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Introduction

In this contribution, we discuss some RAN2 related inter-UE coordination issues.
Discussion
Based on current RAN1’s progress, RAN1 has not finished the inter-UE coordination design. However, considering the limited time budget of R17, it’s better to discuss RAN2 related issues first based current RAN1’s progress. 

Overview on RAN1’s progress
Considering that RAN2’s work for inter-UE coordination are depend on RAN1’s process, so before discussing the RAN2 related topic, we will give an overview on important RAN1’s conclusion firstly.
According to the latest RAN1’s conclusion, inter-UE coordination information reported from UE-A to UE-B includes at least one of following:

Preferred resource: the resource preferred for UE-B’s transmission

Non-preferred resource: the resource non-preferred for UE-B’s transmission

Collide resources: resource reserved by UE-B collide with other UE’s reserved resource.
Two schemes are supported to perform inter-UE coordintion:

Scheme1: preferred or non-preferred resources are reported to UE-B via MAC CE or SCI.

Scheme2: detected collide resources are reported to UE-B via PSFCH resource.

And scheme1 can be further divided into two different types:

Triggered based scheme1: UE-A reports the inter-UE coordination information after receiving the UE-B’s request explicitly.

Conditional based scheme1:  UE-A reports the inter-UE coordination information based on some pre-defined conditions without UE-B's request explicitly.
Based on above agreements, we will further discuss the impacts on RAN2.
Resource pool selection
For Scheme 1, the related RAN1’s agreements are listed as following: 
	For inter-UE coordination information triggered by an explicit request in Scheme 1,
UE-A uses a TX resource pool used for UE-B’s request transmission to determine the set of resources and to transmit the set of resources to UE-B
For inter-UE coordination information triggered by a condition rather than request reception in Scheme 1,

UE-A transmitting in a resource pool provides inter-UE coordination information associated with the same resource pool


According to current 38.321 specification, if a mode 2 UE is configured with multiple transmission resource pools, it will only consider whether PSFCH resources is configured when it selects resource pool. Thus,based on current specification, it can be ensured that a mode 2 UE will select a suitable resource pool to fulfill above RAN1’s decision.
	2>
if the MAC entity has not selected a pool of resources allowed for the logical channel:

3>
if sl-HARQ-FeedbackEnabled is set to enabled for the logical channel:

4>
select any pool of resources configured with PSFCH resources among the pools of resources;

3>
else:

4>
select any pool of resources among the pools of resources;

2>
perform the TX resource (re-)selection check on the selected pool of resources as specified in clause 5.22.1.2;




Therefore, resource pool selection procedure shall be enhanced.
Observation1: Based on current MAC specification,  a mode 2 UE only considers whether PSFCH resources is configured when it selects resource pool. However according to RAN1’s agreement, a UE-A use the same resource pool that is associated to inter-UE coordination information to transfer the set of resource.

Proposal1: For a mode 2 UE-A,  resource pool selection schemes shall be enhanced to support inter-UE coordination scheme1
For Scheme 2, the related RAN1’s agreements are listed as following: 
	Conclusion
For Scheme 2, the values of the following parameters are the same as those for SL HARQ-ACK feedback in the same resource pool
Period of PSFCH resources (sl-PSFCH-Period)
Number of cyclic shift pairs used for a PSFCH transmission that can be multiplexed in a PRB (sl-NumMuxCS-Pair)

Number of PSFCH resources available for multiplexing information in a PSFCH transmission (sl-PSFCH-CandidateResourceType)


As we know, UE can be configured with resource pool with PSFCH resource for HARQ feedback. However according to above agreements and higher layer parameters list from RAN1[1], it can be observed that the PSFCH resource for scheme2 is independent of PSFCH resource for HARQ feedback. And the PSFCH for scheme2 is also configured per resource pool.

Therefore, it is reasonable that if UE-B prefer to use scheme2 for inter-UE coordination, it shall select a resource pool configured with PSFCH for scheme2.
Proposal2：If UE-B select scheme2 for inter-UE coordination, UE-B should select the resource pool configured with PSFCH for scheme2.
MAC CE design
According to the latest RAN1’s LS[2], a new MAC CE is used to transfer the preferred or non-preferred resources set to UE-B:

	RAN1 has agreed a list of Rel-17 work item impacts on MAC Control Elements. RAN1 would like to make the following points in addition to the list:

-RAN1 may see the need for additional MAC-CE impacts. RAN1 will continue working on consolidating them and will share the corresponding updates in the next RAN1 meeting.

-RAN1 intends to update the 38.21x series specifications with the MAC-CE names and field names RAN2 decides, where applicable.

-RAN1 would like to invite RAN2 to provide the corresponding updates to the MAC-CE names, field names and respective MAC-CE subclauses in the TS 38.321, when available.


Firstly, according to our understanding, to transmit the MAC CE to peer UE, some basic attributes related to UE-A sensing and LCP of the MAC CE needs to be discussed: priority,HARQ attribute, HARQ retransmission number,PDB.
Proposal3: RAN2 is suggested to discuss the priority,HARQ attribute, HARQ retransmission number,PDB of MAC CE for inter-UE coordination information.

Secondly, according to RAN1 design, inter-UE coordination information of shceme1 includes preferred and non-preferred resource. Therefore, after UE-B receives the inter-UE coordination information, whether the combination in inter-UE coordination information is a preferred or non-preferred resource needs to be indicated, so that UE-B can differentiate the type of received combinations.

Proposal4:It is suggested that the indication of whether the combination is preferred or non-preferred resource should be included in the MAC CE for inter-UE coordination information.

Thirdly, as we discussed in 2.3, not all resource pool can be used by MAC CE, in other words, this MAC may not use resource from any resource pool. Then how to perform LCP for this MAC CE needs to be discussed.
Proposal5: RAN2 is suggested to discuss how to perform LCP for the inter-UE coordination MAC CE.
Finally, in the RAN1’s LS[2], RAN1 invites RAN2 to provide the corresponding updates to the MAC-CE names, field names and respective MAC-CE subclauses, therefore the format and comtent of MAC CE for inter-UE coordination information should be discussed and prioritized.

According to RAN1’s agreements, N combinations of TRIV, FRIV, resource reservation period are included in the MAC CE. And the TRIV ,FRIV, and period. And the size of each field is determined as shown in following:  
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 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].

-
Time resource assignment – 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 [6, TS 38.214].

-
Resource reservation period –[image: image3.png][1ogs Nrey period|



 bits as defined in clause 16.4 of [5, TS 38.213], where [image: image4.png]Nirsv_period



 is the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter sl-MultiReserveResource is configured; 0 bit otherwise.
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 is the number of sub-channels in a resource pool provided according to the higher layer parameter sl-NumSubchannel


It can be observed that the size of TRIV, FRIV and period are not fixed and the corresponding size are determined by resource pool, for example:
The size of FRIV is determined by RRC parameters of sl-NumSubchannel and sl-MaxNumPerReserve which is configured per resource pool.
The size of TRIV is determined by RRC parameters of sl-MaxNumPerReserve which is configured per resource pool.
The size of period is determined by RRC parameters of sl-ResourceReservePeriodList which is configured per resource pool.
In other words, as long as the resource pool is determined, the size of TRIV, FRIV and period is determined. And according to RAN1 agreements, the resource pool for inter-UE coordination information generation is the same resource pool for MAC CE transmission.Therefore, after receiving the MAC CE from one resource pool, UE-B can derive the size of TRIV,FRIV, period by using the configuration of same resource pool.
Observation2: After receiving the MAC CE from one resource pool, UE-B derives the size of TRIV, or FRIV, or period by using the configuration of same resource pool.
Another important issues related to this MAC CE is the size of MAC CE. We can see that RAN1 does not limit how many combinations are included in the MAC CE. In case this MAC CE has higher priority than the STCH, then SL data may not have enough resource to transmit since the SL grant may be exhausted by this MAC CE. To solve this issue, following solutions can be considered:

Option1: At most N combinations can be included in the MAC CE with priority higher than the STCH.

Option2: This MAC CE has lower priority than STCH, then how many combinations are included in the MAC CE is determined by the size of SL grant and the size of each combination.

For option1, it is clear that signaling overhead issues is solved, however, if the SL grant is enough to transmit more combinations, option1 seems not efficient since some SL grant is wasted. For option2, signaling overhead issues is also solved. However, since MAC CE can only use padding bits, it is possible that none combinations can be multiplexed into the MAC PDU since the SL grant is exhausted by other high priority LCH. 

Similar issues also exits in SL-BSR. In R16, considering maximum number of destination for NR sidelink communication is 32, UE can send buffer size of up to 32 destination to gNB. In other words, without optimization, the SL-BSR may exhaust all Uu grant, and the normal Uu data with priority lower than SL-BSR may do not have enough reosurce to transmit.One candidate to solve this is deprioritize the priority of SL-BSR, however, this may cause buffer status of high LCH do not have chance to be reported to gNB. To balance the bufer status reporting of high priority SL-LCH and grant exhaustion, SL-BSR is divided into two different types with different priority: SL-BSR with buffer status of prioritized LCG and SL-BSR with buffer status of non-prioritized BSR, as shown in following:

	C-RNTI MAC CE or data from UL-CCCH;

-
Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;

-
Sidelink Configured Grant Confirmation MAC CE;

-
LBT failure MAC CE;

-
MAC CE for SL-BSR prioritized according to clause 5.22.1.6;
-
MAC CE for BSR, with exception of BSR included for padding;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;

-
MAC CE for the number of Desired Guard Symbols;

-
MAC CE for Pre-emptive BSR;

-
MAC CE for SL-BSR, with exception of SL-BSR prioritized according to clause 5.22.1.6 and SL-BSR included for padding;
-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for Recommended bit rate query;

-
MAC CE for BSR included for padding;

-
MAC CE for SL-BSR included for padding.


Observation3:  To balance the buffer status reporting of high priority SL-LCH and grant exhaustion, SL-BSR is divided into two types with different priority: SL-BSR with buffer status of prioritized LCG and SL-BSR with buffer status of non-prioritized BSR.
Therefore, similar principle can be applied on MAC CE for inter-UE coordination. To avoid SL grant exhaustion and to multiplex as much combinations  as possible into the MAC PDU, another option is supporting two types of MAC CE for inter-UE coordination: the MAC CE with priority higher than the STCH and lower than the STCH.

Proposal6：It is suggested that RAN2 discuss following options for MAC CE design:

Option1: At most N combinations can be included in the MAC CE with priority higher than the STCH.

Option2: MAC CE for inter-UE coordination information has lower priority than STCH, how many combinations are included in the MAC CE depends on coordination resource set received from PHY layer.

Option3: Combining the option1 and option2, supporting two types of MAC CE for inter-UE coordination: the MAC CE with priority higher than the STCH and the MAC CE with priority lower than the STCH .  
UE-A’s resource selection mode
As we know that SL UE can be in either mode1 or mode2 to obtain SL grant. During the RAN1’s discussion, they does not limit UE-A can only use mode2 to provide the inter UE-coordination information. Therefore, it is suggested RAN2 discuss whether UE-A can be in either mode1 or mode2.
Proposal7: RAN2 is suggested to discuss whether UE-A can be either in mode1 or mode2.

Conclusion
In this contribution, we have following observations and proposals:

Observation1: Based on current MAC specification,  a mode 2 UE only considers whether PSFCH resources is configured when it selects resource pool. However according to RAN1’s agreement, a UE-A use the same resource pool that is associated to inter-UE coordination information to transfer the set of resource.

Proposal1: For a mode 2 UE-A, resource pool selection schemes shall be enhanced to support inter-UE coordination scheme1.
Proposal2：If UE-B selects scheme2 for inter-UE coordination, UE-B should select the resource pool configured with PSFCH for scheme2.
Proposal3: RAN2 is suggested to discuss the priority,HARQ attribute, HARQ retransmission number,PDB of MAC CE for inter-UE coordination information.

Proposal4:It is suggested that the indication of whether the combination is preferred or non-preferred resource should be included in the MAC CE for inter-UE coordination information.

Proposal5: RAN2 is suggested to discuss how to perform LCP for the inter-UE coordination MAC CE.
Observation2: After receiving the MAC CE from one resource pool, UE-B derives the size of TRIV, or FRIV, or period by using the configuration of same resource pool.
Observation3:  To balance the buffer status reporting of high priority SL-LCH and grant exhaustion, SL-BSR is divided into two types with different priority: SL-BSR with buffer status of prioritized LCG and SL-BSR with buffer status of non-prioritized BSR.
Proposal6：It is suggested that RAN2 discuss following options for MAC CE design:

Option1: At most N combinations can be included in the MAC CE with priority higher than the STCH.

Option2: MAC CE for inter-UE coordination information has lower priority than STCH, how many combinations are included in the MAC CE depends on coordination resource set received from PHY layer.

Option3: Combining the option1 and option2, supporting two types of MAC CE for inter-UE coordination: the MAC CE with priority higher than the STCH and the MAC CE with priority lower than the STCH .  
Proposal7: RAN2 is suggested to discuss whether UE-A can be either in mode1 or mode2.
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