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1	Introduction
In this paper, we discuss the power saving mechanisms for NR SL, i.e., partial sensing and random resource selection. Moreover, the relationship of partial sensing mechanism and SL DRX procedure is presented along with the potential impact from RAN1 perspective. To finalize, restrictions and conditions for the coexistence of UEs with different resource allocation mechanisms within a shared resource pool are discussed.
2	SL reception capability for Type A UEs 
In the last meeting RAN1#103-e, it was concluded to define a type of UE – for evaluation and designing of the SL power saving features – which is not capable of receiving any SL signaling. However, whether such UE can receive PSFCH and S-SSB is still FFS.Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 

In our view, this type of UE, i.e., UE Type A as defined in the last RAN1 meeting, should be able to receive PSFCH and S-SSB for the following reasons:
· S-SSB reception is required to obtain a common synchronization reference among the different UEs whenever some of them do not have access to the highest-priority synchronization reference. Therefore, every UE communicating by using SL should be able to receive it. Without a common synchronization reference signal for all UEs, which is transmitted and spread by means of the S-SSB, the SL communication does not work.
· PSFCH reception is required to obtain a high degree of reliability, since it contains at least the HARQ feedback, and therefore, it is important that a UE involved in SL communication can achieve this level of communication reliability by receiving HARQ feedback, especially for some use cases such as public safety.
· PSFCH has a deterministic location within the resource pool. Blind decoding is not required, which is important aspect for UEs with reduced power capabilities as the defined Type A UEs.

[bookmark: _Toc61884019]Type A UEs support PSFCH and S-SSB reception in order to achieve the requirements on synchronization and reliability for SL communications.
3	Enhancements to power saving resource allocation schemes
In last meeting RAN1#103-e, it was agreed to support two different resource allocation schemes for power saving in SL: partial sensing and random resource selection, as shown in the following agreement:Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection

Details for both procedures were left without discussion/conclusion and need to be clarified, therefore, we propose the following procedures.
3.1	Partial sensing scheme
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. For instance, in LTE, an RRC parameter gapCandidateSensing [1] is (pre-)configured which is then used to determine the subframe indices assuming the periodic nature of traffic (multiple of 100ms). 
In our view, considering aperiodic traffic, which is a common traffic type for advanced V2X use cases and many public safety use cases, demands new functionality compared to the LTE partial sensing mechanism. 
[bookmark: _Toc61884038]Partial sensing mechanism specified for LTE Rel-14 is optimized for periodic traffic type only.
[bookmark: _Toc61884020]In addition to periodic traffic type, the NR partial sensing mechanism takes into account the aperiodic nature of traffic. 
3.1.1	Definition of partial sensing window
Before getting into details of the partial sensing procedure, it is important to clarify the definition of the partial sensing window in NR SL and highlight the differences with respect to the normal sensing window, which is defined in Rel. 16, and with respect to the LTE partial sensing window. 
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 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. We define a partial sensing window as a number of consecutive sensing occasions (see Figure 2). The partial sensing window is shorter than a normal sensing window. 
[bookmark: _Toc61884021]A partial sensing window is defined as number of consecutive slots in which the UE performs sensing. The length of a partial sensing window is smaller than that of the sensing window defined in Rel-16.
In addition, we think that to save UE power it is necessary to allow UEs to start sensing after receiving a packet arrival.
[bookmark: _Toc61884022]The partial sensing procedure supports that a UE starts sensing after the packet arrival.
To exemplify the (pre-)configuration of 'partial sensing window' (shown in Figure 2), 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 and also by the signaling capabilities of the SCI (32 slots for aperiodic signaling). In other words, T4 value is always less than  . 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: _Toc61884039]Periodic sensing occasions similar to LTE procedure can be applied on top of partial sensing procedure for aperiodic traffic as described in Proposal 3 and Proposal 4.
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Figure 2: Partial sensing for NR (considering aperiodic nature of traffic)

3.1.2		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: _Toc61884040]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. In contrast, in scenarios with low congestion, reduced sensing can prove to be helpful in reducing the power consumption without affecting significantly the collision probability. That is, it is reasonable to use longer sensing times when the chances of collision are higher and reduced ones when the chances are lower. Thanks to HARQ feedback, the UE can have very accurate information about the likelihood of collision for its own transmissions. In our view, HARQ feedback should be used for adjusting the duration of sensing. HARQ feedback is already implemented in Rel-16, and therefore, it is simple to re-use the mechanism for this purpose with a small specification impact.  Another advantage of using HARQ feedback to adjust the transmission parameters is that, as defined in RAN1#103-e meeting agreements some UEs cannot perform sensing operations (i.e., Type A UEs), but they can receive the HARQ feedback signaling included in PSFCH.
[bookmark: _Toc61884023]NR SL supports partial sensing based on adaptive sensing window using HARQ feedback.
[bookmark: _Toc61884041]Using HARQ feedback to adjust the transmission/resource allocation parameters is a unified solution which works for every UE, i.e., for Type A UE that can receive limited sidelink signaling and for Type D UE which can receive all sidelink signals. 
One example of the adaptive sensing window for partial sensing using HARQ feedback 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: _Toc61884024]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 increased up to a maximum predetermined value (i.e., ) value which is bounded by the PDB of the packet.  
[bookmark: _Toc61884025]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.
In the following section, we present a numerical evaluation showing the power saving gains and the performance for this adaptive sensing scheme. 
3.1.3		Numerical Evaluation
[bookmark: _Toc61429398][bookmark: _Toc61430721][bookmark: _Toc61433522][bookmark: _Toc61433549][bookmark: _Toc61433570][bookmark: _Toc61433586][bookmark: _Toc61433605][bookmark: _Toc61433622][bookmark: _Toc61527538][bookmark: _Toc61557493][bookmark: _Toc61561077][bookmark: _Toc61561111]To understand the relative merits of the different partial sensing procedures, we have analyzed the following alternatives:
· S1 – ‘Full Sensing’. The UE is sensing all the time, following the Rel-16 procedure.
· S2 – ‘Partial Sensing with fixed initial window size’. 
· The UE starts sensing when it receives a packet and remains sensing until the end of the transmission (e.g., HARQ-ACK is received or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the UE has sensed 32 consecutive slots. 
· S3 – ‘Partial sensing with adaptive initial window size’. 
· The UE starts sensing when it receives a packet and remains sensing until the end of the transmission (e.g., HARQ-ACK is received or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the UE has sensed the required number of slots, which varies between 0, 16, and 32 slots. 
· If the packet is transmitted successfully, the UE decreases the sensing window size (e.g., 32 to 16 or 16 to 0). If the packet is not transmitted successfully, the UE increases the sensing window size (e.g., 0 to 16 or 16 to 32). 
· S4 – ‘Partial sensing with zero initial window size’. 
· The UE starts sensing when it receives a packet and until the packet is transmitted (e.g., HARQ-ACK is received or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the packet is received. That is, the initial scheduling does not use any sensing information. 
· S5 – No sensing. The UE uses random resource allocation without sensing.
Other than the variations described in the preceding bullets, all the alternatives (except ‘No Sensing’) use the Rel-16 sensing and resource allocation procedures for Mode 2. That is, if sensing results are available, they are used as mandated by the specification; re-evaluation and re-selection are used whenever appropriate; etc. Moreover, other than the variations described in the preceding bullets, the same UE implementation is used for all the alternatives (except ‘No Sensing’) in the evaluations.
We have considered two scenarios:
· Scenario 1: A mixture of ‘Full Sensing’ (S1) UEs with UEs of a (single) different type. The simulations include 135 UEs of the former type and 20 UEs of the latter type. For example, when analyzing ‘Partial Sensing with fixed initial window size’ (S2), the scenario consists of 135 ‘Full Sensing’ (S1) UEs and 20 ‘Partial Sensing with fixed initial window size’ (S2) UEs; when analyzing ‘Partial Sensing with adaptive initial window size’ (S3), the scenario consists of 135 ‘Full Sensing’ (S1) UEs and 20 ‘Partial Sensing with adaptive initial window size’ (S3) UEs, etc.
· Scenario 2: 155 UEs of a single type is used in each case.

Figure 4 shows the PRR performance of the resource allocation procedures enumerated above for Scenario 1. We observe that the PRR performance of ‘Full Sensing’ (S1) and that of ‘Partial sensing with adaptive initial window size’ (S3) is essentially identical. That is, carefully reducing the sensing window has no noticeable effects over the PRR performance. In contrast, not using sensing at all substantially degrades the PRR performance. For a given PRR, this degradation means a reduction in range of around 100 m. 
[image: ]
[bookmark: _Ref61608539][bookmark: _Ref61557485]Figure 4: PRR performance for scenarios mixing ‘Full Sensing’ UEs with UEs of a (single) different type.
Figure 5 shows the PRR performance of the resource allocation procedures enumerated above for Scenario 2. The ordering of the different schemes is as one would expect, with more sensing information resulting in better PRR performance.
[bookmark: _Toc61884042]UEs using partial sensing using adaptive sensing window have a system behavior in terms of impact and performance that is like that of full sensing UEs.
[image: ]
[bookmark: _Ref61608169]Figure 5: PRR performance for scenarios with UEs of a single type.
Figure 4 and Figure 5 do not include the PRR performance of ‘Partial Sensing with fixed initial window size’ (S2). For the PDB used in the simulations (50 ms), it is the same as for ‘Full Sensing’ (S1). As we will see shortly, the main difference is latency. Note, however, that ‘Partial Sensing with fixed initial window size’ (S2) cannot accommodate very urgent transmissions or it must do it by selecting an unnecessarily low value of T2.
[bookmark: _Toc61884043]In terms of standalone performance, partial sensing using adaptive sensing window is closest to full sensing, clearly outperforming partial sensing with zero initial window.
To understand the energy consumption of the proposed scheme, we have studied the time spent on sensing by each of the different procedures. As stated above, ‘Full sensing’ (S1) is active 100% of the time and so, we say, that its relative sensing time is 1. At the other extreme, the relative sensing time of ‘No sensing’ (S5) is 0. It is more interesting to analyze the relative sensing times of the other schemes. The distribution of their relative sensing times is presented in Figure 6. Table 1 includes the corresponding statistics. We observe that 1) the average sensing time for ‘Partial sensing with adaptive initial window size’ (S3) is almost 50% of that for ‘Partial Sensing with fixed initial window size’ S2 and 30% higher than that for ‘Partial sensing with zero initial window size’ (S4). 
[image: ]
[bookmark: _Ref61560661]Figure 6. Relative sensing time for the different sensing procedures. ‘Full Sensing’ (S1) and ‘No Sensing’ (S5) correspond to relative sensing times equal to 1 and 0, respectively.
[bookmark: _Ref61601873]Table 1. Statistics of the relative sensing time for different sensing procedures
	
	Relative sensing time statistics

	Sensing procedure
	Average
	Std. dev.

	‘Full Sensing’ (S1)
	1
	0

	‘PS with fixed initial window size’ (S2)
	0.2725
	0.0219

	‘PS with adaptive initial window size’ (S3)
	0.1523
	0.0175

	‘PS with zero initial window size’ (S4)
	0.1180
	0.0052

	‘No Sensing’ S5
	0
	0



[bookmark: _Toc61884044]The relative sensing time of partial sensing using adaptive sensing window is slightly higher than that of partial sensing using zero initial window, but substantially lower than that of partial sensing using fixed window.
Finally, we compare in Figure 7 the transmission latency of the different schemes in terms of their empirical CDFs. That is, the lapse between the arrival of the packet at the TX UE and the correct reception at each of the RX UEs. As expected, ‘Full Sensing’ (S1), ‘Partial sensing with zero initial window size’ (S4), and ‘No Sensing’ (S5) – not shown in the figure – have the lowest latency. The adaptive sensing window in ‘Partial sensing with adaptive initial window size’ results in a reduced latency for a large fraction of the transmissions. Around 90% of the packets are transmitted in less than 12 ms. Its CDF shows a distinct stepped shape, which is a product of having 3 different sensing window sizes: 0, 16, and 32 slots. Finally, ‘Partial sensing with fixed initial window size’ (S2) requires more than 16 ms (=32 slots) for all transmissions and the 90%-percentile is 24 ms. The shape of the CDF is essentially the same as that for ‘Full Sensing’ (S1) but with an offset of 16 ms (=32 slots).
[image: ]
[bookmark: _Ref61600230]Figure 7. CDF of the transmission latency for the different sensing procedures. 
[bookmark: _Toc61884045]Partial sensing with fixed sensing window is not suitable for low-latency transmissions.
In summary, there is no solution that is superior to all the other ones in all the metrics. In our view, partial sensing with adaptive sensing window is the most balanced compromise. 
[bookmark: _Toc61884046]Partial sensing with adaptive sensing window based on HARQ feedback adjusts its behaviour according to the actual channel conditions, optimizing power consumption of the UE. 

3.1.4 		On the relationship between partial sensing and DRX 
It is important to clarify upfront that when partial sensing is used, the power 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: _Toc61884026]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 behavior 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: _Toc61884047]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: _Toc61884027]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. 
[bookmark: _Toc61884048]Partial sensing and sidelink DRX are designed as complementary features.
The introduction of partial reception procedures (e.g., partial sensing or DRX) that limit the active RX time of UEs requires proper TX/RX alignment. That is, the TX UE must be aware of when the RX UE is (not) active. 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: _Toc61884028]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. We distinguish two (extreme) possibilities:
· The UE is mandated to perform sensing for a fixed time before transmitting. This means that the UE may not be able to transmit during the early portion of the Active Time period due to not having enough sensing results (see Figure 8). Alternatively, the UE could be mandated to perform sensing right before the transition to Active Time (see Error! Reference source not found.). However, this would negate part of the gains of using DRX because the battery consumption would be increased. Moreover, it is not reasonable to assume that the UE would be receiving for the purpose of sensing but at the same time be in Inactive Time.
· The UE is not mandated to perform sensing before transmitting. Although this may be acceptable in some cases, it is clearly not desirable as a rule.
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[bookmark: _Ref61879851]Figure 8. Initial sensing is within the Active Time
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[bookmark: _Ref61879872]Figure 9. Initial sensing is outside the Active Time



[bookmark: _Toc61884029]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.
We have summarized the different combinations of partial sensing and sidelink DRX in Table 2.
[bookmark: _Ref61879906]Table 2. Combinations of partial sensing and sidelink DRX
	Partial sensing
	Sidelink DRX
	Applicability and comments

	Not configured
	Not configured
	Legacy behaviour. UEs are always on (full sensing, TX/RX alignment). 

	Configured
	Not configured
	Mode-1: not relevant
Mode-2:
· No TX/RX alignment. 
· Applicable to LTE-like UCs.

	Not configured
	Configured
	Mode-1: applicable
Mode-2:
· SL DRX provides TX/RX alignment
· Rel-16 procedures are not suitable for sensing during the transition between Inactive Time and Active Time.

	Configured
	Configured
	Mode-1: not relevant
Mode-2:
· SL DRX provides TX/RX alignment
· Partial sensing provides a sensing mechanism for transition between Inactive Time and Active Time.


In this way, the combination of partial sensing and DRX defines all the necessary behaviors, without any functional overlaps. In addition, it leaves plenty of room for optimizations in the UE implementations. For example, a UE receiving a high-priority packet in its TX buffer during the Inactive Time may decide to start sensing already before switching to Active Time to improve the channel access latency and collision probability. On the other hand, for a low-priority packet it may prefer to delay sensing until switching to Active Time. In our view allowing for such behavior should be one of the design goals for the partial sensing procedure.

[bookmark: _Toc61884049]For proper operation of SL DRX, it is desirable to have a partial sensing mechanism that allows for transmission with varying number of sensing results.
3.2	Random resource selection scheme
The procedure for random selection in itself is quite simple and does not require much discussion. However, it is important to understand the impact to other UEs and consider measures to minimize performance degradation. We discuss two such measures in this section. In addition, Section 4 discusses restrictions to shared resource pools, which are also applicable for UEs performing random resource selection.
3.2.1 	Resource selection/reservation restrictions for random resource selection UEs
Since UEs with different resource allocation mechanism may need to coexist within the same resource pool (shared resource pool), some restrictions/rules need to be applied for the UEs performing random resource selection. These restrictions are in place to avoid an increase in the number of collisions due to their lack of knowledge of the free/busy resources within the resource pool since they do not/may not perform sensing operations.
[bookmark: _Toc61884050]Restrictions and rules for the choice of resources are needed for non-sensing UEs/random resource UEs when sharing the resource pool with sensing UEs, i.e., partial and full sensing UEs.
In a shared resource pool, a non-sensing UE performs random resource selection for its initial transmission and potentially reserve up to two other resources using the SCI for re-transmissions or for next transmissions. A sensing UE – full or partial sensing UE – can sense the resource(s) reserved by the non-sensing UE in the SCI of the initial transmission, and therefore, act accordingly, e.g., perform re-selection/pre-emption of its reserved resources if a collision is going to happen. However, if the separation/gap between the initial transmission by the non-sensing UE and the successive reservation(s) is not large enough for the sensing UE to decode and perform re-selection/pre-emption, the collision will happen even if the sensing UE could have potentially avoid it. 
In our view, UEs not performing sensing, e.g., UE2 as shown in Figure 10, should select/reserve consecutive resources with a separation/gap large enough so that a sensing UE, e.g., UE1 as shown in Figure 10 , is able to decode the reservation contained in a transmission, identify a potential collision with the transmission in the second resource, and trigger re-evaluation/re-selection or pre-emption.
 
[image: ]
[bookmark: _Ref61879959]Figure 10: Resource re-selection with restrictions in a shared resource pool
[bookmark: _Toc61884030]A non-sensing UE sharing a resource pool with sensing UEs shall select/reserve resources for consecutive transmissions with a separation/gap large enough so that the sensing UE can react accordingly if a collision happens, i.e., trigger resource re-evaluation/re-selection or pre-emption.
3.2.2 	Enable resource re-selection and pre-emption for Type A UEs
One of the main drawbacks of the Type A UEs is the absence of the possibility of triggering re-evaluation/pre-emption of the reserved resources since they are not capable of receiving and monitoring all SL signals. To overcome this disadvantage, we propose a mechanism to allow a Type A UE to perform re-selection/pre-emption of reserved resources based on coordination messages from peer UEs. A Type A UE may trigger re-selection or pre-emption of the reserved resources, upon receiving a resource coordination message(s) from a neighboring UE.
[bookmark: _Toc61884031]A Type A UE shall trigger re-selection/pre-emption of its selected resources by receiving a coordination message sent from a peer UE(s) which can be contained in SL signaling a Type A UE is capable of receiving, e.g., PSFCH.
Our companion contribution [2] includes a detailed analysis of this situation, showing the large gains in system performance that can be achieved when Type A UEs exploit inter-UE coordination messages. The contribution includes a scheme using a single-bit coordination message that minimizes the overhead and avoids channel flooding in broadcast and groupcast scenarios. 
[bookmark: _Toc61343706][bookmark: _Toc61343793][bookmark: _Toc61344948][bookmark: _Toc61344949][bookmark: _Toc61344986]4	Restrictions in shared resource pools
In RAN1#103-e the following was agreed regarding the coexistence of UEs with different resource allocation mechanisms, i.e., full-sensing, partial sensing and/or random resource selection.Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.

In our view, it is important to control the degradation of the system performance, e.g., a potentially increased number of collisions, when UEs with different sensing times are within the same resource pool. For example, random selection mechanism is intended for UEs without the SL reception capability or sensing capability, and the blind selection of resources may lead to collisions and a 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: _Toc61884032]Introduce restrictions to the resources to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist.
Therefore, we propose to include a flexible separation of the shared resource pool in several sets of time/frequency resources. This separation restricts the set of resources that UEs with different resource allocation mechanisms, i.e., full-sensing UEs, partial sensing UEs and/or random resource selection UEs, can use in order to minimize the collisions with the peer UEs. The shared resource pool can be (pre-)configured with different regions/areas where a specific number of resources can be allocated for each allowed resource allocation mechanism in the shared resource pool.
[bookmark: _Toc61884033]In a shared resource pool, a separation of resources is (pre-)configured where a specific number of resources are allocated for each resource allocation mechanism allowed within the resource pool.
As indicated before, a full sensing UE, i.e., a UE which is using the procedure defined in Rel-16, has full awareness of the resource situation in the shared resource pool, and therefore, is able to avoid potential collisions with peer UEs – by means of re-evaluation/re-selection or pre-emption. In this case, there are no limitations to the resources the full sensing UE can select from the shared resource pool. However, UEs which use different resource allocation mechanism such as partial sensing or random resource selection, have a smaller knowledge of the resource pool situation or not knowledge at all for the latter. Therefore, it is important to restrict/reduce the resource that can be selected by these UEs in order to avoid collisions with the peer UEs. 
[bookmark: _Toc61884034]The set of resources that a UE can select from in a shared resource pool is restricted based on their resource allocation mechanism.
The set of resources that a UE can select is restricted based on their resource allocation scheme, i.e., a full sensing UE can select from the entire shared resource pool, a partial sensing UE is restricted to a set X1 of resources and a random resource selection UE is restricted to X2 resources from the shared resource pool, where X1 > X2, as shown in Figure 11.
[bookmark: _Toc61010371][bookmark: _Toc61010372][bookmark: _Toc61010373][bookmark: _Toc61010374][bookmark: _Toc61010375][bookmark: _Toc61010376][bookmark: _Toc61010377]
[image: ]
[bookmark: _Ref61884138]Figure 11: Shared resource pool with flexible separation of resources based on resource allocation mechanism
[bookmark: _Toc46180190][bookmark: _Toc46180211][bookmark: _Toc46180191][bookmark: _Toc46180212][bookmark: _Toc46180192][bookmark: _Toc46180213]6	Congestion control for power saving UE
In relation to the channel occupancy and the trade-off between sensing and the congestion of the channel, in last RAN1 meeting agreements related to the adjustment of the transmission parameters with respect to the congestion control parameters/congestion in the channel were reached.Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement

However, using the congestion control mechanism based on CBR and CR requires that the UEs are sensing continuously (or at least during a relatively long period) which conflicts with the idea of a power saving RA scheme. The CBR/CR measurement as defined in Rel-16, requires that the UE is sensing for at least 100 slots or 1000 ms which may in most cases diminish the power reduction obtained by using partial sensing and other power saving schemes.
[bookmark: _Toc61884051]Congestion control based on CBR and CR measurements as defined in Rel-16 requires of long sensing periods, i.e., 100 slots or 1000 ms, that conflicts with the idea of power saving schemes.
Using the current definitions for congestion control metrics, may result in undesirable behavior. For example,
· A UE performing full-sensing senses that 50 out of 100 resources are occupied. The resulting CBR is CBR=50/100=0.5. 
· A UE performing partial sensing (or DRX) is active in 4 slots and senses that 2 out of 4 resources are occupied. According to the existing definitions, the resulting CBR is CBR=2/100=0.02.

That is, although both UEs share the same channel and perceive the same occupancy ratio, their CBR calculations are very different. It is therefore necessary to adapt the congestion control metrics to the reduced measurement time and/or to the intermittent reception.
[bookmark: _Toc61884035]The congestion control metrics (e.g., CR and CBR) are redefined to reflect that the RX time may be reduced and/or discontinuous.
In addition, the congestion control procedure is defined and configured with the assumption that the measurements are taken over longer intervals. Reducing the reception interval used in the measurements not only reduces the accuracy of the measurements, but also their resolution. This is a problem if the congestion control configuration and procedures are shared between full sensing and partial sensing UEs. It is also relevant for UEs performing DRX.
[bookmark: _Toc61884036]RAN1 introduces separate congestion control configurations for UEs performing intermittent reception (e.g., using partial sensing and/or SL DRX).
· [bookmark: _Toc61884037]FFS whether different procedures are needed too.

7	Conclusion
In the previous sections we made the following observations: 
Observation 1	Partial sensing mechanism specified for LTE Rel-14 is optimized for periodic traffic type only.
Observation 2	Periodic sensing occasions similar to LTE procedure can be applied on top of partial sensing procedure for aperiodic traffic as described in Proposal 3 and Proposal 4.
Observation 3	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 4	Using HARQ feedback to adjust the transmission/resource allocation parameters is a unified solution which works for every UE, i.e., for Type A UE that can receive limited sidelink signaling and for Type D UE which can receive all sidelink signals.
Observation 5	UEs using partial sensing using adaptive sensing window have a system behavior in terms of impact and performance that is like that of full sensing UEs.
Observation 6	In terms of standalone performance, partial sensing using adaptive sensing window is closest to full sensing, clearly outperforming partial sensing with zero initial window.
Observation 7	The relative sensing time of partial sensing using adaptive sensing window is slightly higher than that of partial sensing using zero initial window, but substantially lower than that of partial sensing using fixed window.
Observation 8	Partial sensing with fixed sensing window is not suitable for low-latency transmissions.
Observation 9	Partial sensing with adaptive sensing window based on HARQ feedback adjusts its behaviour according to the actual channel conditions, optimizing power consumption of the UE.
Observation 10	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 11	Partial sensing and sidelink DRX are designed as complementary features.
Observation 12	For proper operation of SL DRX, it is desirable to have a partial sensing mechanism that allows for transmission with varying number of sensing results.
Observation 13	Restrictions and rules for the choice of resources are needed for non-sensing UEs/random resource UEs when sharing the resource pool with sensing UEs, i.e., partial and full sensing UEs.
Observation 14	Congestion control based on CBR and CR measurements as defined in Rel-16 requires of long sensing periods, i.e., 100 slots or 1000 ms, that conflicts with the idea of power saving schemes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Type A UEs support PSFCH and S-SSB reception in order to achieve the requirements on synchronization and reliability for SL communications.
Proposal 2	In addition to periodic traffic type, the NR partial sensing mechanism takes into account the aperiodic nature of traffic.
Proposal 3	A partial sensing window is defined as number of consecutive slots in which the UE performs sensing. The length of a partial sensing window is smaller than that of the sensing window defined in Rel-16.
Proposal 4	The partial sensing procedure supports that a UE starts sensing after the packet arrival.
Proposal 5	NR SL supports partial sensing based on adaptive sensing window using HARQ feedback.
Proposal 6	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 7	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 8	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 9	In NR, it is assumed that the RX UE(s) may not monitor the channel continuously.
Proposal 10	No separate TX/RX alignment procedure is specified in RAN1 for partial sensing.
Proposal 11	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 12	A non-sensing UE sharing a resource pool with sensing UEs shall select/reserve resources for consecutive transmissions with a separation/gap large enough so that the sensing UE can react accordingly if a collision happens, i.e., trigger resource re-evaluation/re-selection or pre-emption.
Proposal 13	A Type A UE shall trigger re-selection/pre-emption of its selected resources by receiving a coordination message sent from a peer UE(s) which can be contained in SL signaling a Type A UE is capable of receiving, e.g., PSFCH.
Proposal 14	Introduce restrictions to the resources to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist.
Proposal 15	In a shared resource pool, a separation of resources is (pre-)configured where a specific number of resources are allocated for each resource allocation mechanism allowed within the resource pool.
Proposal 16	The set of resources that a UE can select from in a shared resource pool is restricted based on their resource allocation mechanism.
Proposal 17	The congestion control metrics (e.g., CR and CBR) are redefined to reflect that the RX time may be reduced and/or discontinuous.
Proposal 18	RAN1 introduces separate congestion control configurations for UEs performing intermittent reception (e.g., using partial sensing and/or SL DRX).
	FFS whether different procedures are needed too.
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Appendix – Simulation Assumptions
Table 3 contains the different simulations assumptions used for generating the results presented in this contribution. Other assumptions and models follow TR 37.885 [3] and TR 38.885 [4].
[bookmark: _Ref61607005][bookmark: _Ref61607002]Table 3: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885 [3])

	
	Channel models
	See TR 37.885 [3]

	Traffic
	Model
	Aperiodic medium intensity with fixed packet size 800 bytes

	
	PDB
	50 ms

	
	Cast Mode
	Groupcast Option 2 with group distance = 500 m

	RF
	Carrier frequency
	6 GHz

	
	Bandwidth
	40 MHz

	
	SCS
	30 kHz

	
	Antenna configuration
	2 TX / 2 RX

	Pool configuration
	Sub-channels
	4

	Scheduling
	Max. transmissions per TB
	4

	
	Reservations per SCI
	1

	
	Gap between retransmissions
	2 slots

	
	MCS
	16QAM with CR=1/2

	Sensing
	RSRP threshold
	-80 dBm
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