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[bookmark: _Ref534820708]Introduction
One of the objectives of the WID about NR sidelink evolution [1] is to:
Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
In RAN1#110 [6], the group concluded that TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs. Yet, this solution, although feasible, is challenging to deploy and unable to adapt to future traffic changes [8], which also leads to important drawbacks in terms of performance. For these reasons, RAN plenary RAN#97 [7] guides RAN 1 to continue the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A. 
In RAN1#110b-e and RAN1#111 meetings there was no significant progress on issues such as how to deal with PSFCH overlapping or higher SCS support, although some proposals exist and were thoroughly debated [9], [10]. In RAN1#112 meeting [11], progress was made on NR SL resource (re)selection procedure and a set of candidates for dealing with AGC issue caused by PSFCH was agreed as a working assumption. RAN#99 plenary meeting, further guidance was given to RAN1 on how to proceed on topics such as support of higher subcarrier spacing and AGC PSFCH handling.
The current contribution gives views on remaining issues related to PSSCH/PSCCH resource (re)selection procedure and PSFCH handling.

Discussion
On PSSCH/PSCCH resource (re)selection procedure
In the latest RAN1#112 and RAN1#112b-e the following agreements were made:
	Agreement
In NR SL resource (re)selection procedure, option 1 is adopted for how to determine candidate resource set for NR SL considering the LTE SL reserved resources by other LTE SL UE 
· Option 1: The PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE when the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission
· For the list of the above initial SL RSRP threshold, down-select one of followings:
· Alt 1: NR SL RSRP threshold list (pre)configured in a NR SL resource pool
· Alt 2: LTE SL RSRP threshold list (pre)configured in a LTE SL resource pool
· Alt 3: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing
· Alt 4: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing
· A different SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH
· […]

Agreement
In NR SL resource (re)selection procedure, for dynamic resource pool sharing, the list of initial SL RSRP thresholds is separately (pre)configured (i.e., Alt 3 in the agreement of RAN1#112 meeting) for the PHY layer of NR SL module to exclude NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE.
· FFS: whether a different initial SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH.




We investigated by means of simulation whether applying differentiating RSRP thresholds on NR slots with NR PSFCH on top of Alt 3 brings is useful. 
We consider LTE and NR traffic as having the same priority (that is, we consider a single RSRP value in the RSRP list). 
The variable Δ globally characterizes the difference between applied RSRP thresholds. This variable can have different exact expressions depending on the use case and the exact meaning will be detailed in each sub-section.
To separate the impact of PSFCH avoidance from the impact of the PSSCH/PSCCH resource allocation related decisions, we investigate the case where the impact of NR PSFCH on LTE is ignored (no specific protection measure is taken for PSFCH AGC issue: accept the collision if it occurs). This is a marginal case under the currently agreed behavior for PSFCH avoidance (conditional avoidance with an extreme threshold, avoidance is never performed). The PSFCH impact is separately investigated in section 2.2, because the strategy applied for PSFCH avoidance may have a severe impact on the performance and may completely mask/bias the differences between different strategies for PSSCH/PSCCH (re)selection.
Here, Δ qualifies the difference between the RSRP thresholds for LTE exclusion corresponding to slots with PSFCH and without PSFCH respectively. We assume that the same RSRP thresholds for LTE and NR exclusion were configured in slots without PSFCH. The value Δ (in dB) quantifies the degree of sensitivity with which LTE resources are excluded during NR resource (re)selection in slots containing PSFCH:
· Δ=0 (Alt 3 without FFS point) means that LTE resources have the same treatment among slots with and without PSFCH (no difference between the respective RSRP thresholds)
· Δ>0 (Alt 3 + FFS point) means that, in PSFCH slots, NR transmission is privileged to some degree in the slots with PSFCH, hence pushing LTE away from those slots due to the RSSI mechanism of LTE. The degree depends on the value of Δ 
· As an extreme value, Δ=+∞ (never prioritize LTE) means that, in PSFCH slots, NR completely ignores the detected LTE reservations.

When HARQ ACK/NACK option 2 is enabled for NR transmission, we also tested different strategies concerning the NR transmission concentration in the PSFCH slot. The system behavior is also driven by of the effect of NR HARQ process. Whenever not stated otherwise, we consider that every 4th slot contains PSFCH occasions.
When encouraging NR transmission to concentrate in PSFCH slots by increasing the Δ value there is a double effect:
· the proportion of NR traffic concentrated in PSFCH slots increases (see InPSFCH labels on the NR PRR figures), leading to more collisions in these slots and thus to an increased number of retransmissions (see NTrPerTB labels on the NR PRR figures); part of this NR extra traffic will end up in the slots without PSFCH
· the proportion of LTE traffic on resources in PSFCH slots decreases (see InPSFCH labels on the NR LTE figures); the LTE traffic is pushed into the slots without PSFCH
NR traffic is highly increased in slots with PSFCH, with a detrimental effect on NR. Some extra NR traffic (due to more retransmissions) and some extra LTE traffic (pushed out of the PSFCH slots) end up in slots without PSFCH, degrading LTE PRR also. The detrimental effect on LTE caused by the increased NR traffic (more re-transmissions) and increased LTE traffic (pushed out of the PSFCH slots) is superior to the beneficial effect due to less NR/LTE collisions in the PSFCH slots. Alt 3 without the FFS point (Δ=0) performs better.
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Figure 1 – LTE PRR, NR with ACK/NACK groupcast option 2
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Figure 2 – NR PRR, NR with ACK/NACK groupcast option 2

	Δ=0  Alt 3 without FFS point
Δ>0  Alt 3 + FFS point



[bookmark: _Toc134833249]Observation 1: For NR SL resource (re)selection procedure, when HARQ groupcast option 2 is enabled, further setting different initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is detrimental.
[bookmark: _Toc134833246]Proposal 1: A same initial SL RSRP threshold list is used for selecting single slot resources in NR SL slots with and without NR PSFCH.

On remaining PSFCH issues
Concerning the AGC issues caused by NR PSFCH transmissions occurring in resources that overlap with resources to be used for LTE SL transmissions, the following decision was made during the plenary RAN#99 and introduced in the WID:

	For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.



Furthermore, the cited working assumption reads:
	[bookmark: _Hlk134810102]Working assumption
· […]
· Option 1-2: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is ensured by the UE transmitting PSSCH
· FFS whether/how to define condition(s) of selecting NR SL candidate resources for NR SL PSCCH/PSSCH
· […]




In the past RAN1#112b-e meeting, the following agreement was made:
	Agreement
[bookmark: _Hlk134823340]In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Down-selection one of followings:
· Option 1: 
· When the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission
· The list of the above initial SL RSRP thresholds is separately (pre)configured
· FFS: whether this initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR SL module applies the above procedure in Step 6 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE and the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold according to condition c in Step 6 in Section 8.1.4 of TS 38.214
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module
· Option 2: 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether to apply the above procedure based on the priority of the LTE SL reserved resources and/or the priority of the NR SL transmission
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE in time domain according to Step 5 in Section 8.1.4 of TS 38.214.
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module




[bookmark: _Ref134821398]Option 2 variants
In the resource allocation procedure in Section 8.1.4 of TS 38.214, at step 5, the UE excludes candidate single-slot resource corresponding to potential reservations announced in non-monitored slots. Yet, at step 5a), if the number of candidate single-slot resources remaining in the set SA is smaller than X⋅Mtotal, the set SA is initialized to the set of all the candidate single-slot resources as in step 4. That is, the exclusion procedure is overridden.
In Option 2, it is proposed that the PHY layer of NR module also excludes, in Step 5, the candidate resources having corresponding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain. 
This approach has a major drawback. Even under fairly light LTE traffic, there is a high probability that there is at least one LTE transmission detected in the PSFCH slots. With the tested traffic patterns corresponding to two different LTE active terminal densities, this probability lies between 82% to 86%. This leads to excessive exclusion of NR resources and the threshold of X⋅Mtotal candidate resources (usually 20%) is very often not met.
The current formulation of the proposal does not state how to deal with the case when the threshold of X⋅Mtotal candidate resources is not met after the exclusion based on PSFCH criterion. We thus tested two different scenarios
· “No-Reincl”: if, after exclusion based on PSFCH criterion, the minimum number of candidate resources in SA is not met, there is no re-inclusion of the excluded resources in step 5a. The NR UE choses one resource among the ones remaining in SA. Only if SA is void, the NR UE randomly picks a resource from the excluded ones. As seen from Figure 3 - Figure 6, this has a highly destructive effect on NR, whose PRR is highly degraded. We did not present the results when, if if SA is void, the NR UE drops the transmission: the PRR of NR is almost null. This is easily understandable, since in 82%-86% of the cases, NR drops the transmission. 
· “Reincl”: if, after exclusion based on PSFCH criterion, the minimum number of candidate resources in SA is not met, the excluded resources are re-included at step 5a (that is, PSFCH-based exclusion is overridden). Of course, re-inclusion happens with a very high probability: in 72% (Figure 4) and respectively 98% (Figure 6) of the cases, the excluded resources are re-included and thus the PSFCH-based exclusion procedure is useless since it is overridden.
[bookmark: _Toc134833250]Observation 2: In PSFCH Option 2, if re-inclusion at step 5a of the resources excluded at step 5 is not allowed, NR is extremely severely penalized.
[bookmark: _Toc134833251]Observation 3: In PSFCH Option 2, if re-inclusion at step 5a of the resources excluded at step 5 is allowed, re-inclusion happens with a very high probability and the protecting effect on LTE is somehow limited.
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[bookmark: _Ref134820049]Figure 3: PSFCH Option 2-Re-Inclusion Vs No Re-Inclusion: LTE PRR – Small LTE density
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[bookmark: _Ref134820581]Figure 4: PSFCH Option 2-Re-Inclusion Vs No Re-Inclusion: NR PRR– Small LTE density
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Figure 5: PSFCH Option 2-Re-Inclusion Vs No Re-Inclusion: LTE PRR – High LTE density
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[bookmark: _Ref134820051]Figure 6: PSFCH Option 2-Re-Inclusion Vs No Re-Inclusion: NR PRR– High LTE density



[bookmark: _Ref134826202]Performance comparison of Option 1 vs Option 2
We now compare the relative performance of Option 1 and Option 2. Given that the “No-Reincl” approach has a highly destructive effect on NR and a limited protective impact on LTE, we further depict Option 2 in the “Reincl” approach. Nevertheless, it can be easily seen based on curves in section 2.2.1 that the conclusions in this section remain in favor of Option 1, regardless of the approach in Option 2. The solid red plots in Figure 7 - Figure 10 (which are the same as the solid red plots in the figures in section 2.2.1) correspond to Option 2. 
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[bookmark: _Ref134821801]Figure 7: PSFCH Option 1 Vs Option 2: LTE PRR – Small LTE density
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[bookmark: _Ref134822831]Figure 8: PSFCH Option 1 Vs Option 2: NR PRR– Small LTE density
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Figure 9: PSFCH Option 1 Vs Option 2: LTE PRR – High LTE density
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[bookmark: _Ref134821808]Figure 10: PSFCH Option 1 Vs Option 2: NR PRR– High LTE density



For Option 1, we apply RSRP-based condition for PSFCH-based resource exclusion The same RSRP threshold is considered for both PSFCH-less and PSFCH-carrying slots. The value  (differential with respect to the RSRP thresholds used for PSSCH resource selection) controls how much the LTE presence in a PSFCH slot weights in the PSFCH-based resource exclusion decision:
· If , LTE presence is ignored (no avoidance, NR UE never avoids collision)
· If , LTE presence takes precedence (NR UE always avoids collision)
· Other values of  perform a tradeoff between sensitivity to LTE presence and impact on NR
It appears from the simulation results that:
· Option 1 systematically and significantly outperforms Option 2 for both LTE and NR
· For Option 1
· Strict resource exclusion degrades NR performance in an extreme manner, without having significant impact on LTE
· Excessive NR resource exclusion also degrades LTE performance. Although AGC problems are avoided for LTE, this strategy degrades the quality of the resource used by the NR and also has an effect of concentrating NR transmissions onto resources that it would not have naturally picked. This leads to an increased number of NR retransmissions: the average number of re(transmissions) increases (see NTr labels in Figure 8 and Figure 10). This causes more collisions at PSSCH level, and the PRR performance of LTE is also degraded. 
· Loose exclusion at TX does not procure enough gain for LTE, who performs roughly as in the absence of PSFCH-based exclusion.
[bookmark: _Toc134833252]Observation 4: For PSFCH-based resource exclusion, Option 1 systematically and significantly outperforms Option 2.
[bookmark: _Toc134833247]Proposal 2: Support Option 1: In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain in step 6 of the procedure in Section 8.1.4 of TS 38.214, based on a list of SL RSRP thresholds separately (pre)configured.
On the interest of further introducing PSFCH subsets
We also investigated the interest of further having SL RSRP threshold list (pre)configured per subset of PSFCH resources (FFS point of Option 1/agreement in RAN1#112b-e).
In this subsection, we consider a PSFCH period N=2 with a pattern of period 50 slots (i.e. each period includes 25 PSFCH slots). For subset definition, “PP=X/Y” means that we consider a subset of X PSFCH over a period of set of Y PSFCH (here Y=25). The per-subset RSRP thresholds for PSFCH-based exclusion are represented by Δ= (Δ1, Δ2) (same meaning of Δ as in section 2.2.2) where 
· In pattern PP=X/Y, for the first subset of X PSFCH slots, PSFCH-based exclusion is made with RSRP thresholds corresponding to Δ1
· In pattern PP=X/Y, for the second subset of Y-X PSFCH slots, PSFCH-based exclusion is made with RSRP thresholds corresponding to Δ2
· When Δ1= Δ2, there is no RSRP differentiation between PSFCH slots (no pattern)
We tested a number of configurations and, for the tested configurations, we did not find any merit on defining subsets. Changing the threshold values and/or the traffic patterns and/or the PSFCH subset patterns might add some variations to the results (or even end up by finding some particular cases where subsets might have some merits). Still, we feel that continuing such a heavy optimization work and introducing more higher layer parameters without any guarantee of significant gain is not justified at this stage of the Release, especially given the already fair performance and degrees of flexibility offered by Option 1. 
[bookmark: _Toc134833248]Proposal 3: Do not pursue any further optimization of Option 1.
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Figure 11: PSFCH Option 1 with PSFCH subsets (variable Pattern) : LTE PRR – Small LTE density
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Figure 12: PSFCH Option 1 with PSFCH subsets (variable Pattern): NR PRR– Small LTE density
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Figure 13: PSFCH Option 1 with PSFCH subsets (variable Pattern): LTE PRR – High LTE density
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Figure 14: PSFCH Option 1 with PSFCH subsets (variable Pattern): NR PRR– High LTE density
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Figure 15: PSFCH Option 1 with PSFCH subsets (variable Pattern) : LTE PRR – Small LTE density
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Figure 16: PSFCH Option 1 with PSFCH subsets (variable Pattern): NR PRR– Small LTE density
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Figure 17: PSFCH Option 1 with PSFCH subsets (variable Pattern PSFCH): LTE PRR – High LTE density
	[image: Une image contenant texte, ligne, Tracé, diagramme

Description générée automatiquement]
Figure 18: PSFCH Option 1 with PSFCH subsets (variable Pattern): NR PRR– High LTE density



Conclusions
The following proposals stand:
Proposal 1: A same initial SL RSRP threshold list is used for selecting single slot resources in NR SL slots with and without NR PSFCH.
Proposal 2: Support Option 1: In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain in step 6 of the procedure in Section 8.1.4 of TS 38.214, based on a list of SL RSRP thresholds separately (pre)configured.
Proposal 3: Do not pursue any further optimization of Option 1.

As a useful reminder, the full set of observations is summarized here-below:

Observation 1: For NR SL resource (re)selection procedure, when HARQ groupcast option 2 is enabled, further setting different initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is detrimental.
Observation 2: In PSFCH Option 2, if re-inclusion at step 5a of the resources excluded at step 5 is not allowed, NR is extremely severely penalized.
Observation 3: In PSFCH Option 2, if re-inclusion at step 5a of the resources excluded at step 5 is allowed, re-inclusion happens with a very high probability and the protecting effect on LTE is somehow limited.
Observation 4: For PSFCH-based resource exclusion, Option 1 systematically and significantly outperforms Option 2.



Annex: Simulation parameters
The following simulation parameters were used in the simulations
	Sidelink Frequency
	6 GHz

	BW
	20MHz

	SCS
	15kHz

	Number of subchannels
	4

	Channel
	LOS/NLOSv (from TR 37.885) with 23dBm transmit power

	Antenna gain
	Gt=Gr=3dB

	UE drop and mobility modeling
	Highway, 6 lanes with wraparound
Option A with 140 km/h and T=4 (37.375 devices per km)

	Device type
	R18-Type A (dual NR+LTE RAT with NR SPS based also of LTE RAT sensing)
R14/15-Type C (mono RAT LTE)

	Traffic model
	Periodic, RRI={50, 100}ms
Priority=1
Latency = RRI
LTE: 2 blind transmissions
NR: Up to 4 re-transmissions, HARQ enabled
Probability of reselection = 0.2.
Packet size: 
1. NR: @RRI=50ms: 300/190 or 1200/800 bytes
2. LTE: @RRI=100ms: 300/190 bytes

	Communication Mode (NR)
	Groupcast option 2 (ACK/NACK).

	PSFCH slots properties
	Minimum response latency K=2 and period N=4.

	Recipient set definition
	The recipients are all other NR RAT at a distance from the sender smaller than 500 m for small packet size (300/190 bytes) and smaller than 240 m for small packet size (1200/800 bytes)

	MCS
	1 TB/slot/subchannel:
· 16QAM 5/6 with 1200 bytes
· 16QAM 3/4 with 800 bytes
· QPSK 1/2 for 300 bytes
· QPSK1/3 for 190 bytes.

	RAT number and density
	399 dual RAT + 199 mono-RAT with 2 cases
· 37.5 active RATs per km, i.e. 24.9 NR RAT/km and 12.4 LTE RAT/km). Global channel load: 623 different TB per s and per km in average. (High traffic density – Small LTE traffic density LTE RAT in dual RAT does not transmit).
· 49.8 active RATs per km, i.e. 12.4 NR RAT/km and 37.4 LTE RAT/km). Global channel load: 623 different TB per s and per km in average. (High traffic density – High LTE traffic density, LTE RAT in dual RAT transmits).
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