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1	Introduction 
[bookmark: _Hlk71539747]The agreement regarding the endorsed TEI on [HARQ-ACK MUX on PUSCH] was updated in RAN1#115 as the following:
	Agreement (RAN1#115)
Update the previous agreement made RAN1#113 as following,
Agreement
If UCI multiplexing of different priorities is not enabled, the restriction on scheduling PDSCH after UL grant is removed for the case of PUSCH with repetitions except the first repetition
· UE generates Type-1 HARQ-ACK codebook according to the existing specification with the modification of setting the actual ‘ACK/NACK’ value corresponding to PDSCH(s) scheduled after the UL grant.
· UE generates Type-2/3 HARQ-ACK codebook according to the existing specification.
· For Type-2 CB, UL DAI is used for generating HARQ CB.
· This feature is subject to separate UE capabilities for type-1, type-2, and type-3 codebooks. 
· RRC parameter(s) to configure the function of scheduling PDSCH after a UL DCI format and multiplexing associated HARQ on a PUSCH repetition except the first repetition are introduced in Rel-18.
· Note: the number of PUSCH repetitions can be scheduled/configured by gNB.
· Note: same principle of current specification which UL DAI in UL grant is applied to each PUSCH repetition is reused.
· The timeline specified in TS 38.213 Clause 9.2.3 and 9.2.5 are satisfied, i.e. between the last PDSCH and PUCCH,  between the last PDCCH among UL grant /DL grant(s) and the earliest PUCCH or PUSCH.  
· Additional UE capabilities are introduced to support the following functions (UE will be configured by gNB to use the following features via RRC)
· HARQ-ACK codebook size change on a PUCCH slot
· PUCCH time domain resource change on a PUCCH slot
· The above feature cannot be simultaneously enabled with PUCCH carrier switching.




The corresponding CR to implement the TEI in TS38.213 was discussed during the post-RAN1#115 email discussion [Post 115-R18-38.213-NR_TEI - HARQ-ACK MUX in PUSCH]. The outcome of the discussion resulted in endorsing the CR available in [1]. Moreover, the RAN1 Chair indicated to postpone its implementation in TS38.213 due to incomplete related works in RAN2.
	For this TEI CR, it came to my attention that RAN2’s work is not completed yet (no RAN2 CRs). RAN guidance on TEI is that “A TEI CR set shall be fully completed within one TSG cycle/quarter in all affected WGs”. Considering the situation, we will not submit the final CR to RAN#102. We will recheck the situation again in Q1.



During the discussion under [Post 115-R18-38.213-NR_TEI - HARQ-ACK MUX in PUSCH] email disucssion, we raised an issue that the CR misses some important scheduling cases covered by the agreement. It was suggested to continue the discussion in RAN1#116.
Since the CR is not implemented in specification, we discuss our view together with suggestions to update the endorsed CR in this contribution, and not as a draft CR. 
[bookmark: _2_Rel-17_UE][bookmark: _3_Rel-17_UE][bookmark: _4_Rel-17_UE][bookmark: _2_Rel-17_UE_1]2	Discussion
With respect to the endorsed CR [1], we have identified two issues as discussed below. 
Issue#1
Reason for change:
According to the agreement, the restriction on scheduling PDSCH after UL grant holds if UCI multiplexing of different priorities is enabled and the UCI is multiplexed in a PUSCH without repetition or in a first repetition of a PUSCH. In this case, it is irrelevant whether the UE is provided or not with any of enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant. 
Regardless of presence or absence of these parameters, the restriction on scheduling PDSCH after UL grant for the first PUSCH or the PUSCH without repetition still remains. Therefore, additional condition on configuration of these parameters is unnecessary and may cause unnecessary implementation.
Summary of change: 
In description of the restriction on scheduling PDSCH after UL grant holds if UCI multiplexing of different priorities is enabled and the UCI is multiplexed in a PUSCH without repetition or in a first repetition of a PUSCH, remove the following condition in [1]:
-	is provided enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, and 
Consequences if not approved: 
Unnessary condiitons risking unnessary implemention

Issue#2
Reason for change:
According to the agreement, when the restriction on scheduling PDSCH after UL grant is removed, a UCI including a HARQ-ACK of a PDSCH(s) scheduled by a DCI format(s) after UL grant can be multiplexed in a PUSCH repetition except the first repetition PUSCH. The agreement imposes additional conditions on a same HARQ-ACK codebook size and same time allocation of PUCCH resource in a slot for the case when the UCI additionally includes HARQ-ACK corresponding to PDSCH(s) scheduled by DCI format(s) before the UL grant (See Case 1 in Figure 1 below that is supported by CR). However, the agreement for removing scheduling restriction after UL grant, does not exclude the case when the UCI only includes HARQ-ACK corresponding to PDSCH(s) scheduled by DCI(s) after the UL grant. The current endorsed CR excludes the case when the UCI only includes HARQ-ACK corresponding to PDSCH(s) scheduled by DCI(s) after the UL grant (See Case 2 in Figure 1 below that is not supported by CR).
The consequence is the following conditions on scheduling for the gNB to utilize the scheduling relaxation by the TEI:
· The gNB has to schedule PDSCH before UL grant with a corresponding PUCCH overlapping with a PUSCH repetition except first repetition; AND
· The PDSCH scheduled after UL grant can only have corresponding PUCCH overlapping with that PUSCH repetition, and not other PUSCH repetitions except.
Clearly, these conditions not only impose additional scheduling restrictions and consequently diminish the usefulness of the feature, but also in contrary with the agreement and the intended functionalities. 

Summary of change: 
Clarify that when the scheduling restriction is removed, the conditions on the same codebook size and same time allocation of PUCCH resource carrying the HARQ-ACK codebook is only applicable when the HARQ-ACK codebook to be multiplexed in a PUSCH (except the first repetition) includes HARQ-ACK information corresponding to PDSCHs scheduled by a DCI before the uplink grant. Update the description to allow scheduling PDSCHs with a DCI after UL grant when the corresponding HARQ-ACK codebook to be multiplexed in a PUSCH (except the first repetition) does not include a HARQ-ACK corresponding to a PDSCH scheduled by a DCI before the UL grant.
Consequences if not approved:
Incomplete implementation of the agreement and excluding the most practical and useful cases for scheudling PDSCHs after UL grant.
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[bookmark: _Ref158811674]Figure 1: The agreement in TEI supports both Case 1 and Case 2 above. However, the endorsed CR supports only Case 1 and excludes Case 2. The additional restriction on codebook size and PUCCH resource is applicable only to Case 1. 

Please note that resolving Issue#2 is critical from our perspective, and it also requires updating the corresponding UE capabilities, FG 55-4a/b/c in [2] accordingly. Please find the related capability discussions in our companion contribution [3].
[bookmark: _Toc159238677]Resolving Issue#2 is critical from our perspective, and it also requires updating the corresponding UE capabilities, FG 55-4a/b/c accordingly.

[bookmark: _Toc158822519][bookmark: _Toc159238678]Revise the TEI endorsed CR R1-2312712 according to the following TP where the changes with respect to Issue#1 are highlighted in yellow and the changes with respect to Issue#2 are highlighted in cyan.

	============ TP for 38.213 v18.1.0 based on endorsed CR R1-2312712==================
9	UE procedure for reporting control information
*** Unchanged parts are omitted ***
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 
A UE does not expect to multiplex in a PUSCH transmission or in a PUCCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority index. 
A UE does not expect a PUCCH resource that results from multiplexing overlapped PUCCH resources, if applicable, to overlap with more than one PUSCHs if each of the more than one PUSCHs includes aperiodic CSI reports.
A UE does not expect to detect a first DCI format having associated HARQ-ACK information without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with a HARQ-ACK codebook that would include the HARQ-ACK information in a slot if the UE
-	detects a second DCI format in a PDCCH monitoring occasion, that starts before a PDCCH monitoring occasion for the first DCI format, that schedules a PUSCH transmission in the slot, and 
-	multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot.
If a UE 
-	is not provided any of enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, or 
-	is provided uci-MuxWithDiffPrio, or
 -	transmits a PUSCH without repetitions or transmits a first repetition of a PUSCH transmission
theA UE does not expect to detect a first DCI format scheduling a PDSCH reception or having associated HARQ-ACK information report without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information that would be included in a HARQ-ACK codebook in a slot if the UE
-	previously detects a second DCI format scheduling thea PUSCH transmission in the slot, and 
-	if the UE multiplexes the HARQ-ACK information codebook in the PUSCH transmission in the slot. 
If a UE 
-	is provided enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, and 
-	is not provided uci-MuxWithDiffPrio, and
-	transmits a repetition of a PUSCH transmission other than a first repetition, 
the UE includes, in a HARQ-ACK codebook, HARQ-ACK information associated with a PDSCH reception scheduled by a first DCI format indicating a resource for a PUCCH transmission in a slot, when
-	the UE detects a second DCI format, in a PDCCH monitoring occasion that starts before the PDCCH monitoring occasion for the first DCI format, scheduling a PUSCH transmission in the slot, and
-	the UE multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot, and
-	the timeline conditions in clause 9.2.3 for PUCCH resource determination and the timeline conditions of  and  for multiplexing the HARQ-ACK information in the PUSCH, as described in clause 9.2.5, are satisfied, and
- 	if the HARQ-ACK codebook includes a HARQ-ACK information associated with a PDSCH reception scheduled by a DCI format in a PDCCH monitoring occasion that starts before the PDCCH monitoring occasion for the second DCI format
-	if the UE is not provided enable-different-PUCCHresource, the UE excepts the time domain allocation of the PUCCH resource to carry the HARQ-ACK codebook in the slot is the same as the time domain allocation of the PUCCH resource to carry the HARQ-ACK codebook excluding the HARQ-ACK information associated to the PDSCH reception scheduled by the first DCI format. 
-	if the UE is not provided enable-different-CBsize, the UE excepts the HARQ-ACK codebook size is the same as the HARQ-ACK codebook size excluding the HARQ-ACK information associated to the PDSCH reception scheduled by the first DCI format.
-	the UE does not determine a different PUCCH resource in time domain for the PUCCH transmission with the HARQ-ACK information in the slot if the UE is not provided enable-different-PUCCHresource, and 
-	the UE does not determine a different size for the HARQ-ACK codebook after including the HARQ-ACK information if the UE is not provided enable-different-CBsize. 
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
When a UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the multiple PUSCHs overlap with a PUCCH carrying UCI in the slot, the UE selects all the PUSCHs overlapping with the PUCCH as the candidate PUSCHs for UCI multiplexing within the slot.
*** Unchanged parts are omitted ***

9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE is not provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast or multicast HARQ-ACK information, the UE does not multiplex the unicast or multicast HARQ-ACK information in the PUSCH transmission, respectively.
If a UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast and/or multicast HARQ-ACK information, and would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DAI field, then 
-	if the UE has not received any PDSCH or SPS PDSCH release or TCI state update that the UE multiplexes corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ_feedback timing indicator field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or the TCI state update, or on the value of dl-DataToUL-ACK or dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-r17 if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 1_1 or DCI format 1_3, or on the value of dl-DataToUL-ACK-DCI-1-2 or dl-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 1_2 and the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast HARQ-ACK information, or on the value of dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 4_2 and the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for multicast HARQ-ACK information, in any of the  occasions for candidate PDSCH receptions by a DCI format or SPS PDSCH on any serving cell , as described in clause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission
-	else the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, unless the UE receives only a SPS PDSCH release, or only SPS PDSCH receptions, or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast HARQ-ACK information, or is scheduled by DCI format 4_1 with a counter DAI field value of 1 if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for multicast HARQ-ACK information, on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in clause 9.1.2.
A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to
-	PDSCH reception or SPS PDSCH release or TCI state update scheduled or activated by a DCI format that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format scheduling the PUSCH transmission, if the corresponding conditions in Clause 9 for multiplexing associated HARQ-ACK information in a HARQ-ACK codebook in the PUSCH are not valid
-	SPS PDSCH release or TCI state update that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format scheduling the PUSCH transmission.
A UE does not expect to detect a DCI format switching a DL BWP within  symbols prior to a first symbol of a PUSCH transmission where the UE multiplexes HARQ-ACK information, where  is defined in [6, TS 38.214]. 
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format that includes a DAI field, and
-	is not provided fdmed-ReceptionMulticast and is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for both unicast and multicast HARQ-ACK information, or
-	is provided pdsch-HARQ-ACK-Codebook = 'semi-static' only for one of unicast and multicast HARQ-ACK information
the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1 when a value of the DAI field is  except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when  unless the UE receives 
-	only a SPS PDSCH release, or 
-	only unicast SPS PDSCH(s) associated with transport blocks having enabled HARQ-ACK information report, or only a TCI state update, or only a PDSCH that is scheduled by a DCI format 1_0 having enabled associated HARQ-ACK information report if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast HARQ-ACK information, 
-	multicast SPS PDSCH(s) with transport blocks having enabled associated HARQ-ACK information report or scheduled by a DCI format 4_1 having enabled associated HARQ-ACK information report if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for multicast HARQ-ACK information, 
with a counter DAI field value of 1 on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the TCI state update or only for the PDSCH reception as described in clause 9.1.2. 
 if the PUSCH is scheduled by a DCI format that includes a DAI field and the DAI field is set to '0'; otherwise, .
*** Unchanged parts are omitted ***





[bookmark: _6_Rel-17_UE]3	Conclusion
In this contribution, we have discussed the remaining specification issues with respect to the endorsed TEI on HARQ-ACK MUX on PUSCH.
In the previous section we made the following observation: 
Observation 1	Resolving Issue#2 is critical from our perspective, and it also requires updating the corresponding UE capabilities, FG 55-4a/b/c accordingly.

Based on the discussion in the previous section we propose the following:
Proposal 1	Revise the TEI endorsed CR R1-2312712 according to the following TP where the changes with respect to Issue#1 are highlighted in yellow and the changes with respect to Issue#2 are highlighted in cyan.
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