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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we will provide our views on the remaining issues on mechanisms to improve reliability of NR MBS.

Discussion
· Type1 codebook generation for multicast when considering HARQ-ACK feedback disabled
Last meeting [1], after some extensive discussion, we have the following agreement on Type1 codebook generation for multicast when it comes to HARQ-ACK feedback disabled by RRC signalling.
	Agreement
For Type-1 codebook generation, 
· if all configured G-RNTIs are with HARQ-ACK disabled by RRC signalling, UE does not report any HARQ-ACK information in the PUCCH slot;
· For other cases, FFS between the 3 alternatives below:
· Alt1: if at least one configured G-RNTI is with HARQ-ACK enabled, UE will report NACK for the G-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt2: if at least one configured G-RNTI is with HARQ-ACK enabled, UE reports actual HARQ-ACK result for all G-RNTIs.
· Alt3: UE is not expected to be configured with some G-RNTI with HARQ-ACK disabled by RRC signalling and some other G-RNTI with HARQ-ACK enabled by RRC signalling for all configured G-RNTI
· Other alternatives are not precluded


Firstly, in our understanding all of the three Alts could work and provide common understanding on codebook size between UE and gNB. Secondly, when one G-RNTI is configured with HARQ-ACK feedback operation disabled by RRC signalling, the hidden ideas may lie in that the reliability can be ensured by slot repetition, or the QoS level of the service corresponding to the G-RNTI is very low, or others. In other words, for one G-RNTI, that HARQ-ACK feedback operation is enabled or disabled by RRC signalling can come from gNB scheduling strategy and expectation. Thus, it is no necessary to limit all G-RNTIs with the same configuration on disabling or enabling HARQ-ACK feedback by RRC signalling. Otherwise, it would largely constrain gNB’s configuration/scheduling strategy. Finally, given that HARQ-ACK feedback operation disabled by RRC signalling for one G-RNTI, we can understand that gNB originally does not expect actual HARQ-ACK result; otherwise, the enabled HARQ-ACK feedback operation would be configured.  Thus, Alt2 is not necessary. Based on the above, we have the following proposal:
Proposal 1: For Type-1 codebook generation for G-RNTI, support Alt1, i.e., if at least one configured G-RNTI is with HARQ-ACK enabled, UE will report NACK for the G-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
If a UE configured with dynamic multicast scheduling and multicast SPS, for Type-1 codebook generation, we have the following agreement [1]:
	Agreement
If a UE supports ACK/NACK based feedback for dynamic multicast scheduling and for multicast SPS, and if the UE is configured with ACK/NACK based feedback for multicast dynamic scheduling and is configured with disabled HARQ feedback for multicast SPS scheduling, for Type-1 codebook generation, 
· FFS between the 4 alternatives below:
· Alt1: UE will report NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt2: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt3: UE is not expected to be configured with G-RNTI with HARQ-ACK enabled by RRC signalling and G-CS-RNTI with HARQ-ACK enabled by RRC signalling. 
· Alt4: UE does not report any HARQ-ACK information for G-CS-RNTI with HARQ-ACK feedback disabled by RRC.
· Other alternatives are not precluded.


Regarding G-CS-RNTI for Type-1 codebook when HARQ-ACK feedback disabled by RRC signalling, we have the same views as G-RNTI, and prefer one unified solution. Thus, we have the following proposal:
Proposal 2: For Type-1 codebook generation for G-CS-RNTI when ACK/NACK based feedback for multicast dynamic scheduling configured, support Alt1, i.e., UE will report NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· UL DAI for Type1 codebook for multicast
If Type-1 codebook is configured for unicast and multicast, we have the following agreement [1].
	
Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If Type-1 codebook is configured for both multicast and unicast, at least for single cell case for both unicast and multicast:
· If the UE is configured to construct the HARQ-ACK codebooks for unicast and multicast jointly, a single UL DAI bit applies for unicast and multicast
· Otherwise, 1 additional bit UL DAI is included for multicast in DCI format 0_1/0_2, in addition to the UL DAI for unicast. The 1-bit UL DAI for multicast is applied to all configured G-RNTIs.
· FFS: additional restrictions


For multiple cells cases, if Type-1 codebook is configured for both multicast and unicast, we also think the agreement for single cell can be applied, and we have not seen any critical issue. Thus, we have the following proposal:
Proposal 3: If Type-1 codebook is configured for both multicast and unicast, for multiple cells case for both unicast and multicast:
· If the UE is configured to construct the HARQ-ACK codebooks for unicast and multicast jointly, a single UL DAI bit applies for unicast and multicast
· Otherwise, 1 additional bit UL DAI is included for multicast in DCI format 0_1/0_2, in addition to the UL DAI for unicast. The 1-bit UL DAI for multicast is applied to all configured G-RNTIs.

· UL DAI for Type2 codebook for multicast
If Type-2 codebook is configured for unicast and multicast, we have the following agreement with how to interpret the 2-bit UL DAI still FFS [1].
	Agreement
If Type-2 codebook is configured for unicast and multicast, the following option2-2 (from the previous agreement) is adopted: 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· The 2-bit UL DAI for multicast is applied for all configured G-RNTIs.
· FFS: how to count the total number of HARQ-ACK bits for all configured G-RNTIs. 
· Alt1-1: UL-DAI indicates the sum of DL-DAIs 
· Alt1-2: DL-DAIs have the same value. 
· Alt1-3: largest DL DAI value among the configured G-RNTIs.
· Other alternatives are not precluded


Regarding the alternatives of how to count the total number of HARQ-ACK bits for all configured G-RNTIs, we would take example to illustrate them. In Figure 1, assuming one UE is configured with G-RNTI1 and G-RNTI2, and HARQ-ACK for two TBs for G-RNTI1 and HARQ-ACK for three TBs for G-RNTI2 would be multiplexed into one PUSCH. 
[image: ]
Figure 1 one example for multiple G-RNTIs multiplexing
For Alt1-1, the possible codebook structure for Fig.1 is shown as the table 1. If last DCI either for G-RNTI1 or G-RNTI2 is missed, since UE doesn’t know which last DCI missed, e.g., case 2 or case 3, it would cause the misalignment on codebook between UE and gNB.
Table 1 Possible codebook structure when 2-bit UL DAI indicates the sum of DL-DAIs
[image: ]
Indeed, Alt1-2 could work. But the strict limit would impact the scheduling flexibility. Alt1-3 seems only to indicate HARQ-ACK bits for one G-RNTI, and it is against the agreement that the 2-bit UL DAI for multicast is applied for all configured G-RNTIs.
Table 2 Possible codebook structure when 2-bit UL DAI applied for each G-RNTI
[image: ]
During the discussions, some companies point out that the 2-bit UL DAI is applied for each G-RNTI. Taking the example in Fig.1, the value of UL DAI is 3, and the possible codebook structure is shown in Table 2.  From Table 2, it can be seen that there would be no misalignment between UE and gNB no matter which last DCI would be missed, at the cost of increasing the CB size, which is equal to largest DL DAI value among the configured G-RNTIs times the number of G-RNTI. In our mind, the cost can be accepted since there is no additional complexity for UE and gNB, while the scheduling flexibility also can be promised.
Proposal 4: If Type-2 codebook is configured for unicast and multicast, the 2-bit UL DAI for multicast is applied for each configured G-RNTI.
If different codebook type is configured for unicast and multicast, we have the following agreement with how to interpret the 2-bit UL DAI is still FFS [1].
	Agreement
When Type-1 codebook is configured for unicast and Type-2 codebook is configured for multicast, or when Type-2 codebook is configured for unicast and Type-1 codebook is configured for multicast, the UL-DAI for multicast is included in DCI format 0_1/0_2, in addition to the UL-DAI field for unicast.
· The UL-DAI for multicast is 1-bit for Type-1 codebook
· The 1-bit UL-DAI for multicast is applied to all configured G-RNTIs. 
· The UL-DAI for multicast is 2-bit for Type-2 codebook applied for all configured G-RNTIs. 
· FFS: how to count the total number of HARQ-ACK bits for all configured G-RNTIs. 
· Alt1-1: UL-DAI indicates the sum of DL-DAIs 
· Alt1-2: DL-DAIs have the same value. 
· Alt1-3: largest DL DAI value among the configured G-RNTIs.
· Other alternatives are not precluded
· FFS: details of the UL DAI field


For the FFS part, we have the same view as the aforementioned analysis on UL DAI for Type2 codebook configured for both unicast and multicast. Thus, we have the following agreement:
Proposal 5: If different codebook type is configured for unicast and multicast, for Type-2 codebook for multicast, the 2-bit UL DAI for multicast is applied for each configured G-RNTI.

Text proposals
Reason for changes
In last meeting [1], we have the following agreements. But we notice that the agreement has not been captured into spec [2].
	Agreement
If Type-1 codebook is configured for both multicast and unicast, at least for single cell case for both unicast and multicast:
· If the UE is configured to construct the HARQ-ACK codebooks for unicast and multicast jointly, a single UL DAI bit applies for unicast and multicast
· Otherwise, 1 additional bit UL DAI is included for multicast in DCI format 0_1/0_2, in addition to the UL DAI for unicast. The 1-bit UL DAI for multicast is applied to all configured G-RNTIs.
· FFS: additional restrictions



Summary of changes
Capture the missed agreement.

Consequences if not approved:
The agreement is not captured

Proposal 6: Suggest to endorse the Text Proposal#1 in TS 38.212
------------------------------------------Start of Text Proposal#1 for TS 38.212--------------------------------------
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758][bookmark: _Toc36045948][bookmark: _Toc36046208][bookmark: _Toc36046354][bookmark: _Toc45209271][bookmark: _Toc51852445][bookmark: _Toc99626900]7.3.1.1.2	Format 0_1
------------------------------------------unchanged part omitted--------------------------------------
-	1st downlink assignment index – 1, 2 or 4 bits:
-	1 bit for semi-static HARQ-ACK codebook if multicast is not configured;
-	1 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is jointly constructed;
-	2 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is not jointly constructed, and MSB of semi-static HARQ-ACK codebook is for unicast, LSB of semi-static HARQ-ACK codebook is for multicast;
-	2 bits for dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-TotalDAI-Included configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included = true. 
	When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-1 is configured, if the bit width of the 1st downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 1st downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 1st  downlink assignment index until the bit width of the 1st downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
-	2nd downlink assignment index – 0, 2 or 4 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks, or for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and without UL-TotalDAI-Included configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-TotalDAI-Included = true;
-	0 bit otherwise.
	When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-1 is configured, if the bit width of the 2nd downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 2nd downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 2nd downlink assignment index until the bit width of the 2nd downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
------------------------------------------unchanged part omitted--------------------------------------
[bookmark: _Toc29326609][bookmark: _Toc29327759][bookmark: _Toc36045949][bookmark: _Toc36046209][bookmark: _Toc36046355][bookmark: _Toc45209272][bookmark: _Toc51852446][bookmark: _Toc99626901]7.3.1.1.3	Format 0_2
------------------------------------------unchanged part omitted--------------------------------------
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter downlinkAssignmentIndexDCI-0-2 is not configured;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook if multicast is not configured;
-    1 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is jointly constructed;
-    2 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is not jointly constructed, and MSB of semi-static HARQ-ACK codebook is for unicast, LSB of semi-static HARQ-ACK codebook is for multicast;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise.
------------------------------------------End of Text Proposal#1 for TS 38.212--------------------------------------

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we provide our opinions on mechanisms to improve reliability of NR MBS with the following proposals:
 Proposal 1: For Type-1 codebook generation for G-RNTI, support Alt1, i.e., if at least one configured G-RNTI is with HARQ-ACK enabled, UE will report NACK for the G-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
Proposal 2: For Type-1 codebook generation for G-CS-RNTI when ACK/NACK based feedback for multicast dynamic scheduling configured, support Alt1, i.e., UE will report NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
Proposal 3: If Type-1 codebook is configured for both multicast and unicast, for multiple cells case for both unicast and multicast:
· If the UE is configured to construct the HARQ-ACK codebooks for unicast and multicast jointly, a single UL DAI bit applies for unicast and multicast
· Otherwise, 1 additional bit UL DAI is included for multicast in DCI format 0_1/0_2, in addition to the UL DAI for unicast. The 1-bit UL DAI for multicast is applied to all configured G-RNTIs.
Proposal 4: If Type-2 codebook is configured for unicast and multicast, the 2-bit UL DAI for multicast is applied for each configured G-RNTI.
Proposal 5: If different codebook type is configured for unicast and multicast, for Type-2 codebook for multicast, the 2-bit UL DAI for multicast is applied for each configured G-RNTI.
Proposal 6: Suggest to endorse the Text Proposal#1 in TS 38.212
------------------------------------------Start of Text Proposal#1 for TS 38.212--------------------------------------
7.3.1.1.2	Format 0_1
------------------------------------------unchanged part omitted--------------------------------------
-	1st downlink assignment index – 1, 2 or 4 bits:
-	1 bit for semi-static HARQ-ACK codebook if multicast is not configured;
-	1 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is jointly constructed;
-	2 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is not jointly constructed, and MSB of semi-static HARQ-ACK codebook is for unicast, LSB of semi-static HARQ-ACK codebook is for multicast;
-	2 bits for dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-TotalDAI-Included configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included = true. 
	When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-1 is configured, if the bit width of the 1st downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 1st downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 1st  downlink assignment index until the bit width of the 1st downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
-	2nd downlink assignment index – 0, 2 or 4 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks, or for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and without UL-TotalDAI-Included configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-TotalDAI-Included = true;
-	0 bit otherwise.
	When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-1 is configured, if the bit width of the 2nd downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 2nd downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 2nd downlink assignment index until the bit width of the 2nd downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
------------------------------------------unchanged part omitted--------------------------------------
7.3.1.1.3	Format 0_2
------------------------------------------unchanged part omitted--------------------------------------
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter downlinkAssignmentIndexDCI-0-2 is not configured;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook if multicast is not configured;
-    1 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is jointly constructed;
-    2 bit for semi-static HARQ-ACK codebook if HARQ-ACK codebook for unicast and multicast is not jointly constructed, and MSB of semi-static HARQ-ACK codebook is for unicast, LSB of semi-static HARQ-ACK codebook is for multicast;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise.
------------------------------------------End of Text Proposal#1 for TS 38.212--------------------------------------
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Casel: No last DCI missed TB1,TB2, TB3,TB4,TB5
Case2: Last DCI for G-RNTI1 missed TB1,NACK, TB3,TB4,TB5
Case3: Last DCI for G-RNTI2 missed TB1,TB2, TB3,TB4,NACK

Case4: Both last DCls for G-RNTI1 and G-RNTI2 missed TB1.NACK, TB3,TB4,NACK




