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1. Introduction

Based on the CR [1] from RAN1#114-bis [4], the CG-UCI procedures are reused for UTO-UCI when applicable. Joint UTO-UCI and HARQ-ACK encoding is performed “when UTO-UCI and HARQ-ACK have the same priority index and are jointly encoded and transmitted on a PUSCH". In this contribution, we discussed the detailed cases of UTO-UCI and HARQ-ACK joint coding and multiplexing on PUSCH, and potential ambiguities when applying with the current specifications for CG-UCI to UTO-UCI. Furthermore, RAN1 should clarify if joint coding for UTO-UCI and HARQ-ACK is always enabled, and if separate dropping rule is needed when joint coding is not enabled?

2. Discussions

2.1.    Condition and applicability for UTO-UCI and HARQ-ACK joint coding 

In RAN1 #112bis [2], it was agreed to support joint coding by reusing the CG-UCI procedures, and FFS on the dropping rules between UTO-UCI and HARQ-ACK when joint coding is not configured.
Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” and applied when applicable. 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset, when applicable.
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

Since then, there were some follow-up discussions without agreements on how to configure joint coding and dropping rules if joint coding is not configured. In RAN1 #114 [3], a conclusion was made with no consenus on introducing a new RRC parameter on joint coding enabling/disabling. 
Conclusion
There is no consensus on the following proposal:
Introduce a new RRC parameter UTO-UCI-Multiplexing (similar to cg-UCI-Multiplexing) to enable/disable joint coding of HARQ-ACK and UTO-UCI in a CG PUSCH with the UTO-UCI.

Further in RAN1#114bis [4], the joint coding condition was defined and limited to the same priorities, as shown in the TS38.212 CR [1] section below.
6.3.2.1.4	HARQ-ACK and CG-UCI/UTO-UCI
If the higher layer parameter nrof_UTO_UCI is configured, the procedure in this clause 6.3.2.1.4 applies by replacing CG-UCI with UTO-UCI in all the notations and texts, and replacing "When higher layer parameter cg-UCI-Multiplexing is configured" with "When UTO-UCI and HARQ-ACK have the same priority index and are jointly encoded and transmitted on a PUSCH".

For CG-UCI, when higher layer parameter cg-UCI-Multiplexing is not configured, the CG-UCI and the PUSCH will be dropped by the HARQ-ACK of the same priority. 
In the CR [1], since the “when higher layer parameter cg-UCI-Multiplexing is configured" condition is applied to CG-UCI only, for UTO-UCI, the condition is replaced by “"When UTO-UCI and HARQ-ACK have the same priority index and are jointly encoded and transmitted on a PUSCH".
Thus, the CR implies that when the UTO-UCI and HARQ-ACK have the same priority, they are always joint encoded and transmitted on a PUSCH. And the cg-UCI-Multiplexing parameter is not reused for UTO-UCI for enabling/disabling of joint coding with HARQ-ACK. 
Proposal 1: RAN1 to clarify/verify that when the UTO-UCI and HARQ-ACK have the same priority, whether they are always joint encoded and transmitted on a PUSCH or not.

On the other hand, it is not clear whether there is another condition “when UTO-UCI and HARQ-ACK have the same priority index and are not jointed encoded and transmitted on a PUSCH.” If supported, to define a complete UE behaviour, RAN1 should further specify
· With the conclusion of no new RRC parameter, which existing parameter should be reused to enable/disable the joint coding of UTO-UCI and HARQ-ACK?
· What is the multiplexing and/or dropping rules between UTO-UCI and HARQ-ACK when joint encoding is not configured?
The UTO-UCI, included in every CG PUSCH transmission, is an additional information for projected unused TOs in future CG PUSCH TOs. Since the UTO-UCI content will be updated in every PUSCH transmission, the drop of a UTO-UCI in a PUSCH will not impact PUSCH reception at the gNB if a procedure is defined. Therefore, different behaviours from CG-UCI should be considered for collision handling between UTO-UCI and HARQ-ACK when joint coding is not provided, e.g. the HARQ-ACK is multiplexed on the CG PUSCH and the UTO-UCI is dropped if joint coding is not enbabled.
Proposal 2: RAN1 to clarify whether additional dropping rules should be specified if the condition “UTO-UCI and HARQ-ACK joint coding is not enabled” is supported.

2.2.    Clarification on multiplexing with UTO-UCI and HARQ-ACK joint coding

If joint coding is always applied for UTO-UCI and HARQ-ACK with the same priority, the joint encoded bits are treated as HARQ-ACK of the given priority for multiplexing on PUSCH. For the case of UTO-UCI without HARQ-ACK of the same priority, the UTO-UCI encoded bits are treated as UTO-UCI of the given priority for multiplexing on PUSCH. 
In CR [1] for Section 6.3.2.7 of TS38.212, the CG-UCI procedure is reused for UTO-UCI, and “when applicable’ is added to cover only the valid cases, i.e. UTO-UCI and PUSCH have the same priority.
“If the higher layer parameter nrof_UTO_UCI is configured, the procedure in this clause 6.3.2.7 applies by replacing CG-UCI with UTO-UCI in all the notations and texts, when applicable.”

For the case UTO-UCI with priority 0 and HARQ-ACK with priority index 0 if any, the specification covers subcases for multiplexing on a PUSCH: 
· only UTO-UCI without HARQ-ACK, 
· UTO-UCI with HARQ-ACK. 

As shown in the specificaiton below, by reusing the CG-UCI procedure, UTO-UCI with priority index 0 and HARQ-ACK with priority index 0 are always joint encoded for multiplexing on PUSCH with priority index 0.
If uci-MuxWithDiffPrio is configured, and CG-UCI associated with priority index 0 and HARQ-ACK bits associated with priority index 0 if any, HARQ-ACK bits associated with priority index 1, and CSI part 1 if any are transmitted on a PUSCH associated with priority index 0, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking HARQ-ACK with priority index 1 as HARQ-ACK, taking CG-UCI associated with priority index 0 and HARQ-ACK bits associated with priority index 0 if any as CSI part 1, and taking CSI part 1 as CSI part 2 if CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 0.

Similarly, the condition “HARQ-ACK bits associated with priority index 1 and/or CG-UCI associated with priority index 1” includes two cases considering UTO-UCI:
· Case 1: UTO-UCI with priority index 1 and HARQ-ACK with priority index 1, and 
· Case 2: UTO-UCI with priority index 1 without HARQ-ACK with priority index 1

In the current specification, as shown below, it is not clear how the UTO-UCI is treated, and may lead to different interpretations. As a result, the CG-UCI procedures may not be fully reused as it is by UTO-UCI in all cases.
If uci-MuxWithDiffPrio is configured, and HARQ-ACK bits associated with priority index 0, HARQ-ACK bits associated with priority index 1 and/or CG-UCI associated with priority index 1, and CSI part 1 if any are transmitted on a PUSCH, 
-	if CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 1, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking HARQ-ACK with priority index 1 as HARQ-ACK, and taking HARQ-ACK with priority index 0 as CSI part 2;
-	otherwise, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking HARQ-ACK with priority index 1 if any as HARQ-ACK, taking CG-UCI associated with priority index 1 if any as CG-UCI, taking HARQ-ACK with priority index 0 as CSI part 1, and taking CSI part 1 as CSI part 2 if CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 0.


For the first subbullet in the CG-UCI behavior, the CG-UCI is not mentioned in the multiplexing on the PUSCH, which implies that the CG-UCI is droped or the condition is not applicable for CG-UCI, e.g. 
· the CG-UCI is droped by HARQ-ACK of the same priority when higher layer parameter cg-UCI-Multiplexing is not configured, and the HARQ-ACK is reported on another PUSCH; or 
· the CSI part 1 is carried on a dynmic grant PUSCH instead of a CG-PUSCH thus CG-UCI is not present. 

For UTO-UCI, if joint encoding is always applied for HARQ-ACK with the same priority, it is not clear which behavior is performed if both HARQ-ACK with priority 1 and UTO-UCI with priotity 1 are present.
· Interpretation 1: the UE multiplexs the UCI by taking joint UTO-UCI and HARQ-ACK with priority index 1 as HARQ-ACK. If so, the UTO-UCI part should be included for the case of joint coding with HARQ-ACK. 
· Interpretation 2: the UE multiplexs the UCI by taking HARQ-ACK with priority index 1 as HARQ-ACK, and UTO-UCI with priority index 1 as UTO-UCI. If so, the UTO-UCI part should be included. But the separate multiplexing breaks the joint coding assumption. 
· Interpretation 3: CSI part 1 is carried on a dynmic grant PUSCH with priority index 1 instead of a CG-PUSCH, and the UTO-UCI is dropped and only HARQ-ACK with priority 1 is multiplexed. 

Similarly, for UTO-UCI with priotity 1 without HARQ-ACK with priotity 1, it is not clear how to understand this condition in the subbullet.
· Interpretation 1: the UE multiplexs the UTO-UCI with priority index 1 as HARQ-ACK, or
· Interpretation 2: the UE multiplexs UTO-UCI with priority index 1 as UTO-UCI. But the CG-UCI multiplexing is not mentioned at all in the current specification.
· Interpretation 3: CSI part 1 is carried on a dynmic grant PUSCH instead of a CG-PUSCH, and the UTO-UCI is dropped. So, it is not a valid case.

Proposal 3: RAN1 should clarify the behaiors for different cases of the condition “HARQ-ACK bits associated with priority index 1 and/or CG-UCI associated with priority index 1.” 

If interpretation 1 is correct, the first subbullet may be updated by separating two conditions
-	if CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 1, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking “HARQ-ACK with priority index 1 and CG-UCI with priority index 1 if any” as HARQ-ACK, or taking “UTO-UCI with priority index 1 without HARQ-ACK with priority index 1” as UTO-UCI, and taking HARQ-ACK with priority index 0 as CSI part 2;

Moreover, some of the second subbullet in the specification “otherwise…” part is not applicable for UTO-UCI as highlighted because the UTO-UCI should always have the same priority as the PUSCH. 
-	otherwise, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking HARQ-ACK with priority index 1 if any as HARQ-ACK, taking CG-UCI associated with priority index 1 if any as CG-UCI, taking HARQ-ACK with priority index 0 as CSI part 1, and taking CSI part 1 as CSI part 2 if CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 0.

The behavior in the existing text is somehow misleading on the part “by taking HARQ-ACK with priority index 1 if any as HARQ-ACK, taking CG-UCI associated with priority index 1 if any as CG-UCI.” It may be interpreted as “if both HARQ-ACK and CG-UCI are present, they are separately encoded and multiplexed on a PUSCH.” 
In fact, there are only 3 potential cases,
· HARQ-ACK only without CG-UCI, treat as HARQ-ACK
· HARQ-ACK and CG-UCI joint encoded, treat as HARQ-ACK
· CG-UCI only without HARQ-ACK, treat as CG-UCI

The separate coding of HARQ-ACK and CG-UCI never happens since the CG-UCI and CG-PUSCH will be dropped by the HARQ-ACK if joint coding is not configured. Thus, if interpretation 3 is correct, for clarification, it is better to explicitly list the potential cases, e.g. 
· otherwise, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking “HARQ-ACK with priority index 1 if any” or “joint encoded CG-UCI associated with priority index 0 and HARQ-ACK bits associated with priority index 0 if any” as HARQ-ACK, or taking “CG-UCI associated with priority index 1 if any without HARQ-ACK” as CG-UCI, taking HARQ-ACK with priority index 0 as CSI part 1,…

Additionally, the “otherwise” part may include multiple conditions, i.e.
-	Subcase 1: CSI part 1 is not transmitted on the PUSCH and the PUSCH is associated with priority index 1. This is a valid case for UTO-UCI multiplexing on PUSCH.
-	Subcase 2: CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 0. This is not a valid case since UTO-UCI is with priority index 1. The CG-UCI part should be removed from the multiplexing rules.
It is better to list the two subcases separately since they are for PUSCHs with different priorities, and clarify the behaviors for two subcases as follows.
· if CSI part 1 is not transmitted on the PUSCH and the PUSCH is associated with priority index 1, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking HARQ-ACK with priority index 1 and UTO-UCI with priority index 1 if any as HARQ-ACK, or taking UTO-UCI with priority index 1 without HARQ-ACK with priority index 1 as UTO-UCI, taking HARQ-ACK with priority index 0 as CSI part 1;
· otherwise, if CSI part 1 is also transmitted on the PUSCH and the PUSCH is associated with priority index 0, the coded UCI bits are multiplexed onto PUSCH according to the procedures in Clause 6.2.7 by taking HARQ-ACK with priority index 1 if any as HARQ-ACK, and taking HARQ-ACK with priority index 0 as CSI part 1and taking CSI part 1 as CSI part 2.

Proposal 4: For clarification, RAN1 can list the CG-UCI and HARQ-ACK combinations, and split the “otherwise” with separate subcases for different PUSCH priorities.

3. Conclusions

In this contribution, we studied the detailed cases for UTO-UCI and HARQ-ACK multiplexing on PUSCH, and want to clarify the outcomes of some subcases from the current specifications, esp. for multiplexing of UTO-UCI with priority index 1 and/or HARQ-ACK with priority index 1 on a PUSCH with priority index 1. We proposed the following:
Proposal 1: RAN1 to clarify/verify that when the UTO-UCI and HARQ-ACK have the same priority, they are always joint encoded and transmitted on a PUSCH.
Proposal 2: RAN1 to clarify whether additional dropping rules should be specified if the condition “UTO-UCI and HARQ-ACK joint coding is not enabled” is supported.
Proposal 3: RAN1 should clarify the behaiors for different cases of the condition “HARQ-ACK bits associated with priority index 1 and/or CG-UCI associated with priority index 1.” 
Proposal 4: For clarification, RAN1 can list the CG-UCI and HARQ-ACK combinations, and split the “otherwise” with separate subcases for different PUSCH priorities.
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