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1	Introduction
One of the objectives mentioned in the WID for sidelink in Rel-17 [1] is to enhance the power saving mechanism for UEs operating using sidelink. During Rel-16, the main target of the technical specification work was to establish the basic functionality of NR sidelink without focusing on solutions to reduce the power consumption of the UEs. Therefore, Rel-16 NR sidelink is designed based on the assumption of an “always-on” mechanism when UEs operate using sidelink and this generates a considerable power consumption.
In this contribution, solutions to reduce the power consumption of UEs operating using sidelink are proposed within the scope of resource allocation techniques. These are especially relevant for the use case of public safety and pedestrian UEs in case of V2X scenarios, where UEs have limited battery capacity and, therefore, must operate efficiently. 
[bookmark: _Toc54349340]Power saving mechanisms are particularly relevant for public safety UEs and pedestrian UEs due to their limited battery capacity.
In the remainder of this contribution the definition of partial sensing mechanism and its relationship with SL DRX procedure is presented along with the proposed partial sensing mechanism to reduce the power consumption of the UEs and adjusted for NR SL transmissions. Moreover, the coexistence of UEs with different resource allocation mechanisms within the same resource pool is discussed.
2	Description
As indicated in the WID for sidelink enhancements [1], one of the main motivations is to reduce the power consumption of the UEs during sidelink operation. Therefore, one of the objectives is to introduce partial sensing for mode-2 sidelink operation in NR. This mechanism was already specified during LTE Rel-14 for pedestrian UEs (P-UEs) [2]. Using this mechanism only a sub-set of subframes is monitored/sensed during the sensing window, i.e., 1sec in LTE, which leads to a power consumption reduction due to the shorter time duration of the sensing mechanism. In this way, partial sensing allows for reducing power consumption at the expense of an increase in resource collision probability. Under the basic LTE assumption that periodic reservations are used by all UEs, the increase in resource collision probability is due to the reduced selection window compare to the one used in full sensing.
[bookmark: _Toc54349341]Partial sensing allows for reduced power consumption at the expense of an increased resource collision probability.
2.1	Clarifications on partial sensing definition
It is important to clarify upfront that when partial sensing is used, the savings essentially come from not using the RX chain i.e. the UE is able to turn off the RX circuitry and do not decode any of the sidelink channels. In previous RAN1 contributions, some companies have expressed the view that the power savings from partial sensing mechanism comes from saving the sensing computations. In our view, the energy cost of performing the sensing operation once UE has decoded the control information is negligible. That is, if the RX chain is active, the energy saving obtained by not executing the sensing operations is nominal.
[bookmark: _Toc54349350]RAN1 assumes that the energy saving in partial sensing comes from the possibility of turning off the RX chain during the time periods when the UE is not sensing.
Furthermore, in LTE, the assumption for partial sensing mechanism was that the pedestrian UEs would act only as transmitters. RAN1 did not specify mechanisms for aligning TX and RX behaviour for partial sensing other than pool configuration. The alignment issue was solved with the implicit assumption that RX UEs would perform full sensing and monitor the channel continuously. 
[bookmark: _Toc54349342]LTE partial sensing mechanism is based on the assumption that the receiver UE is always listening/receiving, and TX/RX alignment is not specified. 
However, in NR, the assumption on RX UE(s) sensing and monitoring the channel continuously may not be valid in all scenarios. Therefore, it is important to assume that RX UE(s) may not be active all the time i.e. RX UE(s) may not monitor the channel continuously. 
[bookmark: _Toc54349351]In NR, it is assumed that the RX UE(s) may not monitor the channel continuously. 
Hence, it is important to clarify the differences and relationship of the partial sensing mechanism to be specified in RAN1 and the SL DRX configuration which is specified in RAN2. In our view, both mechanisms should be defined in a complementary manner, i.e., they need to be aligned in order to optimize the savings on SL UE power consumption. Based on this alignment between the partial sensing and the SL DRX configuration, in our view, the resource allocation mechanism defined in RAN1 for partial sensing does not provide a separate Tx/Rx alignment. In other words, the Tx/Rx alignment is achieved by using the DRX alignment procedure which is also one of the objectives of the DRX procedure to be specified. 
[bookmark: _Toc54349352]No separate TX/RX alignment procedure is specified in RAN1 for partial sensing. 
As a consequence of the above proposal, when SL DRX is (pre-)configured, the (partial) sensing performed by the UEs is only available during the active time defined by the SL DRX configuration. Similarly, the resource selection window, i.e., the mechanism where a UE selects the resource for the next transmission(s), should also be restricted to the active time periods defined by the SL DRX configuration.
[bookmark: _Toc54349353]The (partial) sensing operation and the resource selection performed by a UE takes into account the active time defined by SL DRX configuration, if (pre-)configured.
More details related to the relationship between SL DRX and the partial sensing mechanism are included in our companion contribution [3].
2.2	Description of the solution
One of the main differences of NR SL as compared to LTE SL is that NR SL is designed considering both periodic and aperiodic traffic types; whereas LTE SL was only focusing on traffic of periodic nature. In our view, considering aperiodic traffic, which is a common traffic type for advanced V2X use cases and many public safety use cases, demands some procedural differences as compared to the LTE partial sensing mechanism. For instance, in LTE, an RRC parameter gapCandidateSensing [4] is (pre-)configured which is then used to determine the subframe indices assuming the periodic nature of traffic (multiple of 100ms).
[bookmark: _Toc54349343]Partial sensing mechanism specified for LTE Rel-14 is optimized for periodic traffic type only.
2.2.1	Definition of partial sensing window
As described above, the partial sensing procedure in NR SL should be specified considering also aperiodic traffic. This means that it is not optimum to (pre-)configure the sensing occasions within the sensing window assuming certain periodicity as it was done in LTE SL. Furthermore, in NR SL possible periodicities are also much more in number and shorter as compared to LTE (e.g. 1:99, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 in milliseconds). Therefore, it is not possible to define a partial sensing procedure similar to LTE SL which takes into account all the possible periodicities of NR.
[bookmark: _Toc54349344]The partial sensing procedure in LTE SL is not suitable for traffic types/patterns considered for NR SL. 
Before going into details of partial sensing procedure, it is important to first clarify the definition of partial sensing window in NR SL as compared to the normal sensing window which is defined in Rel. 16 and LTE partial sensing procedure. According to Rel. 16 sensing procedure, the length of sensing window can be (pre-)configured with a value of 100ms or 1100ms. In our view, when a partial sensing is (pre-)configured for a resource pool, a UE can perform reduced sensing i.e. at limited sensing occasions. However, in contrast to LTE where the sensing occasions are determined considering the periodic nature of the traffic i.e., periodically repeating with the step of 100ms, NR should determine the sensing occasions focusing on the aperiodic nature of the traffic. This means that a number of consecutive sensing occasions (which we also call as partial sensing window in the Figure 2 below) needs to be defined whose length can be smaller than normal sensing window and the UE triggers the sensing procedure for aperiodic traffic after the packet arrival.
[bookmark: _Toc54349354]The partial sensing procedure supports that a UE starts sensing after the packet arrival.
[bookmark: _Toc54349355]A number of consecutive sensing occasions are defined as partial sensing window which is smaller than normal sensing window.
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Figure 1: Partial sensing following LTE behavior
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Figure 2: Partial sensing for NR (considering aperiodic nature of traffic)

To exemplify the (pre-)configuration of 'partial sensing window', it could be that partial sensing window duration is defined as to be [n,  n+T4), where the  T4 value is chosen by UE within a certain range and the minimum value of T4 can be (pre-)configured to be zero logical slots (i.e. no sensing is performed). Furthermore, in our view, the exact value of T4 can be adapted to optimize the performance of partial sensing as described in Section 2.1.2. below. However, the maximum possible value of T4 is limited by the PDB of the packet. In other words, T4 value is always less than T2 value. Furthermore, periodic sensing occasions as shown in Figure 1 can be used in NR SL on top of procedure described in Figure 2 for aperiodic traffic.
[bookmark: _Toc54349345]Periodic sensing occasions similar to LTE procedure can be applied on top of partial sensing procedure for aperiodic traffic as described in Proposal 5 and Proposal 6.
2.1.2		Adaptive Partial Sensing Mechanism for NR SL
Since the purpose of sensing is to collect the channel occupancy information and perform resource allocation with the aim of minimizing resource collision, it is important to find the right balance between channel access latency and reliability which may be affected due to lesser sensing information.
[bookmark: _Toc54349346]The partial sensing mechanism should be designed to consider the trade-off between channel access latency and collision error probability of the data transmission. 
Sensing in a congested scenario plays a quite significant role in reducing the collision probabilities and improving the system performance. Therefore, longer sensing should be performed in such scenarios. Whereas in scenarios with low congestion, reduced sensing can prove to be helpful in reducing the power consumption. Given that the congestion level of the system may not remain constant, we propose to have an adaptive partial sensing window which does not need to remain constant throughout the entire operation and can be optimized with respect to the network or system conditions. In this way, performance can be significantly improved for partial sensing. 
[bookmark: _Toc47012733][bookmark: _Toc54349356]NR SL supports partial sensing based on adaptive sensing window.
In this regard, we believe that functionalities supported by NR SL for unicast and groupcast transmissions, such as HARQ feedback i.e., ACK and/or NACK, can be an efficient tool to adapt the partial sensing window according to the system/link conditions. 
[bookmark: _Toc54349347]HARQ feedback functionality of NR for unicast and groupcast transmissions is an efficient tool for adapting the partial sensing window according to the system conditions. 
One example of the adaptive sensing window for partial sensing is given in Figure 3, for low and high load scenarios.

[image: ]
Figure 3: Adaptive sensing window procedure for low and high load scenarios.
In the case given in Figure 3, both UEs may start sensing using a short sensing window (or no-sensing at all) which in the case of the high load scenario leads to a collision and the reception of a HARQ NACK in case of feedback-based transmissions. In response, the sensing window for the high load scenario UE will be increased for the following (re-)transmissions in order to increase the probability of successful transmission. On the other hand, the low load UE was successful, and the sensing window is not increased.
[bookmark: _Toc54349357]The minimum duration of partial sensing window in NR is (pre-)configured (which can be zero slot) and is used initially by the partial sensing UEs. 
As indicated in the example scenario, the UE modifies the sensing window based on the previous (re-)transmissions and the sensing window can be decreased down to a (pre-)configured minimum value or increase up to a value which is bounded by the PDB of the packet.  
[bookmark: _Toc54349358]The sensing window of a UE performing partial sensing is adapted based on previous HARQ feedback (ACK or NACK) and can be increased if NACK is received or reduced if ACK is received.
One of the main objectives of the proposed adaptive sensing window is to have a mechanism which re-uses the previously defined mechanisms of Rel-16 reducing the specification impact, while addressing the shifting/fluctuating trade-off between the power consumption and the reliability of the communications. In this case, using the HARQ feedback mechanism to modify the sensing window, the adaptation of the power consumption and the potential collisions can be done in a low latency manner since it is a PHY layer procedure and based on the actual UE performance.   
[bookmark: _Toc54349348]Adapting the partial sensing window by using HARQ feedback allows adjustments according to the actual channel conditions and optimize power consumption of the UE. Moreover, the impact on specification is minor due to re-using existing mechanisms.
[bookmark: _Toc40438595][bookmark: _Toc40350319][bookmark: _Toc40350341]3	Coexistence with full sensing and randomly selecting UEs
In LTE, for each transmission pool, resource selection mechanism (i.e., random selection, partial sensing-based selection, either random selection or partial sensing-based selection), which is allowed to be used in this pool, is (pre-)configured. In case if a UE is (pre-)configured with two resource selection mechanism (i.e. either random selection or partial sensing-based selection) in a transmission resource pool, it is up to UE to select one of the (pre-)configured resource selection mechanisms. 
[bookmark: _Toc54349349]LTE allows for deploying UEs with different resource allocation mechanisms in the same resource pool. However, LTE does not implement any mechanism to facilitate the coexistence between them.
However, it is also possible by (pre-)configuration that only one resource selection mechanism is allowed in a transmission resource pool. In our view, such restrictions by (pre-)configuration should also be possible in NR SL to allow better coexistence with better system performance. Therefore, it is required to introduce a parameter in the resource pool (pre-)configuration to indicate which of the resource selection mechanisms is supported within the configured resource pool. 
[bookmark: _Toc47706100][bookmark: _Toc54349359]Like LTE, NR SL supports restricting the resource mechanism that can be used in a given transmission resource pool. Details up to RAN2.
Although, we support restricting the resource selection mechanisms in a transmission resource pool, we believe that it is also important to allow different resource selection mechanisms in a transmission resource pool. In other words, a transmission resource pool is shared among UEs performing different resource selection mechanisms (i.e. full sensing, partial sensing or random selection). 
[bookmark: _Toc54349360]Shared resource pool, where different resource selection mechanisms (i.e. based on full sensing, partial sensing or no sensing) can coexist, are supported in NR SL.
Furthermore, in our view, it is important to control the degradation of the system performance, e.g., an increased number of collisions, when UEs with different sensing capabilities are within the same resource pool. For example, random selection mechanism is intended for UEs without the SL reception capability and the blind selection of resources may lead to collisions and degraded system performance. Similarly, the partial sensing UEs may not get the full channel occupancy information and also result in degraded system performance. In order to achieve a proper operation within a shared resource pool, we propose to define a set of restrictions to the different SL UEs in a shared resource pools for transmitting in specific resources in order to avoid/minimize collisions with peer UEs. 
[bookmark: _Toc54349361]Introduce restrictions to the resource to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist in a shared resource pool.
  
[bookmark: _Toc46180190][bookmark: _Toc46180211][bookmark: _Toc46180191][bookmark: _Toc46180212][bookmark: _Toc46180192][bookmark: _Toc46180213]4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Power saving mechanisms are particularly relevant for public safety UEs and pedestrian UEs due to their limited battery capacity.
Observation 2	Partial sensing allows for reduced power consumption at the expense of an increased resource collision probability.
Observation 3	LTE partial sensing mechanism is based on the assumption that the receiver UE is always listening/receiving, and TX/RX alignment is not specified.
Observation 4	Partial sensing mechanism specified for LTE Rel-14 is optimized for periodic traffic type only.
Observation 5	The partial sensing procedure in LTE SL is not suitable for traffic types/patterns considered for NR SL.
Observation 6	Periodic sensing occasions similar to LTE procedure can be applied on top of partial sensing procedure for aperiodic traffic as described in Proposal 5 and Proposal 6.
Observation 7	The partial sensing mechanism should be designed to consider the trade-off between channel access latency and collision error probability of the data transmission.
Observation 8	HARQ feedback functionality of NR for unicast and groupcast transmissions is an efficient tool for adapting the partial sensing window according to the system conditions.
Observation 9	Adapting the partial sensing window by using HARQ feedback allows adjustments according to the actual channel conditions and optimize power consumption of the UE. Moreover, the impact on specification is minor due to re-using existing mechanisms.
Observation 10	LTE allows for deploying UEs with different resource allocation mechanisms in the same resource pool. However, LTE does not implement any mechanism to facilitate the coexistence between them.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 assumes that the energy saving in partial sensing comes from the possibility of turning off the RX chain during the time periods when the UE is not sensing.
Proposal 2	In NR, it is assumed that the RX UE(s) may not monitor the channel continuously.
Proposal 3	No separate TX/RX alignment procedure is specified in RAN1 for partial sensing.
Proposal 4	The (partial) sensing operation and the resource selection performed by a UE takes into account the active time defined by SL DRX configuration, if (pre-)configured.
Proposal 5	The partial sensing procedure supports that a UE starts sensing after the packet arrival.
Proposal 6	A number of consecutive sensing occasions are defined as partial sensing window which is smaller than normal sensing window.
Proposal 7	NR SL supports partial sensing based on adaptive sensing window.
Proposal 8	The minimum duration of partial sensing window in NR is (pre-)configured (which can be zero slot) and is used initially by the partial sensing UEs.
Proposal 9	The sensing window of a UE performing partial sensing is adapted based on previous HARQ feedback (ACK or NACK) and can be increased if NACK is received or reduced if ACK is received.
Proposal 10	Like LTE, NR SL supports restricting the resource mechanism that can be used in a given transmission resource pool. Details up to RAN2.
Proposal 11	Shared resource pool, where different resource selection mechanisms (i.e. based on full sensing, partial sensing or no sensing) can coexist, are supported in NR SL.
Proposal 12	Introduce restrictions to the resource to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist in a shared resource pool.
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