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Introduction
In this contribution, we provide our view on various outstanding issues relating to reliability mechanisms for NR MBS, based on the agreements made up to RAN1#110-e. 
Discussion
NACK-only Feedback Mode 2 for Multiple G-RNTIs 
The following was agreed in the RAN1#108-e meeting regarding multiplexing options of NACK-only feedback. Either Alt1, where the UE converts multiple NACK-only bits into ACK/NACK (which is called as NACK-only Mode 1 in TS38.213) or Alt4, where the UE sends a specific PUCCH transmission based on the combination of NACK-only sequences (which is called as NACK-only Mode 2 in TS38.213), can be configured.
There were many other agreements to discuss the details of Alt1 and Alt4. As can be seen from the below agreements, whether Alt 4 applies to a single G-RNTI or multiple G-RNTIs was FFS, which is still under discussions (cf., section 2.2). However, in our understanding, Alt1 applies directly also to multiple G-RNTIs and there were even no discussions focusing on whether Alt1 is valid for single or multiple G-RNTIs. 
Therefore, this shall be fixed in the current specifications. Naturally, for multiple G-RNTIs, multiplexed ACK/NACK codebook would look like as if the G-RNTIs are configured with ACK/NACK feedback, i.e., ACK/NACK-based codebooks are created per G-RNTI and concatenated based on increasing value of G-RNTIs. 
Agreement
For supporting more than one NACK-only feedback in the same PUCCH transmission, define RRC configuration to configure between Alt1 and Alt4 (from previous agreements):
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· FFS: how to determine PUCCH resource
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· FFS: The PUCCH slot for the transmission is based on the K1 in the “last DCI” scheduling multicast. 
· FFS: The PUCCH resource for the transmission is from PUCCH-config configured for NACK-only based feedback according to the mapping between number of TBs with PUCCH resource ID.
· FFS mapping details. 
· How to determine the number of TBs is discussed separately, e.g., Type-1-like and/or Type-2-like codebook.
· FFS: whether this applies to a single G-RNTI or multiple G-RNTIs
· Alt4 is not supported for more than 4 TBs
· FFS: whether RRC configuration between Alt1 and Alt4 is per G-RNTI or per CFR
· FFS: UE capability

Proposal 1: Adopt the following text proposal to TS38.213 v17.3.0 (Draft CR: R1-221849):
· Reason for change: 
		Current TS38.213 v17.3.0 does not clarify how the UE multiplexes multiple NACK-only bits belonging to 		different G-RNTIs using NACK-	only Mode 1. 
· Summary of change: 
Clarify how the UE multiplexes multiple NACK-only bits belonging to different G-RNTIs using NACK-only Mode 1. ACK/NACK-based codebooks are created per G-RNTI and concatenated based on increasing value of G-RNTIs.
· Consequence if not approved: 
It is not clear how the UE multiplexes multiple NACK-only bits belonging to different G-RNTIs using NACK-	only Mode 1.

--------------------------------Text proposal to TS38.213 v17.3.0 Starts------------------------------------------
18	  Multicast Broadcast Services

*** Unchanged text is omited ***
For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or for only one G-RNTI by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For a UE that is indicated the second HARQ-ACK reporting mode and moreThanOneNackOnlyMode, all PUCCH resources associated with the second HARQ-ACK reporting mode have same starting symbol and same number of symbols.
*** Unchanged text is omited ***
--------------------------------Text proposal to TS38.213 v17.3.0 Ends-------------------------------------------


Counting and Ordering of HARQ-ACK bits for NACK-only Feedback Multiplexed with Alt-4
An outstanding issue from the RAN1#110-e meeting is how to count and order the HARQ-ACK bits for NACK-only for Alt-4 with Cases 2 and 3. The issue was discussed last time for one email round, but no agreements were made. The agreement made earlier below outlines the options under consideration:

Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 

For Case 2 above, we do not consider the last DCI to be a significant issue, given that with many UEs present, it is highly improbable that all UEs miss the last DCI, thereby preventing the retransmission of the last TB. There is no other reason to have Opt2-1-2, as Opt2-1-1 is simple and the same as that agreed for NACK-only with Alt-1 and ACK/NACK feedback. Therefore, we prefer option 2-1-1, where counting the total number of HARQ-ACK bits is based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI and the ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values.
For Case 3 above, we shall refrain from introducing new DCI bits at this late stage, which would increase UE decoding complexity as indicated by several UE vendors in the last meeting. Moreover, this scenario can be addressed either by scheduling different G-RNTI(s) in different slots or configuring Alt-1 as the multiplexing method.
Therefore, for Case 3 we support Opt3-2, where Alt-4 is not supported for different UEs configured with different G-RNTIs. Since specifications are written from the UE perspective, we believe that only a minor change is needed in TS38.213 to reflect the preferred option for Case 2.

Proposal 2: Adopt the following text proposal to TS38.213 v17.3.0 (Draft CR 221848):
· Reason for change: 
Current TS38.213 v17.3.0 does not clarify how the UE counts and orders the HARQ-ACK bits for multiple NACK-only feedback when configured with Alt-4.
· Summary of change: 
Clarify how the UE counts and orders the HARQ-ACK bits for multiple NACK-only feedback when configured with Alt-4. For Case 2, the UE counts the total number of HARQ-ACK bits based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI. For Case 3, the UE does not support Alt4.
· Consequence if not approved: 
It is not clear how the UE counts and orders the HARQ-ACK bits for multiple NACK-only feedback when configured with Alt-4.
--------------------------------Text proposal to TS38.213 v17.3.0 Starts------------------------------------------
18	  Multicast Broadcast Services

*** Unchanged text is omited ***
For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For a UE that is indicated the second HARQ-ACK reporting mode and moreThanOneNackOnlyMode, all PUCCH resources associated with the second HARQ-ACK reporting mode have same starting symbol and same number of symbols.
*** Unchanged text is omited ***
--------------------------------Text proposal to TS38.213 v17.3.0 Ends-------------------------------------------

UE Behaviour When Receiving a Second DCI to Reactivate an SPS PDSCH Configuration
An outstanding issue from the RAN1#109-e meeting is how the UE generates HARQ-ACK feedback when receiving a second DCI sent to reactivate an already activated SPS PDSCH configuration. The following was proposed without any ensuing agreements. The issue was not further discussed in RAN1#110-e meeting and RAN1#110bis-e meeting due to prioritization of other issues, although discussed by several companies in their contributions.
Proposal 2.6.3-r1
For the case that UE may have received a first DCI activating a SPS PDSCH configuration but may receive a second DCI re-activating the same SPS PDSCH configuration, further down-selection on the following options in the next meeting: 
· Opt1: the UE generates HARQ-ACK feedback according to the DCI (re-)activating the SPS multicast PDSCH configuration. 
· Note: it is the same procedure as legacy. 
· Opt2: for UE generating HARQ-ACK feedback, UE considers the first SPS PDSCH after the second DCI as SPS PDSCH without PDCCH, if the first SPS PDSCH is not the first SPS PDSCH after the first DCI.
We prefer Opt1, which is the same procedure as legacy and does not require specification changes. In case of Opt2, if the UE’s negative feedback to initial activation cannot be received by the gNB successfully, the gNB would be unable to understand that the UE could not receive the SPS activation also the second time when NACK-only feedback is used. Therefore, gNB would not send any further activation commands, which would lead UE to not being able to receive the multicast service.
Observation 1: 	The UE generates HARQ-ACK feedback according to the DCI (re-)activating the SPS multicast PDSCH configuration.
· Since this follows legacy behavior, changes in the specification are not required. 

Nack-only Mode 1 Single Transport Block Operation
The following agreement was made in the RAN1#110-e and #110bis-e meetings regarding the usage of PRI field in DCI format 4_1/4_2 for different NACK-only modes when only one transport block (TB) is scheduled:
Agreement
For PRI included in DCI format 4_1/4_2, 
· if the G-RNTI is configured with NACK-only mode1, PRI indicates the PUCCH for the HARQ-ACK feedback including the case of one TB in scheduled. 
· If the G-RNTI is configured with NACK-only mode2,
		FFS on whether/how to interpret the PRI.
The following was agreed in the RAN1#110bis-e meeting regarding NACK-only mode2:
Agreement
For PRI included in DCI format 4_1/4_2, if the G-RNTI is configured with NACK-only mode2, PRI will be ignored by UEs.
The agreements state that for NACK-only mode 1, where multiple NACK-only feedback are converted to ACK/NACK, when needed, PRI field in the DCI is used to select which PUCCH resource to utilize in case of one NACK-only transmission is scheduled for a TB. Whereas the PRI bit is ignored in case G-RNTI is configured with NACK-only mode 2.
The above understanding would mean that when the NACK-only feedback is configured without “moreThanOneNackOnlyMode”, which would be the case for mode 1, when one bit of NACK-only is to be transmitted, the UE would still use the PRI to select the PUCCH resource to use. This is the agreement made and there is no technical reason to revert it. In case there is only one NACK-only bit to be transmitted, the UE would not convert the NACK-only bit to ACK/NACK – otherwise we would call this NACK-only mode 1 = ACK/NACK feedback. In such case, PRI field is used to select the PUCCH resource, where the UEs would transmit NACK-only feedback, in case they are unable to successfully decode the corresponding PDSCH.
Note that the above understanding is approved by the FL and several companies, whereas still there were some companies indicating that this behavior is not clear for them from the specifications. For that reason, we propose that this is reflected in the specifications, as there were some companies stating otherwise with the current structure of the specifications.
Proposal 3: 	Adopt the following text proposal to TS38.213 v17.3.0 (Draft CR 221847):
· Reason for change: 
Current TS38.213 v17.3.0 does not reflect the correct UE PUCCH transmission behavior when NACK-only based feedback is configured with mode 2 and HARQ-ACK feedback is to be provided for only one TB.
· Summary of change: 
When NACK-only based feedback is configured with mode 2 and HARQ-ACK feedback is to be provided for only one TB, the UE does not convert the NACK-only bit to ACK/NACK bit.
· Consequence if not approved: 
When NACK-only based feedback is configured with mode 2 and HARQ-ACK feedback is to be provided for only one TB, the UE converts the NACK-only bit to ACK/NACK bit, as if the UE is configured with ACK/NACK based feedback.

--------------------------------Text proposal to TS38.213 v17.3.0 Starts------------------------------------------
18	  Multicast Broadcast Services
*** Unchanged text is omited ***
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. 
When the UE is indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH according to the first HARQ-ACK reporting mode, the UE provides the HARQ-ACK for only one transport block according to the second HARQ-ACK reporting mode.
The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For a UE that is indicated the second HARQ-ACK reporting mode and moreThanOneNackOnlyMode, all PUCCH resources associated with the second HARQ-ACK reporting mode have same starting symbol and same number of symbols.

*** Unchanged text is omited ***
--------------------------------Text proposal to TS38.213 v17.3.0 Ends-------------------------------------------


Conclusion
In this contribution, we have discussed various aspects of this WI. From those discussions we have the following observations:

Observation 1: 	The UE generates HARQ-ACK feedback according to the DCI (re-)activating the SPS multicast PDSCH configuration.
· Since this follows legacy behavior, changes in the specification are not required. 

	
According to those observations we have the following proposals:
Proposal 1: Adopt the following text proposal to TS38.213 v17.3.0 (Draft CR: R1-221849):
· Reason for change: 
		Current TS38.213 v17.3.0 does not clarify how the UE multiplexes multiple NACK-only bits belonging to 		different G-RNTIs using NACK-	only Mode 1. 
· Summary of change: 
Clarify how the UE multiplexes multiple NACK-only bits belonging to different G-RNTIs using NACK-only Mode 1. ACK/NACK-based codebooks are created per G-RNTI and concatenated based on increasing value of G-RNTIs.
· Consequence if not approved: 
It is not clear how the UE multiplexes multiple NACK-only bits belonging to different G-RNTIs using NACK-	only Mode 1.

--------------------------------Text proposal to TS38.213 v17.3.0 Starts------------------------------------------
18	  Multicast Broadcast Services

*** Unchanged text is omited ***
For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or for only one G-RNTI by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For a UE that is indicated the second HARQ-ACK reporting mode and moreThanOneNackOnlyMode, all PUCCH resources associated with the second HARQ-ACK reporting mode have same starting symbol and same number of symbols.
*** Unchanged text is omited ***
--------------------------------Text proposal to TS38.213 v17.3.0 Ends-------------------------------------------

Proposal 2: Adopt the following text proposal to TS38.213 v17.3.0 (Draft CR 221848):
· Reason for change: 
Current TS38.213 v17.3.0 does not clarify how the UE counts and orders the HARQ-ACK bits for multiple NACK-only feedback when configured with Alt-4.
· Summary of change: 
Clarify how the UE counts and orders the HARQ-ACK bits for multiple NACK-only feedback when configured with Alt-4. For Case 2, the UE counts the total number of HARQ-ACK bits based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI. For Case 3, the UE does not support Alt4.
· Consequence if not approved: 
It is not clear how the UE counts and orders the HARQ-ACK bits for multiple NACK-only feedback when configured with Alt-4.
--------------------------------Text proposal to TS38.213 v17.3.0 Starts------------------------------------------
18	  Multicast Broadcast Services

*** Unchanged text is omited ***
For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For a UE that is indicated the second HARQ-ACK reporting mode and moreThanOneNackOnlyMode, all PUCCH resources associated with the second HARQ-ACK reporting mode have same starting symbol and same number of symbols.
*** Unchanged text is omited ***
--------------------------------Text proposal to TS38.213 v17.3.0 Ends-------------------------------------------

Proposal 3: 	Adopt the following text proposal to TS38.213 v17.3.0 (Draft CR 221847):
· Reason for change: 
Current TS38.213 v17.3.0 does not reflect the correct UE PUCCH transmission behavior when NACK-only based feedback is configured with mode 2 and HARQ-ACK feedback is to be provided for only one TB.
· Summary of change: 
When NACK-only based feedback is configured with mode 2 and HARQ-ACK feedback is to be provided for only one TB, the UE does not convert the NACK-only bit to ACK/NACK bit.
· Consequence if not approved: 
When NACK-only based feedback is configured with mode 2 and HARQ-ACK feedback is to be provided for only one TB, the UE converts the NACK-only bit to ACK/NACK bit, as if the UE is configured with ACK/NACK based feedback.

--------------------------------Text proposal to TS38.213 v17.3.0 Starts------------------------------------------
18	  Multicast Broadcast Services
*** Unchanged text is omited ***
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. 
When the UE is indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH according to the first HARQ-ACK reporting mode, the UE provides the HARQ-ACK for only one transport block according to the second HARQ-ACK reporting mode.
The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For a UE that is indicated the second HARQ-ACK reporting mode and moreThanOneNackOnlyMode, all PUCCH resources associated with the second HARQ-ACK reporting mode have same starting symbol and same number of symbols.

*** Unchanged text is omited ***
--------------------------------Text proposal to TS38.213 v17.3.0 Ends-------------------------------------------

