept the TX UE’s recommended SL DRX cycle that requires the active time extension. For this reason, it would be more reasonable that RX UE coordinates TX UE’s SL DRX cycle configuration.
If SL DRX cycle is managed per SL grant, and the final SL DRX cycle is the sum of all such SL DRX per SL grant, the number of SL DRX cycles currently used and/or the ratio of the active time to the inactive time duration of the final SL DRX cycle of the coordinated UE can be delivered to the coordinating UE as an assistance information. Receiving those information, a coordinating UE can consider its coordination information regarding the preferred/non-preferred SL DRX cycle information, so as not to impose additional burden to the coordinated UE in terms of power consumption.
Proposal 4: SL DRX cycle configuration information can be considered as one of the assistance information for inter-UE coordination.
2.2 Possible DRX operation
SL DRX UE is expected to receive PSCCH/PSSCH only during the active time of the SL DRX cycle. Regarding the time duration allowed for SL DRX UE to transmit PSCCH/PSSCH or e.g. wake-up indication signal, there are two options. The first option is that SL DRX UE’s transmission is allowed only within the active time. The benefit of this option is that the power consumption is minimized as SL DRX UE wakes up only in the active time duration. However, from communication perspective, the first option may be too restrictive because both DRX UE and non-DRX UE should transmit and receive packets only during the active time for communication between each other. It may cause severe channel congestion issue because all the relevant traffics are focused on the limited active time duration.
As a second option, SL DRX UE can transmit a packet during the inactive time duration as well as the active time duration of the SL DRX cycle. The transmission during the inactive time duration may be limited to the non-DRX UE. The drawback of this option is of course the increased power consumption because SL DRX UE should also wake up for transmission during the inactive time. However, at the cost of this increased power consumption, the congestion level during the active time duration is significantly relaxed, so the entire SL resources are more efficiently used.
As a summary, there are trade-off between the power consumption and the resource efficiency for two options above. RAN2 decision on this issue may impact the SL DRX UE operation in RAN1 aspect.
Proposal 5: Two options on the time duration allowed for SL DRX UE’s transmission can be considered.
Opt 1. SL DRX UE can transmit a signal only during the active time.
Opt 2. SL DRX UE can transmit a signal during the inactive time as well as the active time.
In advanced V2X application, the aperiodic traffic as well as the periodic traffic occurs frequently, so the conventional SL DRX operational procedure based on the periodic SL DRX cycle may not be suitable for detecting the SL transmission of interest. A possible way of more efficiently operating SL DRX cycle can be considered as follows. First, SL DRX UE operates with a short SL DRX cycle to search if there is any SL transmission for the UE itself. As there is no priori known information on the traffic, it would be better to use a short period rather than a long period. If PSCCH of interest is detected, UE switches to a long SL DRX cycle mode and adapts its SL DRX related parameters based on the resource reservation information indicated by the detected PSCCH. Then UE continues to operate with the long SL DRX cycle to receive the relevant packets. When the series of packets are all transmitted and there is not further packet to be transmitted for the time being, UE comes to detect successive failures of PSCCH detection in ON duration. If the number of PSCCH detection failures reaches a (pre-)configured threshold, the UE switches back to the short SL DRX cycle to search another burst packets transmission, which has a different periodicity or transmits an aperiodic packet. If the UE detects a new PSCCH of interest, then the UE switches again to a long SL DRX cycle, and repeats the above procedures.
Observation 1: SL DRX procedure can be further improved to handle SL transmission and the aperiodic traffic.
For efficient communications among the members of a group that operates in SL DRX mode, the SL DRX cycle information can be shared so that all the members can use the same SL DRX cycle. Or a certain UE such as e.g. a platooning head UE can indicate the SL DRX cycle that all the members need to use for groupcast.
2.3 Impact on mode-1 operation
As for the possible impact of SL DRX on the mode-1 operation, one issue is whether the timing of SL resources configure by the network is included in the active time of SL DRX cycle. It may depends on whether the SL DRX UE’s transmission during the inactive time is allowed or not. If it’s allowed, it is up to network implementation whether or not to locate the configured SL resources on the active time or the inactive time.
If SL DRX UE’s transmission during the inactive time is not allowed, or UE wants to save power by avoiding wake-up during the inactive time, there are possible ways to achieve this goal. One option is to shift the (pre-)configured SL DRX cycle so that the configured SL resources are scheduled to be on the active time of the SL DRX cycle. The other option is to report to the network the SL DRX cycle that UE uses for SL transmission, if the SL DRX cycle is not the one configured by the network (e.g. COD can be configured by the network, and an individual SL DRX cycle can be autonomously selected by a UE). Upon receiving the reported SL DRX cycle of the UE, the network can adjust the configured SL resource timing so that the SL resources are scheduled to be on the active time of the SL DRX cycle. 
Another issue of mode-1 is the alignment between the Uu link DRX and the SL DRX active time. If two DRX active times fully overlap, the power saving gain of the UE will be maximized. But this may cause more frequent collisions between UL and SL transmission/reception. If two DRX active times do not overlap at all, such transmission/reception collision will never occur, but it requires more power consumption as UE should wake up during a longer period (that is, the sum of Uu link DRX and SL DRX active times). There are two options for this non-overlapping case. One option is to locate two DRX cycle active times adjacent each other in time domain. This option, to some extent, is beneficial in power consumption perspective as UE can keep waking up once it wakes up during either active time. The other option is to separate two active times by a distance in time domain. This may be beneficial in that the SL DRX operation does not interfere with the Uu link communication, which is discussed in more detail in Section 2.9. As a compromise, both DRX active times may partially overlap, and the collision rate and the UE power saving level will be moderate.
For communication between mode-1 DRX UE and mode-2 DRX UE, mode 1 DRX UE can share the SL DRX cycle information configured by the network with the mode-2 DRX UE. Then mode-2 DRX UE can adapt its own SL DRX cycle to that of the shared SL DRX cycle of the mode-1 UE. The vice versa also works. That is, the mode-2 DRX UE shares its own SL DRX cycle information with the mode-1 DRX UE, then the mode-1 DRX UE report the shared DRX cycle information to the network. As a result, the network can configure the SL DRX cycle to be used by the mode-1 DRX as adapted to that of the mode-2 DRX UE.
Another issue concerning the SL DRX cycle alignment may happen between two SL DRX UEs that have RRC connection with different cells. As each cell may configure the SL DRX cycle independently from other cell, SL DRX cycle information sharing between two kinds of DRX UEs would be helpful for communication between them.
Proposal 6: For power saving of the UE operating on a shared carrier, some level of overlapping between the Uu link DRX active time and the SL DRX active time can be considered. If two kinds of active time overlap each other, the SL DCI can be scheduled to be transmitted on the overlapping time duration. 
If SL DRX UE’s transmission and reception is limited only to the active time duration, the network can schedule SL grant so that mode-1 CG period is same as the SL DRX cycle period. In addition, the timing of the first resource of CG and DG resource occasion is schedule to be included in ON duration. The rest of resources or the retransmission resources can be scheduled to be on the active time.
2.4 Impact on mode-2 resource allocation
Mode-2 operation can also be affected by the SL DRX operation. First of all, RAN1 needs to clarify what time duration can be used for the channel sensing for mode-2 resource allocation. There are two possible options about the channel sensing duration. The first option is to allow the channel sensing only during the SL DRX active time. The benefit of this option is the maximum power reduction of the SL DRX UE because the DRX UE needs to wake up only during the active time. However, this option may significantly degrade the channel sensing performance because the sensing window is configured only within the active time, which may be far past from the resource selection window depending on the SL DRX cycle period.
More reasonable option may be to allow the channel sensing during the inactive time as well as the active time. Though it requires more power consumption of the UE, the reliability of the channel sensing results will be significantly enhanced. For example, if SL DRX UE is to transmit a packet during the ON duration, and the channel sensing is allowed only during the active time, there is no way of getting the sensing results based on the recent channel status. In this case, a certain time duration prior to the ON duration on the inactive time can be used for channel sensing, and the UE will get more reliable sensing results.
From the power consumption point of view, the channel sensing and the DRX operation in the active time need to be distinguished. For DRX operation in the active time, UE is expected to monitor PSCCH of interest, and if the PSCCH of interest is detected, it should decode PSSCH for data reception. Different from the DRX operation above, for channel sensing, UE only needs to decode PSCCH to get the resource reservation information of other UEs. In this sense, only the 1st SCI carried by PSCCH needs to be decoded. Considering the power consumption analysis done for Uu link DRX operation, the DRX operation corresponds to PDCCH+PDSCH decoding case, and the channel sensing to PDCCH-only decoding case in the table below [2]. From the figures in the last column, the power consumption of the channel sensing is approximately one third of that of the DRX operation in the active time. Therefore, the loss in power consumption may not be that serious, while the reliability gain over channel sensing is very high.
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



Proposal 7: Two options can be considered for channel sensing duration in mode-2 resource allocation.
	Opt 1. Chanel sensing is allowed only during the active time.
	Opt 2. Channel sensing is allowed during the inactive time as well as the active time.
From the power consumption point of view, PSCCH decoding required for channel sensing may still be considered as high compared to that of inactive time (≈2 to 100 times depending on the power state in the table above). For power saving, a simplified way of sensing can be considered for SL DRX operation. Instead of decoding PSCCH to get the resource reservation information, the received signal strength (RSSI) can be used for sensing. As RSSI measurement does not bring any information about the resource reservation, the resources related to the high RSSI and its possible periodic transmission resources can be regarded as the conflicting resources and can be excluded in the resource selection procedure. For this method, all the possible periodicities are taken into account for calculating possible confliction.
SL DRX operation may also have impact on the mode-2 resource selection procedure. Similar to the channel sensing window case, there are two options for time duration for the resource selection window. One option is to allow the selection window only during the active time. This is beneficial to the power saving, but transmission through this limited time duration may cause severe channel congestion problem, as discussed in Section 2.2. The other option is to allow the selection window during the inactive time as well as the active time. This is beneficial in terms of channel congestion and thereby the resource usage efficiency at the cost of power consumption is improved. The amount of additional power consumption compared to the first option may be minimized if the SL transmission is scheduled adjacent to the active time, so that UE doesn’t have to wake up and sleep with small time gap.
Proposal 8: Two options can be considered for resource selection duration in mode-2 resource allocation.
	Opt 1. Resource selection is allowed only during the active time.
	Opt 2. Resource selection is allowed during the inactive time as well as the active time.
If both channel sensing and resource selection are possible only during ON duration because the active time duration extended by the inactivity timer or the retransmission timer is not guaranteed as always available, further consideration on the resource selection is necessary. For simplicity, let’s consider the case we divide the ON duration roughly as the first and the second half. If a TB needs to be transmitted during the first half of ON duration, the resource selection will be done over the first half. As the channel sensing is available only during the ON duration, there may be no or insufficient sensing results for resource selection on the first half. For this reason, the only possible option is to do random selection instead of the resource selection based on sensing for the first half. On the other hand, the resource selection on the second half can be based on the sensing results performed over the first half ON duration. Therefore the resource selection method may be different depending on the position of the selection window in this case. In any case, the resource selection window can be determined during the minimum of PDB and ON duration. 
Regarding the resource (re)selection procedure, the active time extension can be used instead of increasing the RSRP threshold when the number of candidate resources are not sufficient compared to the configured target number or ratio. If the resource selection of the SL DRX UE is limited to the active time duration, the resource re-evaluation may not be allowed for SL DRX UE. It’s because there could be no further resources available for re-evaluation and re-selection in SL DRX operation. An alternative is to trigger active time extension if re-evaluation is required, which would be helpful to extend the number of candidate resources. With similar reason in the re-evaluation case, the pre-emption may not be allowed for SL DRX UE’s transmission. An alternative is to allow pre-emption if the priority of the pre-empting packet is above the (pre-)configured priority level. One possible way to avoid pre-emption is to make TX UE aware of the sensing window of the SL DRX UE. It would be helpful for e.g. partial sensing UE, as the partial sensing is done over the very limited time duration. If the partial sensing duration of UE-A is known to UE-B that transmits a higher layer packet, UE-B can transmit one of the transmissions of a TB on at least one of the partial sensing durations. It makes UE-A aware of UE-B’s transmission by channel sensing in advance, before detecting pre-emption. In mode-2 SL DRX operation, if the re-evaluation or the pre-emption occurs, then the SL DRX cycle can be shifted based on the timing of the re-selected resources.
SL DRX active time is extended based on the detection of a new transmission by using the inactivity or the retransmission timer. In a simple example, the initial transmission of a TB can be made during the ON duration. Then based on the UE detection and reception of the PSCCH/PSSCH for the initial transmission, the active time is extended by restarting the inactivity timer. Then the additional blind retransmission can be made during the extended active time duration. In this way, the active time extension can be efficiently managed to avoid unnecessary extension. In this operation, the successful transmission and reception of the initial transmission becomes quite important. If DRX UE misses it or fails to decode the TB of the initial transmission, there is no possibility for DRX UE to receive additional blind retransmission of the TB. For this reason, a method for robust initial transmission can be considered for SL DRX operation. In addition, the initial transmission may be made during the ON duration of the SL DRX, not during the extended active time as it’s not always guaranteed time duration. One possible way is that the initial transmission of a TB is made during the COD, which is expected to be monitored by all SL DRX UEs.
There are some possible options to achieve this goal. The first option is simply sending a TP a number of times within ON duration (repetition gain). The second option is to use a small number of subchannels for initial transmission to get the power boosting gain. The extreme case may be using a single subchannel. The third option is to use only blind retransmission rather than HARQ based retransmission. That is, HARQ feedback is disabled for the initial transmission. The fourth option is use both HARQ ACK and NACK for initial transmission. That is, NACK-only HARQ feedback option is not allowed because once UE misses an initial PSCCH transmission (DTX), there is no possibility to make TX UE know the situation. The last point that need to be considered is to decode the MAC header of PSSCH to improve the reliability of the destination ID information.
Proposal 9: The initial transmission of a TB can be made during ON duration, and additional retransmission during the extended active time.
2.5 Impact on partial sensing
Similar to the sensing window issue discussed in Section 2.4, SL DRX operation may have impact on the partial sensing for power saving. Both SL DRX and partial sensing are the operational options for UE power saving. It may be possible to combine both options for SL operation with maximum power saving. One issue regarding such combined operation is the partial sensing duration under SL DRX operation. In this case, three options can be considered for the combined partial sensing and the SL DRX operation.
First option is to allow the partial sensing window only during the active time of the SL DRX cycle. And the second option is to allow the partial sensing window during the inactive time as well as the active time. The first option has advantage in power saving but disadvantage in the reliability of the sensing, and vice versa for the second option. The third option is thought to be a hybrid approach of the two options above. As the active time of the SL DRX cycle may be relatively short in duration (e.g. same as ON duration in worst case), the partial sensing in the active time may not make much sense. That is, the sensing during ON duration itself can be considered as sort of partial sensing. So it would be better choice to perform “normal” sensing during the active time. On the other hand, during the inactive time, which is relatively longer than the active time duration, the partial sensing would be better choice for UE power saving. Combining these two sensing operation can be a third option. That is, the normal sensing during the active time and the partial sensing during the inactive time.
Proposal 10: There are three options that can be considered for partial sensing under SL DRX operation.
	Opt 1. Partial sensing is allowed only during the active time.
	Opt 2. Partial sensing is allowed during the inactive time as well as the active time.
Opt 3. Partial during the inactive and the normal sensing during the active time.
2.6 Wakeup indication signal (WIS)
More efficient way of SL DRX operation would be to allow a dynamic configuration of the SL DRX cycle rather than a (pre-)configured static configuration. It’s thought to be more suitable and beneficial for advanced V2X applications, which are supposed to generate the aperiodic traffic as well as the periodic traffic.
Dynamic configuration of the SL DRX cycle can be possible if a specific signal is used to indicate the activation/deactivation of the (pre-)configured SL DRX cycle. In NR Uu link, WUS (wake-up signal) is specified to indicate the deactivation of the DRX cycle. It could be sufficient for NR Uu link communication, where all the transmission are scheduled by the network. Network is assumed to know all the UE’s status and traffic patterns, thus it can manage the DRX configuration suited for given status. But it’s not the case any more for the SL DRX operation. In SL transmission, especially for mode-2 operation, UE autonomously selects the SL resources based on its own sensing operation. The traffic pattern and the communication/channel status are not known to the network unless reported separately. In this sense, a dynamic configuration of the SL DRX cycle may be helpful.
For the purpose described above, more generalized signaling termed as WIS (wake-up indication signal) can be considered for SL DRX case. WIS can function as NR Uu WUS by indicating activation/deactivation of the (pre-)configured SL DRX cycle. In addition, it can indicate the creation/termination of a new SL DRX cycle, depending on the generation status of the TB to be transmitted. For creation/termination of a new SL DRX cycle, WIS can additionally indicate the timing of SL DRX cycle to be created/terminated, or the index/ID of the target SL DRX cycle. WIS can also be used to extend the ON duration of the SL DRX cycle, similar to the PSCCH that indicates a new TB transmission. Upon reception of WIS, DRX UE restarts the inactivity timer or the retransmission timer so that the active time is extended by the timer.
In SL operation perspective, when TX UE has a new TB for transmission, TX UE can transmit WIS to RX UE prior to transmission and RX UE keeps monitoring the WIS transmission. When it detects the WIS, RX UE wakes up at the indicated time instant according to the indicated SL DRX cycle operation, and it receives the packet that TX UE transmitted.
One issue may occur in relation to the monitoring operation of RX UE. Of course, RX UE can always monitor the existence of WIS at all times, but it’s not reasonable operation for power saving. It would be better that the timing for monitoring WIS is (pre-)configured. If the interval between such monitoring occasions is large, the UE power consumption will be minimized. One possible way is to use the concept of COD, which is discussed in Section 2.1. That is, WIS can be transmitted on those UE-common or service/LCH-common time duration. But it may limit the timing of TB generation, which is too restrictive to the application or upper layer operation. Another possibility is to (pre-)configure the periodic WIS monitoring occasion as such common anchor time duration for all UEs or all services/LCHs. Then, UE can wake up on such relatively short time duration, and checks whether or not to activate or to create a SL DRX cycle on demand.
Proposal 11: Wakeup indication signal (WIS) can be considered for dynamic handling of SL DRX cycle. There are three possible usages of WIS in SL DRX operation.
	Opt 1. WIS activates or deactivates (pre-)configured SL DRX cycle or ON duration.
	Opt 2. SL DRX cycle is dynamically created or terminated as indicated by WIS.
Opt 3. WIS is used to trigger SL DRX active time extension.
WIS can be implemented by several ways. First of all, a dedicated sequence can be designed to be used for WIS. A set of such sequences may carry the required WIS information. Second, similar to NR Uu WUS, the SCI can be used as WIS function, where the first and the second SCI carried by PSCCH and PSSCH respectively are used in SL DRX operation. Third, a new PSCCH format can be designed to be used for WIS. This new PSCCH may carry only the WIS-related information. Fourth, some reserved field in PSCCH can be used for WIS. The last possibility is to use a higher layer signaling or MAC CE as the WIS function.
Proposal 12: PSCCH can be considered to be used for wakeup indication signal (WIS) in SL DRX operation.
2.7 PSCCH detection accuracy
In Uu link, DCI carries a full destination ID information, so DRX UE can determine without ambiguity whether the UE should decode the PDSCH indicated by the PSCCH. However, in SL transmission, only a partial source ID (8 bits) and destination ID (24 bits) are carried in the 2nd SCI, which are included in PSSCH. Therefore, in active time duration, UE is just able to use such partial ID information to determine whether the detected PSCCH is targeted to the UE or not. This may cause ambiguity because other UEs may have the same partial destination ID of 16 bits among the full destination ID of 24 bits. The full destination ID information is achieved only after decoding the MAC header carried by PSSCH, which requires additional power consumption. Therefore, there are trade-off between the power consumption and the reliability of the destination ID.
With this in mind, we can think of three possible operations regarding the detection of PSCCH in SL DRX. The first option is to use only the partial information of the destination ID carried by the 2nd SCI to determine whether or not to proceed with further TB decoding. This option is the best for power saving. The second option is to complete the destination ID information by decoding the MAC header in PSSCH, to determine whether to further decode a TB. Such reliable ID information requires the cost of more power consumption. The last option is to use both the source ID and the destination ID for this purpose. In Rel.16 NR V2X discussion, it was a common understanding that the combination of both partial IDs will significantly reduce the ambiguity level in determining the SL transmission of interest. At least this option would be beneficial for unicast, and UE get the best reliability with the minimum power consumption.
Proposal 13: The source and destination ID carried by the 2nd SCI can be used for detecting the PSCCH of interest. Whether or not these partial ID information are sufficient for PSCCH detection needs to be further investigated.
WIS can be considered to be used for step-wise SCI decoding for power saving. One example of such WIS functionality is to use one reserved field in the 1st SCI to indicate either a vehicle type (bit=0) or a power saving type (bit=1) of a UE. If the WIS bit indicates that the target UE is a power saving UE (P-UE), then all the P-UEs that detected this 1st SCI continue to receive and decode the 2nd SCI carried by PSSCH. With the partial ID information in the 2nd SCI, the target UE can further be identified so as to continue decoding over the TB. If the WIS bit indicates that the target UE is a vehicle UE (V-UE), then P-UE can skip further decoding the 2nd SCI as the packet is not targeted for P-UE. This kind of step-wise decoding approach efficiently saves DRX-UE power consumption with using a single bit.
More power saving may be possible with the introduction of new format of the 1st SCI or the 2nd SCI. They can be designed dedicatedly for SL DRX operation so that they carry a source or destination ID. For example, if the 1st SCI carries a partial destination ID, then DRX UE doesn’t have to decode PSSCH to get the partial ID from the 2nd SCI. Even further reduction may be possible if the 1st SCI carries a full destination ID information. Without any ambiguity, DRX UE can confirm the target UE of the packet is itself, and does not have to decode PSSCH to get a full destination ID from the MAC header.
SL DRX active is extended if PSCCH indicating a new transmission is detected. It is implemented by the inactivity timer or the retransmission timer. Using the level of completeness regarding the ID information, such active time extension can be more efficiently managed. For example, if DRX UE detects PSCCH and the partial destination ID after decoding the 2nd SCI in PSSCH is same as that of UE itself, UE extends the active time by restarting the inactivity timer or the retransmission timer. Then, UE continue decoding the PSSCH and can get the full destination ID from the MAC header. If the full destination ID is still same as that of UE itself, UE can continue TB decoding. But if the full destination ID is not same as that of UE itself, it means the TB is not targeted to the UE, and the UE can cancel the active time extension. By doing this, UE can save power to be used for wake-up during unnecessary extended active time. An alternative way is to shift the extended active time so as to skip the transmissions related to the current PSCCH/PSSCH transmission.
Observation 2: Whether a full or a partial ID information may be used for efficient handling of the active time extension.
2.8 Congestion control under SL DRX
If DRX UE can transmit only during the SL DRX active time, it may cause severe channel congestion issue because the active time may be limited to a relatively short duration (e.g. just same as ON duration in worst case). So, congestion control mechanism may be considered for SL DRX operation.
Basically the CBR measured during the past active time duration can be used, or (pre-)configured CBR value can be used considering the limited degree of freedom in SL resource selection under SL DRX operation. Or the CBR measured during the UE-common or the service/LCH-common ON duration (COD) can be weighted with a high degree for overall CBR measurement. Another way of avoiding heavy congestion on (pre-)configured ON duration is to shift the position of ON duration/SL DRX cycle or extend the ON duration. For example, WIS discussed in Section 2.6 can be used for signaling such shift or extension operation.
Proposal 14: An improved mechanism for congestion control in SL DRX active time may be considered.
2.9 Interference due to SL DRX
When UL and SL transmission occur in a shared carrier, SL DRX operation may cause some level of interference to Uu link operation. The interference is generated by the creation and the termination of the SL transmission according to the SL DRX cycle. In RAN4 discussion, this kind of interference due to RF on and off may be problematic even for the inter-band case [3][4].
Considering the Uu link interference caused by SL RF on and off, as described above, it would be better not to configure the active and the inactive time switching so frequently. That is, the short gap between the active and the inactive time of SL DRX cycle may cause unnecessary interference to Uu link communication. To avoid such interference, if the gap is expected to be too short, it would be better to maintain the active time duration once activated until the next active time duration coming shortly, to minimize such interference.
Proposal 15: Interference to Uu link communication due to SL RF on and off needs to be considered in configuring or managing the active and the inactive time of SL DRX cycle.
2.10 UL and SL TX/RX overlap issue
If the active time durations of Uu link DRX and SL DRX cycles overlap in either partial or full portion, there could be collision between UL TX and SL TX/RX within the overlapping duration. For the collision between UL TX and SL TX, and between UL TX and SL RX, a similar dropping rule used in NR V2X may be reused. That is, depending on the priority related to each transmission, one of the transmissions is dropped. The priority may be that of layer-1 or logical channel priority of the packet related to the transmission.
Another possibility may be that network can configure what link of transmission is prioritized. Considering less opportunity for SL DRX UE transmission because of the limited active time duration, one option may be always prioritize the SL transmission. As an alternative, there could be some exceptional cases for UL transmission so that if the priority related to the UL transmission is above the (pre-)configured priority level, UL transmission is protected against the SL transmission.
Proposal 16: If the active time durations of Uu link DRX and SL DRX cycles overlap, a rule to prioritize one of the UL and SL transmissions/receptions needs to be considered.
2.11 Overall direction on RAN1 discussion about SL DRX impact
From the Rel.17 SL enhancement WID, the SL DRX is identified as RAN2 work scope. Though we’re discussing the possible impact on RAN1 due to SL DRX operation, it’s apparent that the order of discussion should be such as below.
1) RAN2 discusses and makes decision on the SL DRX operation.
2) RAN1 identifies whether the RAN2 decision has impact or not on the RAN1-related operation.
3) If the RAN2 decision is identified as having an impact, RAN1 starts discussion to develop a solution to the impact.
Proposal 17: RAN1 discussion on the sidelink DRX impact should start after RAN2 made a relevant agreement on a certain DRX operation and RAN1 identified the RAN1 impact due to the RAN2 agreement.
3. Conclusion
This contribution discussed a possible impact on RAN1 by sidelink DRX operation, which can be summarized as follows.
Proposal 1: As a common anchor time duration for communication among SL DRX UEs, a UE-common or a service/LCH-common SL DRX ON duration can be considered in SL DRX configuration.
Proposal 2: Given (pre-)configuration on SL DRX cycle, SL DRX active or inactive time duration can be handled as follows:
Opt 1. Timer value is adjusted based on the resource reservation information signaled in PSCCH.
Opt 2. Timer value is unchanged, but its running is stopped based on SL HARQ ACK transmission.
Proposal 3: SL DRX cycle related timer value can be in unit of SL logical slot, which ensures the constant number of SL logical slots belonging to a certain timer.
Proposal 4: SL DRX cycle configuration information can be considered as one of the assistance information for inter-UE coordination.
Proposal 5: Two options on the time duration allowed for SL DRX UE’s transmission can be considered.
Opt 1. SL DRX UE can transmit a signal only during the active time.
Opt 2. SL DRX UE can transmit a signal during the inactive time as well as the active time.
Observation 1: SL DRX procedure can be further improved to handle SL transmission and the aperiodic traffic.
Proposal 6: For power saving of the UE operating on a shared carrier, some level of overlapping between the Uu link DRX active time and the SL DRX active time can be considered. If two kinds of active time overlap each other, the SL DCI can be scheduled to be transmitted on the overlapping time duration. 
Proposal 7: Two options can be considered for channel sensing duration in mode-2 resource allocation.
	Opt 1. Chanel sensing is allowed only during the active time.
	Opt 2. Channel sensing is allowed during the inactive time as well as the active time.
Proposal 8: Two options can be considered for resource selection duration in mode-2 resource allocation.
	Opt 1. Resource selection is allowed only during the active time.
	Opt 2. Resource selection is allowed during the inactive time as well as the active time.
Proposal 9: The initial transmission of a TB can be made during ON duration, and additional retransmission during the extended active time.
Proposal 10: There are three options that can be considered for partial sensing under SL DRX operation.
	Opt 1. Partial sensing is allowed only during the active time.
	Opt 2. Partial sensing is allowed during the inactive time as well as the active time.
Opt 3. Partial during the inactive and the normal sensing during the active time.
Proposal 11: Wakeup indication signal (WIS) can be considered for dynamic handling of SL DRX cycle. There are three possible usages of WIS in SL DRX operation.
	Opt 1. WIS activates or deactivates (pre-)configured SL DRX cycle or ON duration.
	Opt 2. SL DRX cycle is dynamically created or terminated as indicated by WIS.
Opt 3. WIS is used to trigger SL DRX active time extension.
Proposal 12: PSCCH can be considered to be used for wakeup indication signal (WIS) in SL DRX operation.
Proposal 13: The source and destination ID carried by the 2nd SCI can be used for detecting the PSCCH of interest. Whether or not these partial ID information are sufficient for PSCCH detection needs to be further investigated.
Observation 2: Whether a full or a partial ID information may be used for efficient handling of the active time extension.
Proposal 14: An improved mechanism for congestion control in SL DRX active time may be considered.
Proposal 15: Interference to Uu link communication due to SL RF on and off needs to be considered in configuring or managing the active and the inactive time of SL DRX cycle.
Proposal 16: If the active time durations of Uu link DRX and SL DRX cycles overlap, a rule to prioritize one of the UL and SL transmissions/receptions needs to be considered.
Proposal 17: RAN1 discussion on the sidelink DRX impact should start after RAN2 made a relevant agreement on a certain DRX operation and RAN1 identified the RAN1 impact due to the RAN2 agreement.
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