3GPP TSG-RAN WG1 Meeting #109-e	R1-2203093
e-Meeting, May 9 – May 20, 2022

Agenda Item:	8.11.2
Source:	Huawei, HiSilicon
[bookmark: _GoBack]Title:	Remaining issues on Inter-UE coordination in sidelink resource allocation
Document for:	Discussion and Decision

1 Introduction
In this contribution, we provide our views on remaining issues (including two issues listed in the SR [1]) on inter-UE coordination in sidelink resource allocation and provide associated text proposals for missing or incorrectly captured agreements in Rel-17 specifications.
2 Discussions
Finalization of UE-B’s behavior when it receives both preferred and non-preferred resource set from the same UE-A or different UE-As
In RAN1#108-e [2], the following agreements on UE-B’s behavior when it receives preferred and/or non-preferred resource from the same or different UE-As are made:
	Agreement:
· For UE-B’s behavior when UE-B receives multiple preferred resource sets from the same UE-A
· It is up to UE-B implementation to use one or multiple of them in its resource (re)selection
· Conclusion: UE-B’s behavior when UE-B receives multiple non-preferred resource sets from the same UE-A 
· No RAN1 specification change to TS38.214 is deemed necessary in RAN1#108-e
· For UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set from the same UE-A
· FFS: It is up to UE-B implementation to use one or multiple of them in its resource (re)selection
Agreement:
· For UE-B’s behavior when UE-B receives multiple preferred resource sets from the different UE-As,
· UE-B uses each received preferred resource set for its resource selection for each TB to be transmitted to each UE-A providing the preferred resource set.
· Conclusion: UE-B’s behavior when UE-B receives multiple non-preferred resource sets from the different UE-As.
· No RAN1 specification change to TS38.214 is deemed necessary in RAN1#108-e (except for the processing timeline)
· For UE-B’s behavior when UE-B receives both a single preferred resource set and a single non-preferred resource set from the different UE-As, 
· FFS: It is up to UE-B implementation to use one or multiple of them in its resource (re)selection



According to the current specifications, when UE-B receives a preferred and a non-preferred resource set from either the same UE-A or different UE-As, PHY and MAC layer proceeds as follows: 
· PHY layer proceeds with sensing and resource exclusion procedure, and excludes non-preferred resource(s) after step 6 before reporting S_A to MAC layer (see step 6b) in clause 8.1.4 of TS 38.214);
· MAC layer proceeds with resource selection procedure, and takes into account preferred resource set, i.e., MAC layer firstly selects resources from intersection of preferred resource set and S_A provided by PHY layer, and then selects resources from S_A provided by PHY layer if there is no sufficient resources within the intersection (see clause 5.22.1.1 of TS 38.321).
For example:
· Assume UE-B received a preferred resource set including resources {R1, R2}, and received a non-preferred resource set including resources {R3, R4}
· Assume TX resource (re-)selection check procedure is triggered at slot n
· Then, PHY layer preforms resource exclusion as per clause 8.1.4 of TS 38.214. Assume UE-B’s original S_A is {R1, R2, R3, R4, R5, R6, …} as per R16 sensing procedure. Then, as per step 6b) in latest TS 38.214 clause 8.1.4, UE-B excludes non-preferred resources from S_A. So the final reported S_A to MAC layer is {R1, R2, R5, R6, …} (i.e., excluding R3, R4)
· Then, MAC layer firstly selects resources from intersection, i.e., {R1, R2}. If not enough, MAC layer further selects resources from S_A.
In summary, when UE-B receives both a single preferred resource set and a single non-preferred resource set, PHY layer and MAC layer proceed as above, current RAN1/RAN2 specifications work well, so no further agreements or specification updates are needed.
Observation 1: When UE-B receives both a single preferred resource set and a single non-preferred resource set from the same UE-A or different UE-As, no further agreements or specification updates are needed.

Finalization of relationship between start/end slots of resource selection window for IUC transmission and that for determining the set of resources
Reason for change:
In RAN1#108-e [2], the following agreement on start/end slots of resource selection window for determining the set of resources and that for sidelink transmission carrying inter-UE coordination information is made:
	Agreement:
· Notations:
· (n+T_1) – Start slot of resource selection window for determining the set of resources
· For inter-UE coordination information triggered by UE-B’s explicit request, this value of (n+T_1) is provided by UE-B’s request as per the existing agreement
· For inter-UE coordination information triggered by a condition other than explicit request reception, this value of (n+T_1) is determined by UE-A’s implementation as per the existing agreement
· (n+T_2) – End slot of resource selection window for determining the set of resources
· For inter-UE coordination information triggered by UE-B’s explicit request, this value of (n+T_2) is provided by UE-B’s request as per the existing agreement
· For inter-UE coordination information triggered by a condition other than explicit request reception, this value of (n+T_2) is determined by UE-A’s implementation as per the existing agreement
· (n’+T’_1) – Start slot of resource selection window used for sidelink transmission carrying inter-UE coordination information
· (n’+T’_2) – End slot of resource selection window used for sidelink transmission carrying inter-UE coordination information
· n' is the slot where UE procedure of determining TX resources of sidelink transmission carrying inter-UE coordination information is triggered
· For inter-UE coordination information triggered by UE-B’s explicit request 
· Alt 1-1: 
· X1 ≤ (n’+T’_1)
· (n’+T’_2) ≤ X2
· For inter-UE coordination information triggered by a condition other than explicit request reception,
· Alt 2-2:
· (n’+T’_2) < X3
· FFS: Values for X1, X2, X3



Based on the agreement/FFS above, values for X1, X2, X3 should be decided to determine the relationship between the two resource selection windows. The basic requirement is that UE-A needs to ensure the IUC is sent before the 1st preferred/non-preferred resource conveyed by it to avoid being outdated. Therefore, as shown in Figure 1, a straightforward way to fulfill the requirement is and  where  reflects UE-B’s processing time. Similarly, . 
In addition, it should be strict inequality in both cases, i.e.,  rather than “”. Because as defined in TS 38.214, the sensing window is defined by the range of slots [), which means strict inequality. Note that Rel-16 restrictions on  still apply here, i.e.,  is up to UE implementation subject to    remaining packet delay budget (in slots) and   as specified in TS 38.214 section 8.1.4.
[image: ]
Figure 1. Timing relationships between the resource selection windows.
Regarding other alternatives that were discussed during RAN1#108-e, e.g., alternatives in Q7-1 of Section 7.1 of FL summary [2], the main problem is the two resource selection windows may overlap, e.g., the resource selection window for IUC information transmission may locate within the resource selection window for determining the set of resources as shown in Figure 2. In such case, the preferred/non-preferred resources could be prior to the slot of IUC transmission, and thus being outdated when UE-B receives such IUC and is unreasonable.
 [image: ]
Figure 2. An example that resource selection window for IUC information transmission locates within the resource selection window for determining the set of resources
Summary of change:
Specify the timing relationships between the resource selection window for determining the set of resources and the resource selection window for transmitting IUC information, such that the IUC is sent strictly before the first preferred/non-preferred resource it conveys. 
Consequence if not approved:
The timing relationships between the resource selection window for determining the set of resources and the resource selection window for transmitting IUC information is unclear.
Proposal 1: For scheme 1 inter-UE coordination information, for both triggered by UE-B’s explicit request and triggered by a condition other than explicit request reception, 
·  
· 
· Note that Rel-16 restrictions on  still apply, i.e.,  is up to UE implementation subject to    remaining packet delay budget (in slots) and   as specified in TS 38.214 section 8.1.4

We provide the Text Proposal for section 8.1.4A of TS 38.214 below.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
8.1.4A	UE procedure for determining a set of preferred or non-preferred resources for another UE's transmission
When this procedure is triggered, the following parameters are provided by the higher layer:
-	the resource pool from which the preferred or non-preferred resources are to be determined;
-	the resource selection window  within which the preferred or non-preferred resources are to be determined;, where
· ,
·  and  are the start and end slot of resource selection window used for sidelink transmission carrying inter-UE coordination information, 
· is up to UE implementation subject to    remaining packet delay budget (in slots) and   as specified in clause 8.1.4;
-	the resource set type (either preferred or non-preferred resource set);
-	if the resource set type indicates preferred set, then the higher layer additionally provides the following parameters:
-	L1 priority, ;
-	the number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, ;
-	the resource reservation period, , if present.
The value of  is determined by the UE according to clause 8.1.5.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

2.1 Discussion on the definition of ‘valid PSFCH occasion’ for scheme 2
Reason for change:
In RAN1#108-e [2], the following agreement is made:
	Agreement:
Confirm the following working assumption with modification in RED. Note that the terminology of “indicationUEB flag” means the indication of whether UE scheduling a conflict TB can be UE-B or not.
· Working Assumption:
· For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, 
· for each pair of UEs scheduling the conflicting TBs whose PSFCH occasions for resource conflict indication are not yet passed and indicationUEB flag is set to 1 if the higher parameter of indicationUEBScheme2 is (pre)configured to ‘Enabled’, a UE with the higher priority value is UE-B. When the UEs in the pair have the same priority value, UE-A determines one of the UEs to be UE-B by its implementation. 
· UE-A considers the SCIs received earlier than or equal to sl-MinTimeGapPSFCH before the PSFCH occasion for conflict indication when determining UE-B.



According to the agreement, in order to be UE-B, the PSFCH occasions for resource conflict information of each pair of UEs should not be passed. In current TS 38.213, “valid” is used to describe this condition, but there is no meaning given to the word, and interpretations may differ when implementing the specification. Therefore, “not passed” should be captured as in agreement.
Summary of change:
Correct description by replacing “valid” with “not passed”.
Consequence if not approved:
No definition given of when a PSFCH occasion is considered “valid”, risking differing interpretations among UEs.
Proposal 2: Correct description by replacing “valid” with “not passed”.
We provide the Text Proposal for section 16.3.0 of TS 38.213 below:
---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
[bookmark: _Toc99993867]16.3.0  UE procedure for transmitting PSFCH with control information
< Unchanged parts are omitted >
A first UE determines a UE for providing the conflict information to in a PSFCH as follows
-	if, for a resource pool, typeAUEScheme2 is disabled, the first UE has been indicated a first reserved resource and a second reserved resource as resources for PSSCH reception or, if for a resource pool typeAUEScheme2 is enabled, has been indicated at least the first reserved resource or the second reserved resource for PSSCH reception,
-	detects a first SCI format 1-A that includes a first priority value, , and the first reserved resource for PSSCH transmission from a second UE,
-	detects a second SCI format 1-A that includes a second priority value, , and the second reserved resource for PSSCH transmission from a third UE, and
[bookmark: _Hlk88594368]-	determines that the first and second resources overlap in time and frequency
-	the PSFCH occasions for resource conflict information of the second UE and the third UE are validnot passed
-	the indicationUEB flag in SCI Format 1-A from the second UE and the third UE is set to 1, if indicationUEBScheme2 = 'enabled' 
-	determines the first SCI format 1-A and the second SCI format 1-A are not received later than sl-MinTimeGapPSFCH before the PSFCH occasion for conflict information
-	determines to transmit to the second UE the PSFCH with the conflict information
-	determines to transmit to either the second UE or the third UE the PSFCH with the conflict information, if 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

2.2 Delivery of non-preferred resource set from MAC layer
Reason for change:
In TS 38.214 clause 8.1.4, it is clearly stated that higher layer provides a set of resources for PHY layer to perform re-evaluation and pre-emption checking, i.e.,  and . Similar operation should be applied for Rel-17 when PHY needs to exclude non-preferred resources from its sensing and resource exclusion procedure. However, such description is missing from current specification.
Summary of change:
Clarify that higher layer provides the set of non-preferred resources to PHY layer for step 6b).
Consequence if not approved:
It’s unclear where does non-preferred resource set in step 6b) come from.
Proposal 3: Clarify that higher layer provides the set of non-preferred resources to PHY layer for step 6b). 
We provide the Text Proposal for section 8.1.4C of TS 38.214 below:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
8.1.4C	UE procedure for using a received non-preferred resource set 
A UE configured with the higher layer parameter interUECoordinationScheme1 uses a received non-preferred resource set as follows when performing resource (re-)selection:
-	the UE excludes in Step 6b) of clause 8.1.4 resource(s) overlapping with the non-preferred resource set provided by higher layer.
Note: If it is not possible to meet the requirement that the number of candidate single-slot resources remaining in the set  be at least  after excluding resource(s) overlapping with the received non-preferred resource set, it is up to UE implementation whether or not to take into account the received non-preferred resource set to meet such requirement.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

Condition to be UE-A for Scheme 1 “explicit request-based, non-preferred resource” case
Reason for change:
In RAN1#106-e [3], the following agreement is made:
	Agreement:
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B



As per agreement in RAN1#106-e, a destination UE of a TB transmitted by UE-B can be UE-A for explicit request-based scheme 1. For preferred resource set case, MAC spec has already captured this in section 5.22.1.1 of TS 38.321 as shown in the following (see cyan part below):
[bookmark: _Toc100872055][bookmark: _Toc52796535][bookmark: _Toc52752073][bookmark: _Toc46490378][bookmark: _Toc37296249][bookmark: _Toc12569232]5.22.1.1	SL Grant reception and SCI transmission
<other parts are omitted>
3>	if configured by RRC, interUECoordinationScheme1Explicit or interUECoordinationScheme1Condition enabling reception of preferred resource set and non-preferred resource set and when the UE does not have own sensing result as specified in clause 8.1.4 of TS 38.214 [7] and if a preferred resource set is received from a UE:
4>	randomly select the time and frequency resources for one transmission opportunity from the resources belonging to the received preferred resource set for a MAC PDU to be transmitted to the UE providing the preferred resource set, according to the amount of selected frequency resources and the remaining PDB of SL data available in the logical channel(s) allowed on the carrier.
<other parts are omitted>
However, the case of non-preferred resource is not captured yet. Given that non-preferred resource is handled in PHY during sensing and resource exclusion procedure, it is preferred this agreement should be captured in PHY. 
Summary of change:
When inter-UE coordination information is triggered by an explicit request from the UE-B and UE-A determines non-preferred resource for UE-B, clarify that UE-A is the destination UE of a TB transmitted by UE-B.
Consequence if not approved:
RAN1 agreement is not fully captured, i.e., it’s missing in specification that UE-A needs to be the destination UE of a TB transmitted by UE-B for Scheme 1 “explicit request-based, non-preferred resource” case.

Proposal 4: When inter-UE coordination information is triggered by an explicit request from the UE-B and UE-A determines non-preferred resource for UE-B, clarify that UE-A is the destination UE of a TB transmitted by UE-B.

We provide the Text Proposal for section 8.1.4A of TS 38.214 below:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
[bookmark: _Toc100147466]8.1.4A	UE procedure for determining a set of preferred or non-preferred resources for another UE's transmission
< Unchanged parts are omitted >
When this procedure is triggered by another UE's explicit request, the fields in the request are interpreted as follows:
-	The field 'Resource selection window location' is the concatenation of the starting time location and the ending time location of the resource selection window. The starting and ending time locations of the resource selection window are each encoded in the same way as the reference slot as described in clause 8.1.5A.
-	The field 'Resource reservation period' is encoded in the same way as the field of the same name in SCI format 1-A.
When this procedure is triggered by another UE's explicit request, a non-preferred resource set shall be determined only if the UE is a destination UE of a TB to be transmitted by the UE which transmitted the explicit request.
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:
-	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 condition1A2Scheme1Disabled is not set to 'Disabled'.
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): 
[bookmark: _Hlk86966259]-	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 thresholdRSRPCondition1B1Option1Scheme1, 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 thresholdRSRPCondition1B1Option2Scheme1, 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.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

3 Conclusions
In addition to the Text Proposals given, we have made following observation and proposals:

Observation 1: When UE-B receives both a single preferred resource set and a single non-preferred resource set from the same UE-A or different UE-As, no further agreements or specification updates are needed.

Proposal 1: For scheme 1 inter-UE coordination information, for both triggered by UE-B’s explicit request and triggered by a condition other than explicit request reception, 
·  
· 
· Note that Rel-16 restrictions on  still apply, i.e.,  is up to UE implementation subject to    remaining packet delay budget (in slots) and   as specified in TS 38.214 section 8.1.4

Proposal 2: Correct description by replacing “valid” with “not passed”.

Proposal 3: Clarify that higher layer provides the set of non-preferred resources to PHY layer for step 6b). 

Proposal 4: When inter-UE coordination information is triggered by an explicit request from the UE-B and UE-A determines non-preferred resource for UE-B, clarify that UE-A is the destination UE of a TB transmitted by UE-B.
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