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1. Introduction
	In this contribution, two issues on whether/how to multiplex HARQ-ACK feedback information on PUSCH is in condition of    are discussed. 


2. Discussion 
For Rel-17 multicast, Type-2 HARQ-ACK codebook is supported. When the UE is scheduled by a DCI format 0_1 with DAI field and is configured with Type-2 HARQ-ACK codebook for unicast/multicast transmission, the UE shall determine whether to multiplex Type-2 HARQ-ACK codebook of unicast/multicast on PUSCH according to the below specification [1].
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<Unchanged Text Omitted>
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for unicast PDSCH receptions with value  and the UE has not received any PDCCH within the monitoring occasions for a unicast DCI format scheduling PDSCH receptions providing transport blocks with enabled HARQ-ACK information or having associated HARQ-ACK information without scheduling PDSCH receptions on any serving cell , and the UE does not have HARQ-ACK information in response to a unicast SPS PDSCH reception to multiplex in the PUSCH as described in clause 9.1.3.1, the UE does not multiplex unicast HARQ-ACK information in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for unicast PDSCH receptions with first value  or with second value  and the UE has not received any PDCCH within the monitoring occasions for a unicast DCI format scheduling PDSCH reception providing a transport block with enabled HARQ-ACK information or having associated HARQ-ACK information without scheduling PDSCH reception on any serving cell , and the UE does not have HARQ-ACK information in response to a unicast SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex unicast HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
If a UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for multicast PDSCH receptions with value  and the UE has not received any PDCCH within the monitoring occasions for a multicast DCI format scheduling PDSCH reception providing a transport block with enabled HARQ-ACK information or having associated HARQ-ACK information without scheduling PDSCH receptions on any serving cell , to multiplex in the PUSCH as described in clause 9.1.3.1, the UE does not multiplex multicast HARQ-ACK information associated with a multicast DCI format in the PUSCH transmission.
<Unchanged Text Omitted>


Issue 1：Whether multicast SPS PDSCH reception should be considered for the determination of HARQ-ACK CB multiplexed in PUSCH when UL DAI for unicast is 4?
For HARQ-ACK information for SPS PDSCH reception, if both multicast and unicast SPS PDSCH are configured for UE, the HARQ-ACK information bits in response to SPS PDSCH are generated and ordered according to index of SPS configuration as described in 9.1.2 of [1]. That means the HARQ-ACK information for SPS PDSCH includes both unicast and multicast SPS PDSCH. However, in current spec, when UL DAI for unicast is 4 and the UE does not receive any PDCCH for a unicast DCI formats generated/associated HARQ-ACK information, and does not receive any unicast SPS PDSCH reception, then the UE doesn’t multiplex unicast HARQ-ACK CB in PUSCH. In another word, when UL DAI for unicast is 4, only unicast SPS PDSCH reception is taken into consideration and multicast SPS PDSCH reception is missed for determination of HARQ-ACK information multiplexed in PUSCH. Therefore, we suggest considering both of unicast SPS PDSCH and multicast SPS PDSCH for the determination of HARQ-ACK CB multiplexed in PUSCH when UL DAI for unicast is 4.
Proposal 1: Both of unicast SPS PDSCH and multicast SPS PDSCH should be considered for the determination of HARQ-ACK CB multiplexed in PUSCH when UL DAI for unicast is 4.
Issue 2：Whether the determination of HARQ information for multicast DCI format is per G-RNTI? 
For Type-2 HARQ-ACK codebook for multicast DCI formats, the UE generates sub-codebooks for each G-RNTI or G-CS-RNTI separately. When the UE is configured to with more than one G-RNTI or G-CS-RNTI for multicast and UL DAI for multicast is 4, how to use a determine multicast HARQ-ACK information multiplexed in PUSCH for each G-RNTI or G-CS-RNTI? There are two understandings according to current spec.
· Understanding 1： The determination of multicast HARQ-ACK information multiplexed in PUSCH is based on multicast DCI format scheduling of per G-RNTI/G-CS-RNTI.
· Understanding 2： The determination of multicast HARQ-ACK information multiplexed in PUSCH is based on multicast DCI format scheduling any one of  all G-RNTIs/G-CS-RNTIs  
Taking the below example for further explaining two different understandings, the UE is configured with two G-RNTI and one G-CS-RNTI, and the UL DAI for multicast is 4, when the UE has receives a multicast DCI format with G-RNTI-1 scheduling 1 TB, and hasn’t receive any multicast DCI format with G-RNTI-2 or with G-CS-RNTI.  According to the understanding 1, since the UE determine whether multiplexing the HARQ-ACK information in PUSCH is based on per G-RNTI/G-CS-RNTI, the UE only requires to generate sub-codebooks for G-RNTI-1 and multiple it in the PUSCH. In this case, the HARQ-ACK CB multiplexed in PUSCH is 4 bits. However, according to understanding 2, the UE requires to generate sub-codebooks for G-RNTI-1, G-RNTI-2 and G-CS-RNTI, which will generate 12 bits for HARQ-ACK CB. 
Table 1-Determination on HARQ information bits with 
	
	G-RNTI-1
	G-RNTI-2
	G-CS-RNTI
	Note

	Multicast  scheduling 
	 1 TB
	0 TB(s)
	0
	Only one TB is scheduled 

	HARQ information bits (Understanding 1)
	4 bits
	0 bits
	0 bits
	Total bits is 4

	HARQ information bits(Understanding 2)
	4 bits
	4 bits
	4 bits
	Total bits is 12


Since the understanding-1 can reduce overhead of Type-2 HARQ-ACK codebook, we suggest to follow understanding 1 for determination of multicast HARQ-ACK information multiplexed in PUSCH
Proposal  2：When the UE is configured to with more than one G-RNTI or G-CS-RNTI for multicast and UL DAI for multicast is 4, the UE determine whether multiplexing HARQ information in PUSCH for per G-RNTI/G-CS-RNTI. 
Based on above two issues discussion, the current specification can be modified as following 
  
	9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
<Unchanged Text Omitted>
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes a DAI field, the UE generates the HARQ-ACK codebook as described in clause 9.1.3.1, with the following modifications:
-	For the pseudo-code for the HARQ-ACK codebook generation in clause 9.1.3.1, after the completion of the  and  loops, the UE sets  where  is the value of the DAI field according to Table 9.1.3-2
-	if the UE multiplexes HARQ-ACK information associated with more than one G-RNTIs for multicast or G-CS-RNTIs, the value of the DAI field  is applicable to each of the more than one G-RNTIs for multicast or each of the G-CS-RNTIs.
-	For the case of first and second HARQ-ACK sub-codebooks, the DCI format includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for unicast PDSCH receptions with value  and the UE has not received any PDCCH within the monitoring occasions for a unicast DCI format scheduling PDSCH receptions providing transport blocks with enabled HARQ-ACK information or having associated HARQ-ACK information without scheduling PDSCH receptions on any serving cell , and the UE does not have HARQ-ACK information in response to a unicast SPS PDSCH reception to multiplex in the PUSCH as described in clause 9.1.3.1, the UE does not multiplex unicast HARQ-ACK information associated with unicast DCI format and HARQ-ACK information for SPS PDSCH in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for unicast PDSCH receptions with first value  or with second value  and the UE has not received any PDCCH within the monitoring occasions for a unicast DCI format scheduling PDSCH reception providing a transport block with enabled HARQ-ACK information or having associated HARQ-ACK information without scheduling PDSCH reception on any serving cell , and the UE does not have HARQ-ACK information in response to a unicast SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex unicast HARQ-ACK information for the first sub-codebook associated with unicast DCI format and HARQ-ACK information for SPS PDSCH or for the second sub-codebook, respectively, in the PUSCH transmission.
[bookmark: _GoBack]If a UE is configured to monitor PDCCH for multicast with one or more G-RNTI for multicast or G-CS-RNTI ,the UE separately applies following  procedures per G-RNTI for multicast or per G-CS-RNT
· If a UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for multicast PDSCH receptions with value  and the UE has not received any PDCCH within the monitoring occasions for a multicast DCI format scheduling PDSCH reception providing a transport block with enabled HARQ-ACK information or having associated HARQ-ACK information without scheduling PDSCH receptions on any serving cell , to multiplex in the PUSCH as described in clause 9.1.3.1, the UE does not multiplex multicast HARQ-ACK information associated with a multicast DCI format in the PUSCH transmission.

<Unchanged Text Omitted>



3. Conclusion 
In this contribution, two issues on multiplexing HARQ-ACK feedback information on PUSCH is in condition of    are discussed. The following proposals and possible CR are given
Proposal 1: Both of unicast SPS PDSCH and multicast SPS PDSCH should be considered for the determination of HARQ-ACK CB multiplexed in PUSCH when UL DAI for unicast is 4.
Proposal  2：When the UE is configured to with more than one G-RNTI or G-CS-RNTI for multicast and UL DAI for multicast is 4, the UE determine whether multiplexing HARQ information in PUSCH for per G-RNTI/G-CS-RNTI. 
Based on above proposals, the draft CR [2] is provided. 
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