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1	Introduction
RAN1#107 has made further progress wrt the inter-UE-coordination scheme 1 that necessitate the introduction of a MAC CE based signalling scheme in RAN2 for signalling the set of preferred/non-preferred resources from a UE-A to the UE-B. Furthermore RAN1#107 has discussed criteria for determining sidelink resource(s) where expected/potential resource conflict may occur in inter-UE coordination (IUC) scheme 2 and made a working assumption. In the first part of this TDoc the signaling aspects of IUC request message for scheme 1, the IUC response message and the underlying MAC CE design is proposed. The second part analyses the assumption and proposes additional criteria to reduce false alarms and missed conflicts for IUC scheme 2.
2	Signalling aspects for IUC scheme 1
2.1	IUC response MAC CE design 
In agenda 8.11.1.2 RAN1 has agreed on the following principles for IUC scheme 1 (R1-2112756): 
For Scheme 1, a resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1 (Working Assumption): MAC CE or 2nd SCI are used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· If [N <= 3], MAC CE is used and it is up to UE implementation to additionally use 2nd SCI. When 2nd SCI and MAC CE are both used, the same resource set is indicated in the 2nd SCI and the MAC CE. If [N > 3], only MAC CE is used.
· FFS: UE capability details
· 2nd SCI is UE RX optional
· Alt 2: MAC CE is used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· FFS: Whether/How to use resource reservation information as coordination information

Based on the listed two alternatives above, the MAC CE is always present as container for the IUC scheme 1 information, while the 2nd stage SCI might be optional supported. Hence RAN2 should discuss the proper design of the MAC CE carrying the set of preferred or non-preferred resources.
Observation 1: RAN1 has agreed that MAC CE is always used as container to signal the set of preferred/non-preferred resources from UE-A to UE-B (regardless of the number N of TRIV/FRIV combinations).

Proposal 1: RAN2 to define a MAC CE that signals the IUC scheme 1 response from UE-A to UE-B. 

RAN1#107 has endorsed the following CR R1-2112956 including the clause.
[bookmark: _Hlk89981400]8.1.5A	UE procedure for determining slots and resource blocks indicated by a preferred or non-preferred resource set
The set of slots and resource blocks indicated by a set of preferred or non-preferred resource(s) is determined as described below. 
The set of preferred or non-preferred resources , , is indicated by  triplets , , with the slot of the first resource location of each  separately indicated.  and  are interpreted according to clause 8.1.5, with the following modifications:
- “slot where SCI format 1-A was received” is replaced by slot indicated as the first resource location of a .
- “Received SCI format 1-A” is replaced by .
When the set is a preferred resource set, if the transmission of the set was triggered by an explicit request, the resource reservation interval  is omitted.

Observation 2: The signalling of the IUC response from UE-A to UE-B (and hence the MAC CE design) depends on whether UE-A’s proposal is a set of preferred resources or non-preferred resources.

Observation 3A: The The set of preferred resources , , is indicated by  duplets , , with the slot of the first resource location of each  separately indicated. 

Observation 3B: The set of non-preferred resources , , is indicated by  triplets , , with the slot of the first resource location of each  separately indicated.

For RAN2 to design a suitable MAC CE for the IUC response message (either duplet or triplet) from UE-A to UE-B, we discuss the in the following the size of the TRIV/FRIV pairs. The determination of the TRIV/FRIV is defined in TS 38.214 section 8.1.5 UE procedure for determining slots and resource blocks for PSSCH transmission associated with an SCI format 1-A, while the size of TRIV/FRIV is stated in TS 38.212

TRIV: 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of TS 38.214.

FRIV: log2(NsubCh(NsubCh+1)/2) bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise log2(NsubCh(NsubCh+1)(2NsubCh+1)/6) bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 TS 38.214.

Prsvp: Resource reservation period log2(𝑁rsv_period) bits as defined in clause 16.4 of 38.213, where 𝑁rsv_period is the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter sl-MultiReserveResource is configured; 0 bit otherwise. As per field description in TS3 38.331 sl-ResourceReservePeriodList defines the set of possible resource reservation period allowed in the resource pool in the unit of ms. Up to 16 values can be configured per resource pool.

Observation 4: The size of the TRIV/FRIV and Prsvp values is variable. 
To determine the maximum value for TRIV and FRIV one need to consider the maximum number of resource reservations and
- the maximum number of subchannels of 27 to calculate FRIV: log2((27 x 28 x 55)/6)=12.76bits
- the maximum number of combinations for all possible TRIV values log2(nchoosek(31,2)+31+1)= log2(497)=8.96bits
The maximum length of Prsv_period is 4bits.

Observation 5A: The maximum length/size of TRIV is 9bits.  
Observation 5B: The maximum length/size of FRIV is 13bits.  
Observation 5C: The maximum length/size of Prsv_period is 4bits.  

If RAN2 would decide on a fixed MAC CE design for IUC scheme 1 response, RAN2 would need to reserve the maximum total size of 9+13=22bits for a single TRIV/FRIV pair (signalling the set of preferred resources) and 9+13+4=26bits for a single TRIV/FRIV/Prsv_period triplet (signalling the set of non-preferred resources). That would lead to a significant resource waste if the size of FRIV value is for example smaller than 13bits. Furthermore, since the fields in a MAC CE are typically byte-aligned (i.e. multiples of one octet) further fragmentation and resource waste needs to be considered. Let us illustrate this aspect in Fig. 2.1-1 below: As TRIV is always 9bits, already a single TRIV entry in the MAC CE destroys the byte aligned design. One could for example concatenate multiple of 8 TRIVs in 9 octets to achieve byte-aligned design. If TRIV/FRIV is arranged as pair (such as in Fig. 2.1.-1) one may argue to limit the size of the FRIV value such to achieve byte alignment together with the 9bit TRIV (e.g. if FRIV is limited to 7 bits), however this would restrict the number of indicated subchannels as listed in Table 2.1.-1
For a FRIV value limited to 7bits, UE-A can only indicate up to 7 subchannels.

Table 2.1-1: FRIV size as function of Nsubch
	Nsubch
	Num of FRIV values
	log2(num of FRIVs)
	FRIV size

	2
	5
	2,321928095
	3bits

	3
	14
	3,807354922
	4bits

	4
	30
	4,906890596
	5bits

	5
	55
	5,781359714
	6bits

	6
	91
	6,50779464
	7bits

	7
	140
	7,129283017
	8bits

	8
	204
	7,672425342
	8bits

	9
	285
	8,154818109
	9bits

	10
	385
	8,588714636
	9bits

	11
	506
	8,982993575
	9bits

	12
	650
	9,344295908
	10bits

	13
	819
	9,677719642
	10bits

	14
	1015
	9,987264012
	10bits

	15
	1240
	10,27612441
	11bits

	16
	1496
	10,54689446
	11bits

	17
	1785
	10,80170836
	11bits

	18
	2109
	11,04234338
	12bits

	19
	2470
	11,27029533
	12bits

	20
	2870
	11,48683502
	12bits

	21
	3311
	11,6930513
	12bits

	22
	3795
	11,88988417
	12bits

	23
	4324
	12,07815081
	13bits

	24
	4900
	12,25856603
	13bits

	25
	5525
	12,43175875
	13bits

	26
	6201
	12,59828517
	13bits

	27
	6930
	12,75863964
	13bits



Figure 2.1-1: MAC CE for IUC scheme1 signaling preferred set of resources 
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Figure 2.1.-1 shows the example of arranging TRIV/FRIV pairs (with TRIV=9bits and FRIV=13bits) that result in 2 unused bits for byte-alignment for each TRIV/FRIV pair that is used for the IUC scheme 1 referring to the preferred set of (sidelink) resources. If the non-preferred resources are to be signalled in UE-A’s IUC rsponse the triplet of TRIV/FRIV/Prsv_period (instead of TRIV/FRIV pair) is used as shown in Fig. 2.1-2 with TRIV=9bits, FRIV=13bits, Prsv_period=4bits. Since Prsv_period=4bits (TRIV always 9bits) the FRIV size may be limited to 11bits to achieve byte-aligned triplet spanning 3 octets. 
For a FRIV value limited to 11bits, UE-A can only indicate up to 17 subchannels.

Figure 2.1-2: MAC CE for IUC scheme1 signaling non-preferred set of resources 
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Proposal 2: For a resource efficient signalling RAN2 needs to design a flexible MAC CE for various formats of the IUC scheme 1 response. 
Proposal 3a: RAN2 to avoid a MAC CE for IUC scheme 1 response with fixed size (covering the maximum possible length) for the entries of the TRIV/FRIV pairs in the MAC CE for IUC preferred resources.  
Proposal 3b: RAN2 to avoid a MAC CE for IUC scheme 1 response with fixed size (covering the maximum possible length) for the entries of the TRIV/FRIV/ Prsv_period triplet in the MAC CE for IUC non-preferred resources.
In some scenarios (e.g. sidelink channels with low or moderate traffic), it is very likely that UE-A will always recommend the same set of resources or similar set of resources with minimal change with respect to the previously indicated recommendation. Thus, a UE-A can signal to UE-B to reuse the previous recommendation in order to save signalling overhead. Instead of repeating the signalling of all TRIV/FRIV pairs again, UE-A can simply indicate which previously signalled set of resources to reuse.
Proposal 4: RAN2 to design MAC CE with reuse indication of TRIV and FRIV.
2.2	RSRP threshold increase for IUC scheme 1 response
In RAN1#107 it was discussed whether to introduce a maximum limit of RSRP threshold increase.
For Condition 1-A-1 of Scheme 1, when UE-A determines the set of resources preferred for UE-B’s transmission, apply RSRP threshold increase in the same way according to Rel-16 TS 38.214 Section 8.1.4.
FFS: Whether/how to introduce the maximum limit of RSRP threshold increase
The underlying situation is that UE-A can not find (enough) suitable resources (i.e. set of preferred resource with low enough interference level) for UE-B’s request and consequently needs to adapt the RSRP threshold. The trade-off for UE-A is to increases the RSRP threshold in order to find/propose (enough) sidelink resources with the expense of a higher interference level on the proposed resources. Obviously, the benefit of introducing a RSRP threshold increase is higher probability for UE-A to find sidelink resources upon UE-B’s IUC request (especially in scenario with high CBR), while the drawback is that these (sidelink) resources come along with higher interference level and may degrade the overall system throughput.
One solution to resolve the conflict between finding enough sidelink resources for UE-B’s IUC request and still maintain a moderate interference level on the selected resources is the introduce a RSRP threshold increase that is not fixed, but rather dependent on the MCS, priority, and resource overlap.
Proposal 5: RAN2 to agree that RSRP threshold increase for IUC scheme 1 should be dependent on selected MCS, priority of UE-B’s transmission and resource overlap.  
Proposal 6: RAN2 to discuss a table for the RSRP increase (for IUC scheme 1)  
Proposal 7: RAN2 to define a maximum RSRP value for resource selection in IUC scheme 1. 
2.3	IUC request message for IUC scheme 1 
In RAN1#107 it has been agreed that UE-B’s IUC request will contain the number of requested subchannels L for UE-B’s transmission:
For Scheme 1, at least following parameters are provided by UE-B’s request:
· Priority value to be used for PSCCH/PSSCH transmission 
· Number of sub-channels to be used for PSSCH/PSCCH transmission in a slot
· Resource reservation interval 

Hence UE-A only knows how many contiguous subchannels L it needs to find/propose for an intended single slot transmission by UE-B. In congested scenarios it is beneficial for UE-A to have additional information on the intended transmission by UE-B such as UE-B’s TB size and UE-B’s selected MCS. That will facilitate UE-A a higher probability of proposing suitable resources especially in sidelink scenarios with high CBR.

Proposal 8: The IUC request message may contain the UE-B’s TB size.
Proposal 9: The IUC request message may contain the UE-B’s selected MCS.
3	Signalling aspects for IUC scheme 2
3.1	Additional criteria for resource conflict determination in IUC scheme 2 
In IUC Scheme 2, UE-A may detect overlapping resource reservations by two or more UEs and indicate the presence of an expected/potential resource conflict as illustrated in Figure 1.
Figure 3.1-1: Overlapping resource reservations may trigger UE-A to indicate a potential resource conflict before the conflict occurs
[image: ]

Regarding determination of resource(s) where expected/potential resource conflict occurs, RAN1 has made the following working assumption in agenda 8.11.1.2 of RAN1#107-e (R1-2112756): 
	· Working Assumption:
· A resource pool level (pre-)configuration can enable one of the following options: 
· Option 1:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for UE-B and other UE respectively
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for other UE and UE-B respectively
· Option 4:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of the resource(s). 
· Support of Option 4 is subject to UE capability
· FFS: Whether/how RSRP threshold depends on priority, MCS, overlap



As per the working assumption, in case of option 1, UE-A may indicate a resource conflict when the RSRP measurement of interfering transmission in the reserved resource(s) is above a certain priority-dependent RSRP threshold. For example, when UE-A is a destination UE of a TB transmitted by UE-B1 in Figure 1, UE-A indicates a resource conflict if RSRP associated with transmitter UE-B2 i.e., RSRPB2 (dBm) > RSRP_ThresholdO1 (dBm). Whereas, in case of option 4, UE-A may indicate a resource conflict when the RSRP difference (i.e., RSRPB2 (dBm)-RSRPB1 (dBm)) in dB is above a certain threshold. For example, when UE-A is a destination UE of a TB transmitted by UE-B1 in Figure 1, UE-A indicates a resource conflict if RSRPB2 (dBm) > ThresholdO4 (dB)+ RSRPB1 (dBm). Here, this may also be viewed as a rough estimate of the expected signal-to-interference ratio (SIR) at UE-A when considering the RSRP difference RSRPB1 (dBm)-RSRPB2 (dBm)), and a resource conflict is indicated if the (estimated) expected SIR for UE-A’s reception is below the corresponding threshold. 
However, whether an actual resource conflict occurs depends on how robust UE-B’s transmission is (i.e., the MCS used). If the threshold(s) are (pre)configured with single value(s), there may be false alarms (i.e., a resource conflict is indicated by UE-A even though UE-B’s MCS is robust enough to handle the interference) as well as missed conflicts (i.e., a resource conflict is not indicated even though UE-B’s MCS is not robust enough to handle the interference).

Observation 6: UE-A may indicate resource conflict(s) in IUC scheme 2 even though UE-B’s MCS is robust enough to handle the interference when the RSRP threshold(s) are (pre)configured with single value(s).
To this end, the RSRP threshold(s) may be configured to be MCS-dependent, e.g., by means of an RRC table. For example, the RRC table may indicate a different threshold value to be used by UE-A depending on the MCS indicated by UE-B’s SCI, such that higher MCS values (i.e., less robust) correspond to lower threshold values (i.e., resource conflict indication may be triggered for even lower interference in option 1 or higher SIR in option 4). Then, if UE-B indicates that a robust MCS will be used for its transmission to UE-A, UE-A may apply a smaller RSRP threshold in conflict determination. Conversely, if it indicates a weak MCS, UE-A may apply a larger threshold.
Proposal 10: Consider MCS-dependent RSRP threshold(s) in determining resource conflict in IUC scheme 2. 
Furthermore, if the number of overlapping subchannels is a small fraction of the total number of subchannels used for UE-B’s transmission, the actual interference may be sufficiently low for UE-A’s successful reception for a given MCS. On the other hand, if the number of overlapping subchannels is a large fraction of the total number of subchannels used for UE-B’s transmission, the actual interference may be sufficiently high to disrupt UE-A’s reception for a given MCS. Hence, this may also cause inefficient operation of IUC scheme 2 if the RSRP threshold(s) are (pre)configured with single value(s) since UE-A may indicate resource conflict even when the number of overlapping subchannels is a small fraction of the total number of subchannels used for UE-B’s transmission and hence the actual interference may be sufficiently low for UE-A’s successful reception.

Observation 7: UE-A may indicate resource conflict even when the number of overlapping subchannels is a small fraction of the total number of subchannels used for UE-B’s transmission and hence the actual interference may be sufficiently low for UE-A’s successful reception. 
Therefore, in addition to MCS, the threshold may depend on the fraction of overlapping subchannels. In particular, the threshold may be directly proportional to the fraction of overlapping subchannels. For instance, referring to Figure 1, if only half of UE-B1’s reserved subchannels overlap with UE-B2’s, the threshold may be increased by 3dB, thus requiring an RSRPB2 (dBm) twice as high (3dB) for UE-A to trigger a resource conflict indication.
Proposal 11: Consider fraction of overlapping subchannels dependent RSRP threshold(s) in determining resource conflict in IUC scheme 2.
4	Conclusion
This documents has made the following observations and proposals:
Observation 1: RAN1 has agreed that MAC CE is always used as container to signal the set of preferred/non-preferred resources from UE-A to UE-B (regardless of the number N of TRIV/FRIV combinations).

Proposal 1: RAN2 to define a MAC CE that signals the IUC scheme 1 response from UE-A to UE-B. 

Observation 2: The signalling of the IUC response from UE-A to UE-B (and hence the MAC CE design) depends on whether UE-A’s proposal is a set of preferred resources or non-preferred resources.

Observation 3A: The The set of preferred resources , , is indicated by  duplets , , with the slot of the first resource location of each  separately indicated. 
Observation 3B: The set of non-preferred resources , , is indicated by  triplets , , with the slot of the first resource location of each  separately indicated.

Observation 4: The size of the TRIV/FRIV and Prsvp values is variable. 
Observation 5A: The maximum length/size of TRIV is 9bits.  
Observation 5B: The maximum length/size of FRIV is 13bits.  
Observation 5C: The maximum length/size of Prsv_period is 4bits.  

Proposal 2: For a resource efficient signalling RAN2 needs to design a flexible MAC CE for various formats of the IUC scheme 1 response. 
Proposal 3a: RAN2 to avoid a MAC CE for IUC scheme 1 response with fixed size (covering the maximum possible length) for the entries of the TRIV/FRIV pairs in the MAC CE for IUC preferred resources.  
Proposal 3b: RAN2 to avoid a MAC CE for IUC scheme 1 response with fixed size (covering the maximum possible length) for the entries of the TRIV/FRIV/ Prsv_period triplet in the MAC CE for IUC non-preferred resources.

Proposal 4: RAN2 to design MAC CE with reuse indication of TRIV and FRIV.
Proposal 5: RAN2 to agree that RSRP threshold increase for IUC scheme 1 should be dependent on selected MCS, priority of UE-B’s transmission and resource overlap.  
Proposal 6: RAN2 to discuss a table for the RSRP increase (for IUC scheme 1)  
Proposal 7: RAN2 to define a maximum RSRP value for resource selection in IUC scheme 1. 
Proposal 8: The IUC request message may contain the UE-B’s TB size.
Proposal 9: The IUC request message may contain the UE-B’s selected MCS.
Observation 6: UE-A may indicate resource conflict(s) I IUC scheme 2 even though UE-B’s MCS is robust enough to handle the interference when the RSRP threshold(s) are (pre)configured with single value(s).
Proposal 10: Consider MCS-dependent RSRP threshold(s) in determining resource conflict in IUC scheme 2. 
Observation 7: UE-A may indicate resource conflict even when the number of overlapping subchannels is a small fraction of the total number of subchannels used for UE-B’s transmission and hence the actual interference may be sufficiently low for UE-A’s successful reception. 
Proposal 11: Consider fraction of overlapping subchannels dependent RSRP threshold(s) in determining resource conflict in IUC scheme 2.
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