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Introduction
In this contribution, we provide our view on the remaining issues for NR MBS, based on the last feature lead summaries at the end of the RAN1#110 meeting. 
[bookmark: _Ref79166630][bookmark: OLE_LINK1][bookmark: OLE_LINK2]discussion
Codebook type for NACK only and multiplexing of NACK-only mode2 
During RAN1#110, the following was proposed by the feature lead:

	Proposal 
When pdsch-HARQ-ACK-CodebooklistMulticast indicates Type-1 CB, fdmed-ReceptionMulticast or type1-Codebook-GenerationMode is configured, for NACK-only in mode2, 
· when HARQ-ACK for NACK-only mode2 is transmitted alone, the transmission is always based on Type-2 HARQ-ACK codebook (as stated in current TS38.213.). 
· FFS: 
· Alt1: the configured parameters are used for multiplexing NACK-only mode2 with other UCI or PUSCH according to the corresponding agreements
· Alt2: Not support NACK-only mode2 multiplexing with other UCI/PUSCH?




Codebook type for multicast is configured for all multicast transmission. However, it is also captured in the spec that NACK -only feedback always follows type-2.  To construct the feedback of type-1 multicast multiplexed with other UCI, the UE would normally prepare a sub-codebook for multicast, without differentiating between G-RNTIs, since each G-RNTI is configured with the same TDRA table as per previous agreements. If the NACK-only GRNTIs were treated separately, the UE would need to prepare yet another codebook, and the type-1 codebook would also have variable size depending on whether NACK-only was configured for a given G-RNTI.  We therefore propose to follow the configured parameters, and treat the NACK-only mode2 as part of the type1 multicast sub-codebook when multiplexed with other UCI. 
 
[bookmark: _Toc115466227]When pdsch-HARQ-ACK-CodebooklistMulticast indicates Type-1 CB, fdmed-ReceptionMulticast or type1-Codebook-GenerationMode is configured, for NACK-only in mode2, 
· [bookmark: _Toc115466228]Alt1: the configured parameters are used for multiplexing NACK-only mode2 with other UCI or PUSCH according to the corresponding agreements

support of mixed HARQ reporting in the same DL assignment
We note that the codebook type can be set independently, per G-RNTI, for ACK/NACK and NACK-only mode. If Type-II is configured for a G-RNTI for any UE then DAIs need to be included in DCI. Since also ACK/NACK vs NACK-only is set independently per UE, this also means that there can be “mixed cases”, with some UEs receiving a G-RNTI with ACK/NACK HARQ feedback and other UEs with NACK-only feedback. For mixed cases with ACK/NACK configured with Type I CB the DCI therefore needs to carry cDAI, unlike legacy unicast NR.

[bookmark: _Toc115466229] Mixed ACK/NACK and NACK-only cases are supported, with some UEs using ACK/NACK CB and other UEs using NACK-only but receiving the same PDCCH/PDSCH.
[bookmark: _Ref111572686]Type-2 codebook for NACK-only  
At RAN1#109, the following agreements were made:

	Agreement
For UE configured with NACK-only HARQ-ACK feedback, for Alt4 (from previous agreement), define the mapping between HARQ-ACK values and the PUCCH resources for the TBs configured with NACK-only as follows:
· The mapping is applied to both a single G-RNTI
· FFS: multiple configured G-RNTIs cases.
· FFS: how to order the TBs, whether/how to account for missed or non-scheduled TBs
· FFS whether/how PRI is used for indication. 

	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList



Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 1: when the HARQ-ACK-to-PUCCH mapping table for Alt4 (from previous agreement) is applied to a single G-RNTI (from network and UE perspective) 
· Opt1-1: based on C-DAI included in DL DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits.
· FFS: whether Opt1-1 can also work when different G-RNTIs are used for different UEs
· Note: other cases are not precluded

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. 




The following was proposed by the FL during RAN1#110:
	Proposal 2.2
The HARQ-ACK-to-PUCCH mapping table is applicable to case2 [and case3] for supporting NACK-only mode2:
· [bookmark: _Hlk111728461]Case 2: for the case of all UEs configured with the same set of G-RNTIs
· 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. 
· [Case 3: for the case of different UEs configured with different G-RNTIs
· 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. ]





Which “Cases” should be supported?

So far, only Case 1 (single G-RNTI in CB) has been agreed in RAN1, with Case 2 (multiple G-RNTIs in CB, with all UEs receiving the same set of G-RNTIs), and Case 3 (multiple G-RNTIs in CB, with UEs receiving different sets of G-RNTIs are being FFS.

We think Case 1 would be far too limiting for the use of NACK-only and multiple G-RNTIs should therefore be supported. We think however that Case 2 is a much too restricted variant of multiple G-RNTIs, so the ambition should be to support all three cases according to Case 3, but of course also supporting Case 1 and Case 2. We do not see any significant issues with this. 

Case 2 – cDAI vs cDAI*

Regarding Case 2 and Opt2-1-1 (“cDAI”): 

This solution works well for the case where the UE has received the PDCCH of all the TBs of the codebook (CB). However, when a PDCCH is missed this may ruin the whole CB feedback. 
Example (with TB numbering relative to all four potential TBs of the CB): 

Let’s assume there are two TBs transmitted for the CB: G-RNTI1/TB1 and G-RNTI2/TB2. 

With cDAI, if a UE only receives the PDCCH of TB2 it cannot infer that any TB was missed before TB2, since the cDAI=00 of the PDCCH of TB2 implies it is the first TB. The UE will therefore believe that this is the only TB and if this TB was correctly received the UE will not send HARQ feedback since it will believe that the situation is “all ACK”. The missed TB1 will therefore not be recovered.

With cDAI* on the other hand, the UE will in this situation be able to detect the missing TB1, so will report a PUCCH resource corresponding to NANN, i.e. PUCCH resource 3 of the agreed table. The missed TB will therefore be retransmitted, as expected.


cDAI and cDAI* (former Opt2-1-2) have equally good performance for the case where all PDCCHs of the CB are correctly received.
 
cDAI* (former Opt2-1-2) provides significantly better performance than cDAI for Case 2, when there are lost PDCCHs.

[bookmark: _Toc115466230]  cDAI* (former Opt2-1-2) is supported for Case 2.

Case 3 – cDAI vs cDAI*

Regarding Case 3 and Opt3-1-1: 

Using cDAI for Case 3 does unfortunately not work, even for the case where all PDCCHs are correctly received. This is due to a combination of two facts:
1. With Case 3, the UE only monitors the configured G-RNTIs, so it will only see a subset of the full set of TBs in the group-common NACK-only CB. For TB positions the UE is not configured with, the UE should not send NACK, since this would mean that each G-RNTI/TB transmission would always result in NACK from some UE not being configured with it, so all TBs would be retransmitted, which of course is unreasonable behavior. Instead, the UE would need to send ACK for all such non-configured TB positions and ACK or NACK on the TB positions for which there are scheduled G-RNTI TBs.
2. With cDAI there is no way the UE can know whether there are earlier TBs of another G-RNTI in the CB, before the latest received TB. The UE can therefore not position its received TBs correctly in the global CB and it can therefore not be ensured that a transmitted NACK corresponds to an actual erroneously received TB, or TB position of a missed PDCCH of the wanted G-RNTI.

Example: Consider a case with G-RNTI1/TB1 followed by G-RNTI2/TB2, and the UE is only configured with G-RNTI2, for which it needs to report NACK. The UE only receives TB2, which has cDAI=00, so the UE will believe this TB is the first one in the CB and will report NAAA. The erroneous second TB position in the CB will therefore be reported as ACK, so there will be no retransmission of TB2 and the UE will miss this data.
Please note that this is still assuming all PDCCHs of the wanted G-RNTIs are received correctly. The conclusion is that using cDAI only does not work for Case 3.

Opt3-1-1 does not generally offer a working solution for Case 3, even when all PDCCHs of the target G-RNTIs are received correctly.

With instead cDAI* used for Case 3, the situation is completely different. In the case all PDCCHs of the wanted G-RNTIs are received correctly, the TB position of each of these can directly be determined by the cDAI* value, so a received value cDAI=10 would e.g. mean that the TB belongs in the third position of the CB. In this way all received TBs can be correctly positioned in the CB and the correct A/N feedback can be provided on these. 

Using cDAI* for Case 3 (former Opt3-1-2) offers a working solution when all PDCCHs of the target G-RNTIs are received correctly.
Use of cDAI* and cDAI for Case 3
As explained above, on other TB positions than those from received PDCCHs, the UE would need to send ACK. With the assumption that all targeted PDCCHs are correctly received this would not be any problem, but if the UE misses some PDCCH of a targeted G-RNTI, one would like the UE to feedback a NACK and not an ACK. This is not generally possible, with any proposed solution, but some improvements can be made:
If, in addition to cDAI*, also cDAI is provided, the UE can detect any missed PDCCH before the last received one of a targeted G-RNTI.

Imagine e.g. a sequence of G-RNTI1/TB1, G-RNTI2/TB2, G-RNTI2/TB3, G-RNTI3/TB4, again with TB numbering according to the full CB.
Suppose the UE targets G1 and G2 and misses the PDCCH of G-RNTI2/TB2. The UE can then infer the correct TB positions of TB1 and TB3 from the received cDAI* and in addition identify the missed TB2 from the cDAI. The UE will thus send ANAA and will get TB2 retransmitted, which is also the optimum behavior of the system in this case.

Using cDAI* and cDAI for Case 3 offers a further enhanced solution and can cover cases also with a a missed PDCCH of a target G-RNTI.
For the use of cDAI* an additional DCI field would be required. When used with Type I CB, only cDAI* would be supported. When used with Type II CB, which has a native cDAI field, the addition of cDAI* would support the advanced functionality of Case 3, i.e. best foreseeable performance.

Observation: Type I CB with an additional cDAI* DCI field supports hybrid reception with both ACK/NACK UEs using Type I CB and NACK-only UEs using any of the Cases 1/2/3.

Type II CB with an additional cDAI* DCI field supports hybrid reception with both ACK/NACK UEs using Type II CB and NACK-only UEs using any of the Cases 1/2/3. In Case 3, this option supports the best foreseeable performance.

[bookmark: _Toc115466231] Support an additional 2-bit field for cDAI* in Type I and Type II CB DCI formats.

About CB-to-PUCCH resource table for Case 1, Case 2 and Case 3

For Case 1, the CB-to-PUCCH resource table from RAN1#109, quoted above, has been agreed.
We think the same table can be agreed for Case 2, since in both cases (Case 1 and Case 2) all UEs are supposed to receive the same set of G-RNTIs/TBs.
What is characteristic of this table is that whenever NACK is sent for a TB, then NACK is sent on all TBs not received by the UE, either because the UE did not successfully decode a PDCCH it was intended for, or because the TB was sent on a GRNTI not monitored by the UE. 

When analyzing Case 3, as has been explained above, it is not possible to follow the same philosophy, since this would mean that non-monitored and therefore non-received TBs would also generate NACK, i.e. all TBs would be retransmitted. Instead, the UE needs to send ACK on all TB positions where it is unknown for the UE whether the G-RNTI for this TB position is a monitored (but missed) PDCCH or a PDCCH of a non-monitored G-RNTI.

The resulting table or rule for sending NACK therefore needs to be accordingly modified for Case 3. We see two options, which technically boils down to the same thing, so there is no difference in substance between these two. One option is to define a separate table, see the table below:

[image: ]

An alternative description is simply to say that the table agreed for Case 1 (which also works directly for Case 2) can also work for Case 3, but with the following additional rule:

[bookmark: _Toc115466232] For Case 3, use the proposed alternative table above or reuse the agreed table with the following additional rule:
· [bookmark: _Toc115466233]Always assume 4 TBs in total and let all non-received TB positions, that cannot be attributed to the UE’s monitored G-RNTIs, be considered as ACK in the NACK-only reporting. 
· [bookmark: _Toc115466234]Note: Depending on whether only cDAI* or both cDAI* and cDAI are available, the UE may infer which TB positions that are monitored and which are not (ACK).

Example:  Both cDAI and cDAI* are used for Case 3 (Type II CB): The four TBs of the CB corresponds to G-RNTI1/TB1, G-RNTI2/TB2, G-RNTI2/TB3, G-RNTI3/TB4. The UE only monitors G-RNTI2 and misses TB2 but receives TB3 in error. From cDAI* of TB3 the UE can infer the TB position of TB3. From the cDAI of G-RNTI2/TB3, the UE can infer that there is a missing TB2 of G-RNTI2. The UE will therefore send NACK on both G-RNTI2 TB position (TB2 missed and TB3 in error) and will send ACK on TB1 and TB4 positions, since these cannot be determined to be monitored G-RNTIs.
PRI for NACK only mode2
The following was agreed during RAN1#110: 

	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. 




Supporting at least 2 different PRIs would enable to switch between the 15 PUCCH resources required for a 4-TB codebook dynamically, out of the up to 32 resources that can be in the list. By this e.g., 2 out of a larger number of different NACK-only CBs can be scheduled dynamically on the same set of 32 PUCCH resources. Of course also ACK/NACK feedback can be scheduled dynamically via PRI on a resource shared with NACK-only this way.

In order to illustrate our thinking, we first show the legacy PUCCH resource scheme as used for ACK/NACK feedback in Figure 3 and then in Figure 2 our proposed scheme for NACK-only mode2.

[image: ]
Figure 1 Legacy PUCCH resource scheme considering PRI, UCI and PUCCH resource sets

[image: ]


[bookmark: _Ref115439612]Figure 2 Proposed scheme for NACK-only, using PUCCH resource pools, one per PRI

UCI payload size is not a parameter here, consequently only a single PUCCH resource set is required, denote it PUCCH resource set 0. 

The UCI payload for NACK-only feedback is not a parameter selecting between PUCCH resource sets, as in the case for legacy PUCCH resource sets. 

[bookmark: _Toc115466235]PUCCH configuration for NACK-only contains a single PUCCH resource set. 

NACK-only mode2 supports up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, i.e. N<=4 feedback bits are mapped to 2^N-1 PUCCH resources, for which we propose the term PUCCH resource pool. Different PUCCH resource pools can be defined for different PRIs. The allocation of the agreed 32 possible PUCCH resources in the PUCCH resource set for NACK-only to the PUCCH resource pools can be configured by the gNB, ensuring that the same PUCCH resource is allocated to each pool only once. The allocation scheme in Figure 2 is one possible example  As usual it is up to the gNB to ensure that in any uplink slot a PUCCH resource is addressed only once so that collisions do not occur.


We note that for a G-RNTI some UEs may be configured for ACK/NACK feedback and some other UEs may be configured for NACK-only feedback. As PRI for G-RNTI DCI is agreed to be supported, we propose that the PRI information is also used by UEs configured for NACK-only.

[bookmark: _Toc115466236]For NACK-only mode2, the PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resource pools configurations for NACK-only.
The PRI in a PDCCH scrambled by a G-RNTI will therefore be interpreted as pointing to one PUCCH resource pool consisting of 15 PUCCH resources for NACK-only feedback by the UEs that have been configured for NACK-only mode2, and as pointing to one PUCCH configuration out of the PUCCH configuration set for ACK/NACK feedback by the UEs that have been configured for ACK/NACK feedback mode.

Currently 38.331 has in the PUCCH-Config:

PUCCH-ResourceSet ::=                   SEQUENCE {
    pucch-ResourceSetId                     PUCCH-ResourceSetId,
    resourceList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

maxNrofPUCCH-ResourcesPerSet            INTEGER ::= 32      -- Maximum number of PUCCH Resources per PUCCH-ResourceSet

maxNrofPUCCH-ResourcesPerSet =32 has also been agreed also for NACK-only. The ResourceSet definition could then be modifed to introduce the resource pool list like this:

PUCCH-ResourceSet ::=                   SEQUENCE {
    pucch-ResourceSetId                     PUCCH-ResourceSetId,
    poolList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcePoolsPerSet)) OF PUCCH-ResourcePoolId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

Each pool then could be specified like this:

PUCCH-ResourcePool ::=                   SEQUENCE {
    pucch-ResourcePoolId                     PUCCH-ResourcePoolId,
    resourceList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

The codewords in the NACK-only codebook are then enumerated and mapped in increasing order to the PUCCH-ResourceIDs in each PUCCH-ResourcePool.
Configuration of PUCCH for NACK-only  
The following agreement was discussed during RAN1#110 without convergence: 

	Agreement:
For the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast,
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively.
· FFS: how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast.




For NACK only configured with moreThanOneNackOnlyMode = mode2 , Since the PUCCH format/resources for NACK only is specific to this feedback type, a PUCCH configuration must be present to enable NACK only. In the absence of configured resources, the UE normally uses another configured resource for PUCCH (e.g. the low prio codebook could use the same resource as the high prio codebook). However, since NACK only PUCCH is very different from HARQ ACK/NACK, we believe it is necessary to have a PUCCH configuration for NACK only mode2. For other case (moreThanOneNackOnlyMode is not configured) , it is possible to either only use or fallback on either multicast or unicast configurations.

[bookmark: _Toc115466237]A UE configured with NACK only feedback and with moreThanOneNackOnlyMode = mode2 is always configured with a separate PUCCH configuration for NACK only.


value of the DCI indication of enable/disable HARQ  
the specification currently supports that all PDCCH scheduling PDSCH with HARQ feedback in the same UL slot may have a different HARQ enable/disable bit value in DCI. This create ambiguity for the payload size of the type-2 HARQ codebook, since the DAI counter is increased for each PDSCH scheduled, but feedback maybe disabled. In that case, a missed PDCCH may create a misalignment between the network and the UE and in turn, unnecessary retransmission.  In order to ensure a common view on the codebook size between the UE and the network, we propose to make the enable / disable HARQ bit in DCI have the same value for all PDCCH scheduling PDSCH with UL feedback in the same slot. 

[bookmark: _Toc115466238]The UE does not expect to receive DCIs with different HARQ enable/disable bits and scheduling PDSCH with UL feedback in the same UL slot. 
SPS collisions  
The following proposal remained opened after RAN1#109e:

	Initial Proposal 1-2-v4: 
For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
· If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· FFS 




The following was also captured to define what is supported by FDM:

	Conclusion
For FDM between one unicast PDSCH and one group-common PDSCH in a slot, only case 1 in the following cases is supported.
· Case 1: the unicast PDSCH and the group-common PDSCH in a slot are partially or fully overlapping in time domain and non-overlapping in frequency domain
· Case 2: the unicast PDSCH and the group-common PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain 
· Case 3: the unicast PDSCH and the group-common PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain




Based on the conclusion, we think that the first two bullets in initial proposal 1-2-v4 can be reused as is.  For the case where both FDM and TDM are supported, we interpret the capability as the UE being able to receive either 2 FDM unicast and multicast PDSCH, or 2 TDM unicast and multicast PDSCH. we think the collision handling should result in the selection of the SPS configuration with the lowest configuration index for each of unicast and multicast that do not overlap in both time and frequency. 

[bookmark: _Toc115466239]For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· [bookmark: _Toc115466240]If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· [bookmark: _Toc115466241]If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
i. [bookmark: _Toc115466242]the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
· [bookmark: _Toc115466243]If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
i. [bookmark: _Toc115466244]The UE resolves collisions by receiving the unicast SPS configuration and multicast SPS configuration with the lowest configuration index that do not overlap in both time and frequency. 
SPS activation / re-activation  
The issue was discussed during RAN1#109e but did not converge. The latest proposal was as follow:
	Proposal Error! Reference source not found.
If UE has received a first DCI activating a SPS PDSCH configuration, when the UE receives a second DCI re-activating the same SPS PDSCH configuration, the UE generates HARQ-ACK feedback only following the procedure according to the second DCI re-activating the SPS PDSCH configuration. 
· Note: it is the same procedure as legacy. 




In our view, the proposal is the only way to handle reactivation and keep the network and UE aligned as to how to handle the HARQ feedback for the activation. If the UE is expected not to respond to reactivation after a successful initial activation, there is a possible confusion if the network did not detect the initial activation’s HARQ response from the UE and expect a response. Therefore, we prefer to follow the legacy procedure and have the UE reply to reactivation even if the first activation was successful. 

[bookmark: _Toc115466245]Agree to the FL Proposal 
· [bookmark: _Toc115466246]If UE has received a first DCI activating a SPS PDSCH configuration, when the UE receives a second DCI re-activating the same SPS PDSCH configuration, the UE generates HARQ-ACK feedback only following the procedure according to the second DCI re-activating the SPS PDSCH configuration. 
· [bookmark: _Toc115466247]Note: it is the same procedure as legacy. 
UL-DAI  
During RAN1#108e, UL DAI for PUSCH carrying HARQ feedback was discussed for the following cases:
1. Type-1 codebook for both unicast and multicast. 
1. Type-2 codebook for both unicast and multicast
1. Unicast and unicast configured with diferent types of codebook. 

The case for type-1 codebook configured for both unicast and multicast was almost closed with the following agreement:

	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





We think no further restrictions are needed for this case and the discussion can be closed. 

For the case of type-2 codebook, 3 options were left open in the agreement:

	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




We think alt-1 is the only truly helpful solution among the 3. The purpose of UL DAI is to secure the size of the PUSCH payload so that in the even of wrongly sized harq feedback due to missied PDSCH, the UE can at least pad the embedded HARQ feedback and protect PUSCH integrity.  Alt1-2 put restriction to the scheduler,  and it is not very clear how to make use of the UL DAI in alt1-3. 
[bookmark: _Toc115466248]If Type-2 codebook is configured for unicast and multicast  the total number of HARQ-ACK bits is signalled with UL DAI indicating the sum of DL DAIs. 

For the case were unicast and multicast are of different types, the following was agreed:

	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




 
We think the same behaviour used for the type2 codebook-only case for both unicast and multicast can be applied for the UL DAI of multicast configured with type-2 when unicast is configured with type-1 codebook:
[bookmark: _Toc115466249]If Type-2 codebook is configured for multicast and type-1 codebook is configured for unicast the total number of multicast HARQ-ACK bits is signalled with the multicast UL DAI indicating the sum of multicast DL DAIs. 
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	When pdsch-HARQ-ACK-CodebooklistMulticast indicates Type-1 CB, fdmed-ReceptionMulticast or type1-Codebook-GenerationMode is configured, for NACK-only in mode2,
	Alt1: the configured parameters are used for multiplexing NACK-only mode2 with other UCI or PUSCH according to the corresponding agreements
Proposal 2	Mixed ACK/NACK and NACK-only cases are supported, with some UEs using ACK/NACK CB and other UEs using NACK-only but receiving the same PDCCH/PDSCH.
Proposal 3	cDAI* (former Opt2-1-2) is supported for Case 2.
Proposal 4	Support an additional 2-bit field for cDAI* in Type I and Type II CB DCI formats.
Proposal 5	For Case 3, use the proposed alternative table above or reuse the agreed table with the following additional rule:
	Always assume 4 TBs in total and let all non-received TB positions, that cannot be attributed to the UE’s monitored G-RNTIs, be considered as ACK in the NACK-only reporting.
	Note: Depending on whether only cDAI* or both cDAI* and cDAI are available, the UE may infer which TB positions that are monitored and which are not (ACK).
Proposal 6	PUCCH configuration for NACK-only contains a single PUCCH resource set.
Proposal 7	For NACK-only mode2, the PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resource pools configurations for NACK-only.
Proposal 8	A UE configured with NACK only feedback and with moreThanOneNackOnlyMode = mode2 is always configured with a separate PUCCH configuration for NACK only.
Proposal 9	The UE does not expect to receive DCIs with different HARQ enable/disable bits and scheduling PDSCH with UL feedback in the same UL slot.
Proposal 10	For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
-	If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
-	If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot,
i.	the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
-	If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot,
i.	The UE resolves collisions by receiving the unicast SPS configuration and multicast SPS configuration with the lowest configuration index that do not overlap in both time and frequency.
Proposal 11	Agree to the FL Proposal
-	If UE has received a first DCI activating a SPS PDSCH configuration, when the UE receives a second DCI re-activating the same SPS PDSCH configuration, the UE generates HARQ-ACK feedback only following the procedure according to the second DCI re-activating the SPS PDSCH configuration.
-	Note: it is the same procedure as legacy.
Proposal 12	If Type-2 codebook is configured for unicast and multicast  the total number of HARQ-ACK bits is signalled with UL DAI indicating the sum of DL DAIs.
Proposal 13	If Type-2 codebook is configured for multicast and type-1 codebook is configured for unicast the total number of multicast HARQ-ACK bits is signalled with the multicast UL DAI indicating the sum of multicast DL DAIs.
[bookmark: _In-sequence_SDU_delivery]
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