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This contribution discusses the following TEI18 proposals:
· Section 2: Enhancement of Preferred Resource Set in Inter-UE Coordination Scheme 1 for sidelink
· This proposal is also supported by Qualcomm.
· Section 3: Extensions to FR1 TRS configurations
· Section 4: Adapting drx-HARQ-RTT-TimerUL/DL for different number of PUSCH/PUCCH repetitions
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[bookmark: _Hlk129860154][bookmark: _Toc131785902]Enhancement of Preferred Resource Set in Inter-UE Coordination Scheme 1 for sidelink
This proposal is also supported by Qualcomm.
[bookmark: _Toc131785903]Introduction
[bookmark: _Hlk525462591]TS 38.214 [1], clause 8.1.4A specifies the UE procedure for determining UE-A’s preferred or non-preferred resource set for UE-B’s transmission. As shown below, the non-preferred resource set includes not only reserved resources where high interference is expected at UE-A (i.e., RSRP higher than a threshold) (Condition 1-B-1 Option 1) but also reserved resources where UE-A is an intended destination and low received power is expected (i.e., RSRP lower than a threshold) (Condition 1-B-1 Option 2). The latter condition is meant to protect UE-A’s reception of an upcoming transmission by a third UE (e.g., UE-C) from interference caused by UE-B’s transmission. This feature, however, is currently not considered when determining a preferred resource set.
	8.1.4A	UE procedure for determining a set of preferred or non-preferred resources for another UE's transmission
<omitted text>
When determining a non-preferred resource set, the UE considers any resource(s) within the resource selection window, if indicated by a received explicit request, and satisfying at least one of the following conditions as non-preferred resource(s): 
-	resource(s) indicated by a received [SCI format 1-A], satisfying at least one of the following criteria:
-	the RSRP measurement performed, according to clause 8.4.2.1, for the received [SCI format 1-A], is higher than  where  is the value of the priority field in the received [SCI format 1-A]. The internal parameter  is set to the corresponding value of RSRP threshold indicated by the k-th field in sl-ThresholdRSRP-Condition1-B-1-Option1List, where .
-	the UE is a destination UE of a TB associated with the received [SCI format 1-A] and the RSRP measurement performed, according to clause 8.4.2.1 for the received [SCI format 1-A], is lower than  where  is the value of the priority field in the received [SCI format 1-A]. The internal parameter  is set to the corresponding value of RSRP threshold indicated by the k-th field in sl-ThresholdRSRP-Condition1-B-1-Option2List, where .
-	resources(s) in slot(s) in which the UE does not expect to perform SL reception due to half duplex operation, if the UE is a destination UE of a TB for whose transmission the non-preferred resource set is being determined.


In this contribution, we propose to enhance the UE procedure for determining a preferred resource set in order to protect UE-A’s reception of UE-C’s transmission.

[bookmark: _Toc131785904]Enhancement of Preferred Resource Set in Inter-UE Coordination Scheme 1
Figure 1 illustrates how UE-A’s preferred resource set determination, as currently specified, may lead UE-B to disrupt UE-A’s reception of UE-C’s transmission. Due to, e.g., UE-C being far away from UE-A, the RSRP measurement associated with UE-C’s SCI reserving resource r1 may be below the RSRP threshold for resource exclusion in step 6 of the resource selection procedure (clause 8.1.4 of TS 38.214). Thus, UE-A may include r1 in its preferred resource set for UE-B’s transmission, increasing the likelihood that UE-B selects r1, which would disrupt UE-A’s reception of UE-C’s transmission.
[image: ]
[bookmark: _Ref129342717]Figure 1. Preferred resource set according to Rel-17
In order to prevent this, we propose to enhance the UE procedure for determining a preferred resource set by including a criterion similar to Condition 1-B-1 Option 2 for the preferred resource set. Specifically, condition b) in step 6 of the resource exclusion procedure is to be enhanced as follows:
	b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  OR the UE is a destination UE of a TB associated with the received SCI format 1-A and the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is lower than ;


In this way, resources such as r1 above where UE-A expects a weak received signal from a third UE (UE-C) are also excluded from the preferred resource set, thus protecting UE-A’s reception of the weak received signal.
In Appendix E of R1- 2108627 [2], reproduced below, it is observed that protecting UE-A’s reception of other UEs (based on Condition 1-B-1 Option 2 for the non-preferred resource set) significantly increases system performance. We believe this also applies for the preferred resource set, especially if a resource pool is configured with only the preferred resource set enabled (i.e., non-preferred resource set is disabled).
	During the email discussion [106-e-NR-R17-Sidelink-04] in RAN1 #106-e, the following proposal was suggested:
Proposal:
· In scheme 1, at least the following is supported to determine inter-UE coordination information of non-preferred resource set:
· UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
· Condition 1-B-1:
· Condition 1-B-1(a):
· Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is HIGHER than a RSRP threshold when UE-A is an intended recipient of UE-B’s transmission
· Condition 1-B-1(b):
· Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is LOWER than a RSRP threshold when UE-A is an intended recipient of other UE’s transmission
· FFS: Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any) including whether/how to consider UE-B’s traffic requirement (if available)
· FFS: Other condition(s)
· FFS: Other details (if any)

In this appendix, we compare the performance of applying Conditions 1-B-1 (a) and 1-B-1 (b) separately and jointly. Figure 26 provides the results where it can be observed that Option 1-B-1 (b) provides significant gains compared to Option 1-B-1 (a). It can also be observed that Option 1-B-A (a) does not provide additional gain when applied together with Option 1-B-1 (b) compared to the case of Option 1-B-1 (b) alone.
[image: ]
[bookmark: _Ref80902857]Figure 26 Performance comparison of Option 1-B-1 (a) and Option 1-B-1 (b)

Observation 39 Significant performance gain is observed when using Option 1-B-1 (b): UE-A considers as a non-preferred resource any resource(s) of other UE identified by UE-A whose RSRP measurement is LOWER than a RSRP threshold when UE-A is an intended recipient of other UE’s transmission.
Observation 40 Applying Option 1-B-1 (b) provides larger gains than applying Option 1-B-1 (a).
Observation 41 Option 1-B-A (a) does not provide additional gain when applied together with Option 1-B-1 (b) compared to the case of Option 1-B-1 (b) alone.



[bookmark: Obs88479][bookmark: _Hlk129862039]Observation 1: The currently specified UE procedure for determining a preferred resource set for UE-B’s transmission does not consider protection of UE-A’s reception of transmissions from other UEs.
[bookmark: Proposal80324]Proposal 1: RAN1 to discuss and decide on the following proposed modification to clause 8.1.4A:
	[bookmark: _Hlk128727439]8.1.4A	UE procedure for determining a set of preferred or non-preferred resources for another UE's transmission
<omitted text>
When determining a preferred resource set, the UE applies the procedure described in clause 8.1.4 with the above parameters and the following modifications:
-	Condition b) in Step 6 is replaced by:
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  OR the UE is a destination UE of a TB associated with the received SCI format 1-A and the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is lower than ;
-	Step 6a) The UE excludes candidate single-slot resource(s) belonging to slot(s) where the UE does not expect to perform SL reception of a TB due to half-duplex operation, if all the following conditions are met:
-	the UE is a destination UE of the TB for whose transmission the preferred resource set is being determined;
-	the higher layer parameter sl-Condition1-A-2 is not set to 'Disabled'.
<omitted text>



[bookmark: _Hlk129862010][bookmark: _Toc131785905]Extensions to FR1 TRS configurations
[bookmark: _Toc131785906]Introduction
RAN1#112 discussed the initial proposal in [3] that proposed several extensions to the FR1 TRS configurations. Based on the feedback received, in this contribution we focus on just one additional configuration that appeared to be the easiest for the UEs to implement as it would be a simple time-shift on the existing configurations.
The TS 38.214 subclause 5.1.6.1.1 defines the CSI-RS for tracking to have two symbols per slot in a one or two slot configuration, but hard-codes the FR1 to always transmit the TRS in the two-slot configuration.
	-	For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. 
[…]
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.



The symbol locations and the requirement for two-slot configuration in FR1 complicates the TRS multiplexing with PDSCHs sent before the UE has a dedicated configuration (SI, paging, RAR), and the need for two-slot config limits the network energy saving when there is only light traffic in the system.
In this TEI18 document we propose additional FR1 TRS configurations to better facilitate multiplexing with common PDSCH transmissions and increase the opportunities for network energy savings.
[bookmark: _Toc131785907]Discussion
The currently allowed TRS configurations for FR1 are depicted in Figure 1. It is evident that UEs not aware of the TRS cannot use the PRBs with TRS except by brute-force puncturing the TRS REs, and in many cases on FR1 carriers this means that the slots cannot be used at all for paging, system info or random access response. It is also not possible to multiplex TRS in the SSB slots if more than 1 SSB is used by the network.
In low-loaded environment this means that instead of being able to concentrate the TRS transmissions with common channels, different set of slots need to be used, increasing the network’s on-time.
[image: ]
[bookmark: _Ref127443279]Figure 2: Allowed FR1 TRS configurations since Rel-15

Extending the support for configuration {9, 13} also to FR1 would help placing the TRS after a shortened PDSCH while only introducing a time-shift to the TRS.
[image: ]
Figure 3: Proposed new FR1 TRS configuration 2x{9,13}

Proposal 2: For FR1, in addition to the already supported TRS configurations 2x{4,8}, 2x{5,9}, 2x{6,10}, allow also the configuration of 2x{9,13} for FR1.
· Note: The 2x{9,13} TRS configuration is supported for FR2 in Rel-15: No change to configuration signalling needed.

[bookmark: _Toc131785908]Adapting drx-HARQ-RTT-TimerUL/DL for different number of PUSCH/PUCCH repetitions
[bookmark: _Toc131785909]Introduction
Discontinuous reception (DRX)
DRX defines active or inactive modes for UE, wherein UE can avoid monitoring all PDCCH occasions when it is in inactive mode. The UE is permitted to transmit on the UL during inactive mode, e.g., transmitting (a repetition) on the PUSCH. UE determines whether it is in active or inactive modes thanks to a set of timers and conditions.
In case of transmitting PUSCH or PUCCH with repetitions, the following timers are considered:
· drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL, DL or SL transmission for the MAC entity.
· drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;
· drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
· drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
· drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
[image: ]
[bookmark: _Ref129590794]Figure 4. An example of active and inactive durations in case PUSCH is transmitted with repetitions and when a) drx-LastTransmissionUL is not configured and b) drx-LastTransmissionUL is configured.
Figure 4 illustrates how the corresponding timers are used for determining active and inactive duration in case of PUSCH repetitions. For PUSCH repetitions, the starting of drx-HARQ-RTT-TimerUL further depends on whether drx-LastTransmissionUL is configured or not. Figure 1a illustrates the case when drx-LastTransmissionUL is not configured (disabled), wherein drx-HARQ-RTT-TimerUL starts after the first repetition. Figure 1b illustrates the case when drx-LastTransmissionUL is configured (enabled), wherein drx-HARQ-RTT-TimerUL starts after the last repetition.
[image: ]
[bookmark: _Ref129593520]Figure 5. An example of active and inactive durations in case where the PUCCH carrying NACK is transmitted with PUCCH repetition.
Figure 2 illustrates how the corresponding timers are used for determining active and inactive durations in case of DL transmission, wherein the PUCCH carrying NACK of the DL transmission is transmitted with PUCCH repetitions.
PUSCH/PUCCH repetitions
Rel-17 introduces a feature that allows counting the number of repetitions for PUSCH repetitions type A on available slots. Note also that counting on available slots already exists for PUCCH repetitions. Although this feature ensures a higher number of repetitions to be transmitted, it however increases the total latency from the first to the last repetition. 
In addition, it’s worth noting that dynamic indication of number of PUSCH repetitions is introduced in Rel-16, while dynamic indication of number of PUCCH repetitions is also introduced in Rel-17.
Observation 2: While the number of PUSCH/PUCCH repetitions can be dynamically indicated via DCI, the DRX timers drx-HARQ-RTT-TimerUL/ drx-HARQ-RTT-TimerDL are semi-statically configured in RRC.
[bookmark: _Toc131785910]Discussion
In case drx-HARQ-RTT-TimerUL starts after the first repetition. It can be observed from Figure 4a that, since drx-RetransmissionTimerUL, which starts after drx-HARQ-RTT-TimerUL expires, is used for UE to return to active mode for monitoring PDCCH that schedules retransmission of the PUSCH (if any), it is straightforward for gNB to configure drx-HARQ-RTT-TimerUL covering the whole of the PUSCH repetitions duration (i.e., until the last PUSCH repetition plus NW processing/scheduling time). However, given that the number of PUSCH repetitions can be dynamically indicated while drx-HARQ-RTT-TimerUL is semi-statically configured in RRC, gNB needs to configure drx-HARQ-RTT-TimerUL such that this timer could cover the maximum repetition duration (i.e., the repetition duration considering the maximum number of repetitions). This increases significantly the latency beyond what is needed, especially when counting on available slots is used and number of repetitions is smaller.
Observation 3: In case drx-HARQ-RTT-TimerUL starts after the first repetition, given that the number of PUSCH repetitions can be dynamically indicated while drx-HARQ-RTT-TimerUL is semi-statically configured in RRC, gNB needs to configure drx-HARQ-RTT-TimerUL such that this timer could cover the maximum repetition duration. This increases significantly the latency beyond what is needed, especially when counting on available slots is used and number of repetitions is smaller.
[image: ]
[bookmark: _Ref129620498]Figure 6. An example of active and inactive durations determination in case drx-LastTransmissionUL is configured and drx-HARQ-RTT-TimerUL is fixed for PUSCH transmission with a) one repetition and b) eight repetitions.
In case drx-HARQ-RTT-TimerUL starts after the last repetition. Although applying drx-LastTransmissionUL may partly solve the above issue of significant latency increase, this case has the following drawbacks.
· Given that drx-HARQ-RTT-TimerUL is fixed, the inactive duration could be very short for a smaller number of repetitions (as shown in Figure 6a). However, given the smaller number of repetitions (i.e., the repetition duration is short), latency may not be so critical at the time when drx-HARQ-RTT-TimerUL starts. Therefore, it’s beneficial for UE to enjoy longer inactive duration for power saving (e.g., by considering longer drx-HARQ-RTT-TimerUL).
· In contrast, the inactive duration could be very long for a higher number of repetitions (as shown in Figure 6b). In this case, given the higher number of repetitions (i.e., the repetition duration is long, especially when counting on available slots is considered), latency may be very critical at the time when drx-HARQ-RTT-TimerUL starts. Therefore, it’s important for UE to return to active mode faster to avoid significant latency increase in case retransmission is needed (e.g., by considering shorter drx-HARQ-RTT-TimerUL).
Observation 4: In case drx-HARQ-RTT-TimerUL starts after the last repetition, the inactive duration could be very short for a smaller number of repetitions. In this case, latency may not be so critical at the time when drx-HARQ-RTT-TimerUL starts. Therefore, increasing drx-HARQ-RTT-TimerUL is beneficial for power saving in this case.
Observation 5: In case drx-HARQ-RTT-TimerUL starts after the last repetition, the inactive duration could be very long for a larger number of repetitions (especially when counting on available slots is used). In this case, latency may be very critical at the time when drx-HARQ-RTT-TimerUL starts. Therefore, reducing drx-HARQ-RTT-TimerUL is crucial for avoiding significant latency increase in this case.
Similar drawbacks are observed in case PUCCH carrying NACK is transmitted with repetitions.
[image: ]
[bookmark: _Ref129620408]Figure 7. An example of active and inactive durations determination in case drx-LastTransmissionUL is configured and drx-HARQ-RTT-TimerUL is adapted with number of repetitions for PUSCH transmission with a) one repetition, b) four repetitions and c) eight repetitions.
From the above observations, and as illustrated in Figure 7, it can be deduced that adapting drx-HARQ-RTT-TimerUL/ drx-HARQ-RTT-TimerDL to the number of PUSCH/PUCCH repetitions is beneficial for providing a good balance between power saving and latency control, in case the number of PUSCH/PUCCH repetitions is dynamically indicated. Therefore, the following is proposed:
Proposal 3: RAN1 to specify that different values of drx-HARQ-RTT-TimerUL can be configured for different number of PUSCH repetitions and different values of drx-HARQ-RTT-TimerDL can be configured for different number of PUCCH repetitions.

[bookmark: _Toc131785911]Conclusions
In this contribution following TEI18 related observations and proposals are made:
Enhancement of Preferred Resource Set in Inter-UE Coordination Scheme 1 for sidelink
Observation 1: The currently specified UE procedure for determining a preferred resource set for UE-B’s transmission does not consider protection of UE-A’s reception of transmissions from other UEs.
Proposal 1: RAN1 to discuss and decide on the following proposed modification to clause 8.1.4A:

	8.1.4A	UE procedure for determining a set of preferred or non-preferred resources for another UE's transmission
<omitted text>
When determining a preferred resource set, the UE applies the procedure described in clause 8.1.4 with the above parameters and the following modifications:
-	Condition b) in Step 6 is replaced by:
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  OR the UE is a destination UE of a TB associated with the received SCI format 1-A and the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is lower than ;
-	Step 6a) The UE excludes candidate single-slot resource(s) belonging to slot(s) where the UE does not expect to perform SL reception of a TB due to half-duplex operation, if all the following conditions are met:
-	the UE is a destination UE of the TB for whose transmission the preferred resource set is being determined;
-	the higher layer parameter sl-Condition1-A-2 is not set to 'Disabled'.
<omitted text>



For Extensions to FR1 TRS configurations
Proposal 2: For FR1, in addition to the already supported TRS configurations 2x{4,8}, 2x{5,9}, 2x{6,10}, allow also the configuration of 2x{9,13} for FR1.
· Note: The 2x{9,13} TRS configuration is supported for FR2 in Rel-15: No change to configuration signalling needed.

For Adapting drx-HARQ-RTT-TimerUL/DL for different number of PUSCH/PUCCH repetitions:
Observation 2: While the number of PUSCH/PUCCH repetitions can be dynamically indicated via DCI, the DRX timers drx-HARQ-RTT-TimerUL/ drx-HARQ-RTT-TimerDL are semi-statically configured in RRC.
Observation 3: In case drx-HARQ-RTT-TimerUL starts after the first repetition, given that the number of PUSCH repetitions can be dynamically indicated while drx-HARQ-RTT-TimerUL is semi-statically configured in RRC, gNB needs to configure drx-HARQ-RTT-TimerUL such that this timer could cover the maximum repetition duration. This increases significantly the latency beyond what is needed, especially when counting on available slots is used and number of repetitions is smaller.
Observation 4: In case drx-HARQ-RTT-TimerUL starts after the last repetition, the inactive duration could be very short for a smaller number of repetitions. In this case, latency may not be so critical at the time when drx-HARQ-RTT-TimerUL starts. Therefore, increasing drx-HARQ-RTT-TimerUL is beneficial for power saving in this case.
Observation 5: In case drx-HARQ-RTT-TimerUL starts after the last repetition, the inactive duration could be very long for a larger number of repetitions (especially when counting on available slots is used). In this case, latency may be very critical at the time when drx-HARQ-RTT-TimerUL starts. Therefore, reducing drx-HARQ-RTT-TimerUL is crucial for avoiding significant latency increase in this case.
Proposal 3: RAN1 to specify that different values of drx-HARQ-RTT-TimerUL can be configured for different number of PUSCH repetitions and different values of drx-HARQ-RTT-TimerDL can be configured for different number of PUCCH repetitions.
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