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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 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: _Toc47701626]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 two mechanisms – partial sensing and random resource selection – adopted to reduce the power consumption of the UEs with respect to NR resource allocation procedures are discussed.In the remainder of this contribution two mechanisms – partial sensing and random resource selection – adopted to reduce the power consumption of the UEs with respect to NR SL resource allocation procedures are discussed.
2	Partial Sensing Mechanism
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. The increase in resource collision probability is due to the fact that the UE is not able to collect the complete channel occupancy information due to the reduced sensing time. 
[bookmark: _Toc47701627]Partial sensing allows for reduced power consumption at the expense of an increased resource collision probability.
As a starting point, we propose to adopt the framework defined in Rel-14 for LTE partial sensing for NR sidelink as well. However, we observe some significant difference in NR SL functionalities which are important to be considered while specifying the partial sensing procedure.
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 LTE partial sensing mechanism. For instance, in LTE, an RRC parameter gapCandidateSensing [3] is (pre-)configured which is then used to determine the subframe indices assuming the periodic nature of traffic (multiple of 100ms).
[bookmark: _Toc47701628]Partial sensing mechanism specified for LTE Rel-14 is optimized for periodic traffic type only.
Furthermore, LTE SL only supports broadcast transmissions; whereas NR SL supports unicast and groupcast transmissions. In our view, many specified functionalities for unicast and groupcast (e.g. HARQ feedback) can be exploited to improve the performance of partial sensing. As explained earlier, reduced sensing window may result in significant increase in collision probability which is also not desirable for many critical use cases like public safety. Hence, an optimum balance is necessary between power consumption and reliability performance. 
[bookmark: _Toc47701629]Physical layer functionalities specified for unicast and groupcast transmissions in NR SL (e.g. HARQ feedback) can be utilized to improve partial sensing performance. 
Similarly, re-evaluation and pre-emption are two effective enhancements specified for NR SL which result in improved performance for mode-2 resource allocation. In our view, re-evaluation and pre-emption techniques should be directly inherited from Rel-16 mode-2 and used even in case of partial sensing procedure. This is because re-evaluation and pre-emption help reducing the collision and thereof reliability without considerable cost on power consumption. However, the re-evaluation and pre-emption procedure needs to be discussed with respect to partial sensing. In our view, re-evaluation and pre-emption should also be based only on the measurements based on partial sensing (or reduced sensing) to exploit the benefit of partial sensing as well as re-evaluation/pre-emption mechanisms. 
[bookmark: _Toc47701630]Re-evaluation and pre-emption result in improved reliability without significant cost on power consumption.
2.1	Description of the solution
In the following, improvements and modifications to the partial sensing mechanism described in LTE Rel-14 are proposed in order to make use of the added functionalities included into NR SL.
2.1.1	Definition of partial sensing window
As described above, partial sensing procedure in NR SL should be specified considering also aperiodic nature of 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: _Toc47701631]The partial sensing procedure in LTE SL is not suitable for traffic types/patterns considered for NR SL. 
Hence, 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. 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 minimum number of consecutive sensing occasions (which we also call as partial sensing window in the Figure 2 below) needs to be (pre-)configured whose length can be 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)
[bookmark: _GoBack]To exemplify the (pre-)configuration of 'partial sensing window', it could be that partial sensing window duration is defined as  to  be  [n-T4,  n-Tproc,o), where the  T4 value is chosen by UE with a certain range and the minimum value of T4 is (pre-)configured to be 32 logical slots. This is because according to Rel. 16 procedure, SCI can indicate reservation up to 32 slots. 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. Furthermore, whether periodic sensing occasions as  shown in  Figure 1  are  used  in  NR  SL should  be  further  studied  and  only  allowed if justified. 
Based on the description above, we propose the following:
[bookmark: _Toc47701049]The minimum duration of partial sensing window in NR should be (pre-)configured which can be smaller than sensing window allowed in Rel-16. 
2.1.2	Adaptive partial sensing procedure
In LTE, the UE performs sensing on a periodically recurring subset of subframes. The minimum number of subframes to be sensed is pre-configured but the subframes themselves are determined by the UE. Such procedure works well in LTE because the resource allocations are usually periodic and the supported periodicities are 20ms, 50ms, and multiples of 100 ms. However, as explained above, NR SL includes many different periodicities in addition to aperiodic traffic.
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 the improved power consumption using partial sensing and reduced reliability due to lesser sensing information. Sensing in a congested scenario plays a quite significant role in reducing the collision probabilities and improving the system performance. Therefore, an extensive sensing should be performed in such scenarios. Whereas in scenarios with low congestion, reduced/partial sensing can prove to be helpful in reducing the power consumption and hence, enhancing the battery lifetime of the UE. Given that the congestion level of the system may not remain constant, we propose to have an adaptive 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 as well. 
[bookmark: _Toc47012733][bookmark: _Toc47701050]NR SL supports partial sensing based on adaptive sensing window.
In this regard, in addition to the system load or conditions, 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 conditions. For example, a smaller sensing window may result in higher collision probability which lead to HARQ NACK in case of feedback-based transmissions. In response, the sensing window should be increased for the following (re-)transmissions in order to increase the probability of successful transmission. 
[bookmark: _Toc47701632]Functionalities of NR for unicast and/or groupcast transmissions are an efficient tool for adapting the partial sensing window according to the system conditions. 
[bookmark: _Toc47701051]SL HARQ feedbacks for unicast and/or groupcast transmissions are used as one of the criteria to adapt the sensing window. Other criteria are FFS. 
2.1.3	Re-evaluations and pre-emptions in partial sensing framework
As stated in previous sections, one of the main points of the WID is to reduce as much as possible the power consumption of the UEs during the resource allocation operation. Nevertheless, in our view the mechanisms that should still be performed even in power saving mode, i.e., partial sensing mechanism, are re-evaluation and pre-emption. The idea behind preserving these mechanisms is that they are key to have an appropriate performance in the system, i.e., in terms of probability of collisions for the UEs and to ensure that high priority transmissions are delivered.
[bookmark: _Toc47012734][bookmark: _Toc47701052]While operating in partial sensing mode, the UE performs re-evaluation and pre-emption mechanisms. Details, including which sensing results, are FFS. 
[bookmark: _Toc40438595][bookmark: _Toc40350319][bookmark: _Toc40350341]3	Random Resource Selection Mechanism
In the random resource selection mechanism, a UE selects resources randomly for transmission during its resource selection phase without a previous sensing phase or (re-)evaluation phase. As indicated by the WID, we propose to use as starting point the LTE Rel-14 random resource selection mechanism [2].
[bookmark: _Toc47012735][bookmark: _Toc47701053]The random resource selection mechanism uses as baseline the LTE Rel-14 functionality.
This mechanism is intended for UEs with SL transmission capability only or for “super-low” power consumption where there is only power available for transmission. Therefore, without the SL reception capability none of the techniques developed from Rel-16 to identify occupied SL resources can be used, such as sensing or re-evaluation/pre-emption. Additionally, it is not possible to receive assistance information or inter-UE coordination messages from other UE(s) since there is no reception capability.
[bookmark: _Toc47701633]For UEs performing random resource selection re-evaluation and pre-emption mechanisms are not viable. Additionally, a resource coordination message cannot be received due to the lack of SL reception capability.
Moreover, it is important to control the degradation of the system performance when random resource selection UEs are in the system, specially whenever they are in a shared resource pool with other UEs with different capabilities. Further details on coexistence within a shared resource pool are given in our companion contribution [4].
[bookmark: _Toc47012736][bookmark: _Toc47701054]Rules to control the degradation of the system when random resource selection UEs coexist with other UEs in shared resource pool are FFS.
[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	Partial sensing mechanism specified for LTE Rel-14 is optimized for periodic traffic type only.
Observation 4	Physical layer functionalities specified for unicast and groupcast transmissions in NR SL (e.g. HARQ feedback) can be utilized to improve partial sensing performance. 
Observation 5	Re-evaluation and pre-emption result in improved reliability without significant cost on power consumption.
Observation 6	The partial sensing procedure in LTE SL is not suitable for traffic types/patterns considered for NR SL. 
Observation 7	Functionalities of NR for unicast and/or groupcast transmissions are an efficient tool for adapting the partial sensing window according to the system conditions. 
Observation 8	For UEs performing random resource selection re-evaluation and pre-emption mechanisms are not viable. Additionally, a resource coordination message cannot be received due to the lack of SL reception capability.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The minimum duration of partial sensing window in NR should be (pre-)configured which can be smaller than sensing window allowed in Rel-16.
Proposal 2	NR SL supports partial sensing based on adaptive sensing window.
Proposal 3	SL HARQ feedbacks for unicast and/or groupcast transmissions are used as one of the criteria to adapt the sensing window. Other criteria are FFS.
Proposal 4	While operating in partial sensing mode, the UE performs re-evaluation and pre-emption mechanisms. Details, including which sensing results, are FFS. 
Proposal 5	The random resource selection mechanism uses as baseline the LTE Rel-14 functionality.
Proposal 6	Rules to control the degradation of the system when random resource selection UEs coexist with other UEs in shared resource pool are FFS.
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