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	Introduction
In this contribution, we provide our view on the outstanding issues for group scheduling for NR MBS, based on the agreements made during RAN1#105-e. 
[bookmark: _Ref178064866]	Discussion
Transmission mode for MBS
Further details on PTP and PTM transmission for MBS	

In this section, we discuss three remaining issues with respect to HARQ processes and NDI for PTM operating together with PTP in the MBS system:
· How to ensure the correct distinguishing between new data and retransmission by the UE when HARQ processes are dynamically used for unicast/PTP and PTM
· How to support PTP retransmission of a PTM initial transmission, including handling the case of missed initial PTM transmission. 
· How to support a concurrent transmission/reception of the same TB via PTP and PTM in the same DL-to-HARQ cycle. 

NDI for the case of PTM reception
When the gNB transmits a new TB with a certain HARQ Process ID (HPID), with legacy unicast the gNB needs to toggle the NDI bit in the DCI. With unicast, there are no issues with this operation since only one UE receives the transmission. When reusing the same solution for PTM there may however be NDI conflicts across the UEs in the PTM group as UEs may have different “latest” NDI bit status for the current HPID, i.e., when a TB with the same HPID was used last time. 
It may e.g. be so that just before receiving the G-RNTI DCI, two different UEs have each received a TB using the same HPID, which for UE1 resulted in NDI bit status ‘0’ whereas for UE2 in NDI bit status ‘1’. When the gNB uses the same HPID for a new TB, with a G-RNTI that both UEs belong to, it is then logically impossible to toggle the NDI in a way that would satisfy the toggling rule for both UEs. This issue is not limited to previous reception via C-RNTI. The same conflict may arise when the earlier RNTIs are different G-RNTIs or G-RNTI and C-RNTI combinations.
A simple possible solution to this issue could be to introduce an additional rule stipulating that when a G-RNTI DCI is received, carrying a certain HPID and NDI, the UE should consider this to be new data if the most recent data reception with the same HPID used an RNTI that is different from the new G-RNTI. The change of RNTI for the relevant HPID would thus override any lack of NDI toggling. Within each G-RNTI the NDI would be toggled as usual when there is new data. In addition to keeping tack of the NDI status for each HPID the UE would, in addition, need to keep track of which RNTI was latest used, which implies a small complexity increase.
Another – simpler - method is to use the similar rule as in SPS, i.e. NDI bit ‘0’ means new data transmission and NDI bit ‘1’ means retransmission. The drawback with this is however that when the UE misses the PDCCH of an initial PTM transmission, a following PTM retransmission will not be interpreted as new data but as a retransmission of an earlier initial transmission using the same HPID, which will cause data failure.
We wish to point out the solving the identified issue is fundamental to the NR multicast solution, unless there is a semi-static and non-overlapping allocation of HPIDs to RNTIs, with e.g. separate sets of HPIDs for C-RNTI and each G-RNTI. This would severely compromise system flexibility and performance in an unacceptable way. It is therefore absolutely necessary to find a solution for this issue.
[bookmark: _Toc79175533]NDI conflicts may occur for PTM reception, when different UEs have different “latest” NDI bit status for the HPID. A new rule, based on new received RNTI overriding the NDI bit toggling for the HPID, can solve the identified issue.
We strongly favor the first mentioned method above (based on detecting changes of RNTI) since is expected to work well in all foreseeable situations, including a missed initial PTM PDCCH. We do not believe there are complexity issues with this, but should that anyway be the case, the simper “SPS method” could be used, with some performance degradation.
[bookmark: _Toc79175544]Downselect from the following two options, which both can be used to solve the NDI issue when a switch occurs from unicast transmission to group transmission or from one group transmission to another group transmission.
[bookmark: _Toc79175545]a) When a G-RNTI DCI is received with a given HPID in the DCI, the data shall be considered new, i.e. be treated as if the NDI bit had been toggled, irrespective of actual NDI toggling, if the G-RNTI is different from the most recent earlier received RNTI (i.e. C-RNTI or another G-RNTI) of the same HPID. When the received G-RNTI is the same as the most recent use of the HPID, legacy NDI toggling is used to indicate new data or retransmission.
[bookmark: _Toc79175546]b) Irrespective of earlier used RNTIs for the HPID, NDI bit ‘0’ means new data transmission, NDI bit ‘1’ means retransmission.
Handling of retransmission with PTM and PTP 
RAN1#105e produced the following study agreement regarding the issue of differentiating HARQ process ID used for PTP retransmission for unicast and for multicast:
	Agreement:
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.



In the following section, we discuss how a PTP re-transmission of a TB (transport block) with a given HARQ process ID (HPID) is notified depending on whether PTP or PTM has been scheduled last for the same HPID. The following cases are detailed:

There are two cases to handle regarding PTM initial transmission followed by PTP retransmission.
· The assignment (i.e. PDCCH) PTM initial transmission is successfully decoded. 
· The assignment (i.e. PDCCH) PTM initial transmission is missed. 

If the initial PTM PDCCH is correctly received, the UE will detect new data according to the new rule above (see Error! Reference source not found.), and will look at both the RNTI and NDI to assess whether the data is new.  
In a basic solution, the PTP retransmission then uses the same HPID and NDI as the PTM transmission, from which the UE can infer that the transmissions can be soft-combined following legacy NDI rules. This is expected to work well as long as the initial PTM PDCCH is correctly received.
However, if the UE misses the initial PTM PDCCH, the UE will not be aware of the PTM initial transmission. Therefore, the PTP retransmission, (signalled with an NDI and HARQ process ID), will be instead compared to the latest available NDI for the HARQ process, i.e., the latest PTM or PTP transmission (see Figure 1). There is a clear possibility of data corruption in the HARQ buffer, since if the last transmission has an NDI of the same value of the PTP transmission, the current rules tell the UE to combine the received data with the existing HARQ buffer. Therefore, a mechanism is needed to ensure that the buffer can be flushed even when the original PTM transmission is missed, and PTP re-transmission follows. 

[image: ]
Figure 1: A sequence of PTP unicast transmission, followed by PTM + PTP retransmission of PTM, on the same HARQ process. A missed PTM transmission will cause an error if the NDI is toggled between the two PTP transmission. The same issue will occur when the first PTP transmission is replaced by a PTM transmission using the same HPID and NDI

[bookmark: _Toc79175534]When the PDCCH of the PTM initial transmission is missed, a PTP retransmission of PTM may result on data corruption in the HARQ buffer depending on the NDI of the last PTP transmission prior to the PTM initial transmission

During RAN1#104b, the following was agreed:
	[bookmark: _Hlk71219888]Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.




The agreement is however incomplete. As clearly shown in the previous observation, there is a strong possibility of data corruption if the PTM original transmission is missed, whenever the NDI of the PTP retransmission is of the same value that the last available NDI attached to the HARQ process,.  

There are at least three different solutions how to handle this issue:
1. [bookmark: OLE_LINK11]Keep existing agreement about using the same HPID and NDI for PTM & PTP without additional measures.
2. Keep existing agreement about using the same HPID and NDI for PTM & PTP and add some enhancement to address the missed PTM PDCCH issue.
3. Change existing agreement in a way that could resolve the issue.

[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]With (1), a missed PTM PDCCH (which is not discovered by the gNB) would – when the retransmitted PTP NDI does not signal new data - cause a lost TB, since the UE would, with PTP ReTx , just discard the PTP data (earlier ACK) or soft-combine it with an obsolete HARQ buffer (earlier NACK). An alternative approach, compatible with (1), is that the gNB – by implementation - always toggles NDI for the PTP ReTx, i.e. the transmission of the TB is restarted with PTP using a new NDI value compared to the NDI in the PTM PDCCH, without any soft-combining. Both cases would work reasonably well but would be sub-optimum from a performance point of view, as either TBs would be lost in connection with missed PTM PDCCH or soft combining gains would always be lost. Compared to (3), the gNB has the possibility to “drop” the TB (i.e. toggle the NDI bit to signal new data even when the last TB was not correctly received) transmitted by PTM and schedule a new TB with PTP (but with same content as the missed PTM) in the next opportunity.  

With (2) additional enhancements to the NDI mechanism are introduced to address the issue. One possible such enhancement could be to introduce an additional bit in the unicast/PTP DCI format. This extra bit could explicitly indicate “PTP retransmission of PTM” . When the PTM PDCCH is missed, the UE would rely on this bit to detect new data, i.e. the NDI would then be discarded, since it could not be relied upon. When the PTM PDCCH is received as normal, the NDI value in the retransmitted PTP is used to indicate soft-combing or new data. The extra PTP DCI bit is then discarded. In this way performance would be optimum in both cases: whether PTM PDCCH is missed or not. A significant drawback is the changed DCI format for unicast/PTP, i.e. the MBS solution would have impact on legacy unicast, which is undesirable
With (3), the existing agreement could be changed in the following way, which would solve the issue without impact on legacy unicast:
The NDI of PTP ReTx is then not set to be the same as for PTM to indicate re-transmission, but to a value which is always different (i.e. toggled) from the latest earlier (PTP) use of the current HPID, before PTM reception. With this, new data on the PTP retransmission could always be detected, if the PTM PDCCH is missed. A toggled PTP NDI would then indicate a PTP Retransmission of an initial PTM transmission (i.e. allowing soft-combining), whereas a non-toggled NDI would indicate new data. 
When the initial PTM PDCCH is lost both NDI values will imply new data with respect to the earlier PTP. It does not matter for the UE whether the PTP carries a retransmission or new data. The HARQ buffer will be correctly flushed in both cases. With this use of the PTP NDI, it is possible for the UE to correctly infer retransmission or new data on PTP following the initial PTM PDCCH (whether or not the PTM PDCCH is correctly received). As mentioned, a toggled PTP NDI will indicate a retransmission whereas a non-toggled PTP NDI will indicate new data. 
In Table 1 and 2 below the NDI mechanism is more clearly outlined for all foreseeable cases. 
It is assumed that, on the HARQ process, there is an earlier sent PTP with TB#0 and NDI=0 for the UE, followed by a PTM initial Tx of TB#1, which may be retransmitted via PTM (no issue) or PTP (addressed by proposed solution). In a following step the gNB may choose to transmit new data on PTP using TB#2. 
As can be seen, the proposed scheme allows for optimum performance in all foreseeable scenarios, except for two very unlikely corner cases, see also the notes below (one for each case).

	[bookmark: _Hlk74724104]UE sends

	gNB receives UE HARQ feedback
	gnB transmits PTP
	UE interprets
	Comment

	ACK
	ACK
	New data, NDI=0
	New data, TB#2
	OK, Note 1

	
	NACK (UL error)
	ReTx, NDI=1
	ReTx, TB#1
	OK, Note 2

	
	NACK (UL error)
	New data, NDI=0
	New data, TB#2
	OK, Note 3

	
	
	
	
	

	NACK
	NACK
	ReTx, NDI=1
	ReTx, TB#1
	OK, Note 4

	
	NACK
	New data, NDI=0
	New data, TB#2
	OK, Note 5

	
	ACK (UL error)
	New data, NDI=0
	New data, TB#2
	Ok, Note 6


Table 1 – UE correctly receives the PTM PDCCH

	[bookmark: _Hlk74724129]UE sends
	gNB receives
	gNB transmits
	UE interprets
	Comment

	NACK
	NACK
	ReTx, NDI=1
	New data, TB#1
	OK, Note 7

	
	NACK
	New data, NDI=0
	ReTx, TB#0
	NOK, Note 8

	
	ACK
	New data, NDI=0
	ReTx, TB#0
	NOK, Note 9


Table 2 – UE misses the PTM PDCCH

Note 1: The TB#1 data is ACK’ed and the gNB transmits new data TB#2 on PTP. The UE correctly understands this.
Note 2: The UE ACK is erroneously received by the gNB as a NACK. The gNB retransmits TB#1. The UE correctly understands this.
Note 3: The UE ACK is erroneously received by the gNB as a NACK. Despite this, the gNB does retransmits TB#1, but chooses to transmit new data, TB#2. The UE correctly understands this.
Note 4: The TB#1 data is NACK’ed and the retransmits this. The UE correctly understands this.
Note 5: The TB#1 data is NACK’ed. Despite this, the gNB chooses to transmit new data, TB#2. The UE correctly understands this.
Note 6: The UE NACK is erroneously received by the gNB as an ACK. The gNB transmits new data, TB#2. The UE correctly understands this. The case where a UE NACK is erroneously received by the gNB as an ACK is known from legacy NR unicast and generates a TB error both for unicast and in this solution. At the PHY this is inevitable and not a limitation of the proposed solution. The point here is the following new data TB#2, which is correctly understood by the UE.
Note 7: UE misses the PTM PDCCH and transmits a NACK, which is correctly received by the gNB. The gNB retransmits TB#1. The UE correctly understands this is new data with respect to its HARQ buffer.
Note 8: An error case occurs when it is simultaneously the case that the UE misses the PTM PDCCH (p<10-3) AND the gNB decides not to retransmit, despite a received NACK. Both TB#1 (no ReTx) and TB#2 (wrongly soft-combined with TB#0) are then lost. Only the lost TB#2 is caused by the method since the lost TB#1 is a deliberate gNB choice. This combination is however deemed to be sufficiently unlikely to be neglected. The gNb can eliminate this issue by always sending either a PTM or PTP ReTx when receiving NACK on the initial PTM Tx (TB#1), which is anyway the default behavior of the gNB. It is only if the gNB chooses not to do so, i.e. it transmits new data despite a UE NACK, that there is an issue.
Note 9: An error case occurs when it is simultaneously the case that the UE misses the PTM PDCCH (p<10-3) AND there is a NACKACK error in the UL NACK (p<10-3). The combined probability for this is <10-6. This probability is deemed to be low enough to be neglected.

[bookmark: _Toc79175535]There are NDI issues with respect to PTM initial transmission followed by PTP retransmission, which may cause performance degradation. There are several different ways to handle this.
[bookmark: _Toc79175547] RAN1 to study possible ways of ensuring that with PTM initial Tx followed by PTP ReTx, the following functionalities are simultaneously supported:
a. [bookmark: _Toc79175548]When PTM PDCCH is correctly received, soft-combining of PTM and PTP ReTx is supported, as well as detection of new data on PTP
b. [bookmark: _Toc79175549]When PTM PDCCH is missed, the data of PTP ReTx is detected as new data
[bookmark: _Toc79175550]For the possible solutions, downselect from the following options:
c. [bookmark: _Toc79175551]Keep existing NDI agreement 
d. [bookmark: _Toc79175552]Keep existing NDI agreement and add further enhancements (e.g. using new PTP DCI signaling bit)
e. [bookmark: _Toc79175553]Change existing NDI agreement and add further enhancements 
f. [bookmark: _Toc79175554]Other solutions not precluded

Support for combining of PTP and PTM transmissions
During RAN1#104e, it was agreed to support retransmission via PTM or PTP. The following FFS was noted during RAN1#103e but remains unresolved:

· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

According to current specifications, if the network chooses to do PTP retransmission with one UE which also belongs to a G-RNTI based scheduling group, it cannot use the same HARQ process in PTM in the same PDSCH to HARQ time frame, as this would cause collision in the receiving UEs HARQ buffers. To support multiple retransmission schemes in the same group of UEs, enhancements to the specification is thus required. 
[bookmark: _Toc79175536]In the current specification, the UE is not expected to receive another PDSCH associated with the same HARQ process before it has decoded that process and responded with HARQ-ACK if configured to do so.
If a UE has the capability to process both the PTM and PTP transmission with the same HARQ ID, there could be some benefits both to the network and the UE. Firstly, the UE may be able to use soft combining between the PTP and PTM transmissions. By soft combining PTM and PTP transmissions, the spectral efficiency and coverage may be improved over what is achieved with either of PTM and PTP separately. This applies to both initial transmission and retransmissions. A Transport Block (TB), that is transmitted as PTM initial transmission or PTM retransmission, may be complemented by a parallel PTP initial transmission or PTP retransmission of the same TB. This means that the PTP transmission alone does not need to provide all required robustness. Instead, when the PTM transmission – taken alone - is insufficient for a UE to decode the TB, the PTM transmission can still be exploited by the UE and contribute to the overall robustness of the reception when combined with the PTP transmission. Secondly, even if the UE is not able to perform soft combining, it can alternatively attempt to decode separately PTP and PTM and benefit from the transmission diversity of selection combining.  

[bookmark: _Toc79175555]Based on UE capability, a UE in a G-RNTI-based scheduling group may receive both PTM and PTP with same HARQ process, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
If, for the same group of UEs, utilization of multiple retransmission (PTM and PTP) schemes is allowed, the UEs receiving the PTP-based retransmission will also “see” the PTM retransmission, as they also monitor group PDCCH. Therefore, the UEs will have to deal with two PDSCHs with the same HARQ process, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
The PDSCHs of the PTP and PTM can be either scheduled in the same slot or in different slots. In either case, the UE can process these two PDSCHs, respectively, scrambled via C-RNTI and G-RNTI, either separately (one or both PDSCHs) or jointly via soft-combining according to the capability. In practice, there can be a situation where the soft-combined PDSCHs may result in a HARQ-ACK for the decoding, even if both individual PDSCH decoding would have resulted in HARQ-NACK. In such case, the UE can directly provide the feedback corresponding to the soft-combining of the two PDSCHs, instead of providing feedback corresponding to each individual PDSCH. The existing type-1 or semi-static HARQ codebook construction supports this operation of the HARQ-ACK feedback for different PDSCHs. 
[bookmark: _Toc79175537]The existing type-1 or semi-static HARQ codebook construction supports HARQ feedback for different PDSCHs, so no additional specification work is required for the HARQ reporting in the case of combined PTM/PTP reception of the same TB.
[bookmark: _Toc79175556][bookmark: _Toc79175268][bookmark: _Toc79175409][bookmark: _Toc79175269][bookmark: _Toc79175410][bookmark: _Toc79175270][bookmark: _Toc79175411][bookmark: _Toc79175271][bookmark: _Toc79175412][bookmark: _Toc79175272][bookmark: _Toc79175413][bookmark: _Toc79175273][bookmark: _Toc79175414][bookmark: _Toc79175274][bookmark: _Toc79175415][bookmark: _Toc79175275][bookmark: _Toc79175416][bookmark: _Toc79175276][bookmark: _Toc79175417][bookmark: _Toc79175277][bookmark: _Toc79175418][bookmark: _Toc79175278][bookmark: _Toc79175419][bookmark: _Toc79175279][bookmark: _Toc79175420][bookmark: _Toc79175280][bookmark: _Toc79175421][bookmark: _Toc79175281][bookmark: _Toc79175422][bookmark: _Toc79175282][bookmark: _Toc79175423][bookmark: _Toc79175283][bookmark: _Toc79175424][bookmark: _Toc79175284][bookmark: _Toc79175425][bookmark: _Toc79175285][bookmark: _Toc79175426][bookmark: _Toc79175286][bookmark: _Toc79175427][bookmark: _Toc79175287][bookmark: _Toc79175428][bookmark: _Toc79175288][bookmark: _Toc79175429][bookmark: _Toc79175289][bookmark: _Toc79175430][bookmark: _Toc79175290][bookmark: _Toc79175431][bookmark: _Toc79175291][bookmark: _Toc79175432][bookmark: _Toc79175292][bookmark: _Toc79175433][bookmark: _Toc79175293][bookmark: _Toc79175434][bookmark: _Toc79175294][bookmark: _Toc79175435][bookmark: _Toc79175295][bookmark: _Toc79175436][bookmark: _Toc79175296][bookmark: _Toc79175437][bookmark: _Toc79175297][bookmark: _Toc79175438][bookmark: _Toc79175298][bookmark: _Toc79175439][bookmark: _Toc79175299][bookmark: _Toc79175440][bookmark: _Toc79175300][bookmark: _Toc79175441][bookmark: _Toc79175301][bookmark: _Toc79175442]Within the same HARQ feedback cycle, a UE may assume that two PDSCH transmitted with the same HARQ process ID corresponds to the same transport block, irrespective of NDI or RNTI used, for the purpose of combining.
Support of PTM2-based retransmission
PTM-2 is defined by the following agreement excerpt:
	· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    



Current RAN1 agreements support PTM-1 initial transmission followed by PTM-1 retransmission and/or PTP retransmission based on UE HARQ-ACK feedback. The use of PTM-2 for initial transmission and/or retransmissions is FFS.
Since HARQ ACK is agreed for PTM-1 we see no added value of supporting PTM-2 for initial transmission – this would only cost more in PDCCH overhead. It has been argued that with PTM-2 the UE-specific PDCCH could be made more robust due to better potential for beamforming of the PDCCH. However, the robustness of PTM-1 and PTM-2 PDSCH is the same and for PTM-1 the PDCCH robustness will anyway be better than the PTM-1/2 PDSCH robustness, so there is little benefit of further increasing the PDCCH robustness. Since the set of all UE-specific PDCCHs, scheduling a group-common PDSCH, will together require much more resources than a single group-common PDCCH one can more easily use a robust aggregation factor with the group-common PDCCH. Therefore, for the same total CCE occupation, with increasing number of users in a PTM group, the use of PTM-2 would rather decrease than increase the robustness of PDCCH compared to group-common PDCCH. 
Similar arguments can be used for PTM-1 vs PTM-2 retransmissions to show that PTM-2 retransmissions would not provide any significant gains over PTM-1 retransmissions. 
When PTM-2 retransmission is compared with PTP, we note that with PTP the retransmission can be fully optimized to the target UEs (e.g. using MIMO, UE-optimized beamforming etc), which is not possible in the same way with a group retransmission such as PTM-2. 
Our conclusion is therefore that there is no significant benefit of supporting PTM-2 for either initial transmission or retransmission, in addition to supporting PTM-1 initial transmission, PTM-1 retransmission and PTP retransmission, which are already agreed.  Additionally, the work item is now approaching the end, with only two meeting remaining after the August meeting and it becomes increasingly difficult to introduce a new PTM-scheme, given the time left. We think therefore no further studies of PTM-2 are required.
[bookmark: _Toc68033412][bookmark: _Toc79175538]PTM-1 is more efficient than PTM-2 for initial transmission and retransmissions of group-common PDSCH 
[bookmark: _Toc79175539]PTP is more efficient than PTM-2 for retransmission to individual UEs
[bookmark: _Toc61464105][bookmark: _Toc79175557]PTM-2 based initial transmission is not supported. 
[bookmark: _Toc79175558][bookmark: _Toc68033432][bookmark: _Toc68033433][bookmark: _Toc68033434][bookmark: _Toc68033435][bookmark: _Toc68033436][bookmark: _Toc68033437][bookmark: _Toc68033438][bookmark: _Toc68033439][bookmark: _Toc68033440][bookmark: _Toc68033441][bookmark: _Toc68033442][bookmark: _Toc68033443][bookmark: _Toc68033444][bookmark: _Toc68033445][bookmark: _Toc68033446]PTM-2 based retransmission is not supported. 
Bandwidth part operation for MBS 
The following Working Assumption was made at RAN1#105-e:
	Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP



Regarding the first FFS: 
We see no reason why not a CFR (i.e. “2B-CFR”) could be associated with the initial BWP, at least when the Initial BWP and CFR have an identical frequency regions. Assuming the Initial BWP is the same for all MBS UEs having the same CFR, there does however not seem to be much point in using a CFR smaller than the Initial BWP, since all UEs anyway need to monitor the full Initial BWP for SI/paging and there is then no gain in using a smaller CFR. We think therefore only the case with Initial BWP and CFR being having the same frequency region should be supported.
[bookmark: _Toc79175559]A CFR may be associated with the Initial BWP, provided the CFR and Initial BWP occupy identical frequency regions.
Regarding the second FFS: 
When a UE in RRC Connected uses another BWP than the Initial BWP as the active BWP and the Initial BWP is contained within the active BWP, it should be possible to use a CFR that is larger than the Initial BWP, provided the CFR is contained within the active BWP and the Initial BWP is contained within the CFR. Like legacy unicast UEs in RRC Connected, the UE can then monitor SI/paging in the Initial BWP in parallel with receiving data in the active BWP, including multicast data in the CFR. 
[bookmark: _Toc79175560]When the active BWP is other than the initial BWP, a configured CFR (on the active BWP) may be larger than the Initial BWP, provided the Initial BWP is contained within the CFR.
With reference to the earlier agreement that a selection between Option 2A and 2B should be done latest at RAN1#105-e, and with no further information contradicting the Working assumption then made, we propose to confirm the Option 2B Working assumption at RAN1#106-e and turn it into an agreement.
[bookmark: _Toc79175561]Confirm the working assumption about Option 2B and turn this into an agreement
Options for starting PRB and length of the Common frequency resource
The following agreements were made during RAN1#104e:
	Agreement:
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signalling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.



Both options are possible, but we note that the impact of a unicast BW reconfiguration of a UE is different in the two cases. There is also a difference in alignment between the solutions for multicast and broadcast.
In Option 1, since Point A is independent of the unicast BW, any reconfiguration of the unicast BW does not impact the definition of the CFR. With Option 1, there is therefore no need to reconfigure also the CFR because of a unicast BW reconfiguration. In Option 2 on the other hand, a unicast BW reconfiguration would have this undesired impact on the CFR. 
One additional argument for Option 1 is that it would be beneficial to have a common way to indicate the starting PRB for multicast and for broadcast in all RRC states. Since UEs in RRC Inactive/Idle are not RRC configured, they cannot rely on the starting PRB of a configured BWP. However, all UEs, irrespective of RRC state, will have a common understanding of Point A, since this this information is broadcast to all UEs.
[bookmark: _Toc79175562]We therefore propose to support Option 1 for functionality reasons and for having a common solution for multicast and broadcast. The reference point for the starting PRB of the CFR is Point A.
Number of CFRs
The following was agreed in RAN1#104b-e
	Agreement:
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP




Regarding first FFS: “Whether more than one CFR is supported per dedicated unicast BWP”
We think one CFR per dedicated unicast BWP is enough for the foreseeable use cases with Rel.17.
[bookmark: _Toc79175563]	Limit number of CFRs for multicast to one in Rel.17.

Regarding second FFS: “Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP”
This depends on how CFR is defined. When the frequency region of the multicast CFR is identical to that of the unicast BWP, there is no need to explicitly configure the CFR frequency region since the unicast BWP can be used as default. Similarly, if MBS were to reuse the same PDCCH/PDSCH/SPS configurations as in the unicast BWP there is no need to configure anything in addition for MBS. In the example, no additional BWP configurations are required for MBS. Is then a CFR implicitly defined, taking unicast values, or is there no CFR? It is a matter of definition of CFR, but clearly, we think it should be possible to use MBS on a unicast BWP, with little or even no additional configurations.

[bookmark: _Toc79175540]If the unicast BW is considered default for MBS BW, no CFR (frequency region) needs to be configured for the case where the unicast and MBS BWs are the same.
[bookmark: _Toc79175330][bookmark: _Toc79175469][bookmark: _Toc79175564]PDCCH-config, PDSCH-config and SPS-config for MBS that are partly or wholly the same as their unicast counterparts do not need to be explicitly configured, but can be inferred from unicast configurations 
[bookmark: _Toc79175565]MBS is supported also when no CFR (frequency region) is configured for the case where the unicast and MBS BWs are the same.
SPS for MBS
SPS activation and deactivation
The following was agreed in RAN1#104b-e
	
Agreement:
Confirm the working assumption: 
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation




The following was agreed in RAN1#105e regarding the recovery of the activation order:
	Agreement:
For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support at least one of the following alternatives.
· Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation




Regarding the FFS about which method to choose to when the group-common PDCCH activation of SPS group-common PDSCH command is missed by some UE, we believe this activation command need be retransmitted via MAC-CE. The reason is as below. If the command is retransmitted via group-common PDCCH, it will cause confusion to those UEs who have already received the activation command. UE may think that it receives another SPS activation command, i.e. there are two SPS running at the same time unless all the SPS related parameters derived from this retransmission can override those from previous one. However, HARQ process ID used by SPS is derived according to the equation below, 
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes + harq-ProcID-Offset
That is, it is related to the slot number that activation command is sent. When slot number is different (which is common for the case when SPS periodicity is not integral multiple of 10), then UE will derive a different HARQ process ID. 
It is also not suitable to use UE specific PDCCH to retransmit the activate command as well. Similar as above, if the slot that this UE specific PDCCH activation command is different from that of the original group common SPS activation command, the start slot of SPS group common PDSCH and the HARQ process ID derived by UE could be different from the original one. Furthermore, the MCS/PRB allocation in the UE specific PDCCH are for the unicast PDSCH. Therefore, MCS/PRB derived by UE via this UE specific PDCCH could be different from that in the original PTM PDCCH activation command. Based on the need to carry the information related to the original activation, a new “activation recovery” DCI would be needed, which could cause issues with e.g. DCI alignment. 
[bookmark: _Toc79175541]When activation command is re-transmitted via either group common PDCCH or UE specific PDCCH, UE might not able to derive the right SPS parameters in the original activation command.
The right way would be to use a PTP-transmitted MAC-CE message to individually activate SPS for the MBS group. This MAC-CE message includes the necessary information, e.g., the slot and the MCS, PRB allocation etc that are aligned with those in the original group-based SPS activation PDCCH. The MAC CE message could be transmitted in PTP to each UE which did not respond to the PDCCH based activation. Alternatively, the MAC CE message could be transmitted to a group of UEs via PTM-1 if many UEs in the group did not receive the activation message properly. For UEs having received the activation message correctly, the message will be redundant, but not conflicting with the previously detected PDCCH activation.
The SPS de-activation method should use group-based group PDCCH de-activation in a first step. If the group de-activation fails for some UEs, unicast PDCCH carrying the de-activation message can be use. Since SPS deactivation command is just used to release SPS, it is fine to send UE specific PDCCHs with SPS deactivation commands to those UE who missed group-common deactivation PDCCH command. Since SPS configuration numbers are shared between PTP and PTM, and no data is associated with deactivation, the DCI content is a simple validation message for de-activation. Thus there is no need to create a specific DCI for PTP deactivation of group based SPS. 
The UE specific PDCCH de-activation command should use CS-RNTI and not G-CS-RNTI. This should not be a problem, as the identification of the SPS configuration is done with a configuration identifier in the PDCCH order (contained in the same location as the HARQ field). We note that since the configuration identifier is common to PTP and PTM (there is a single pool of SPS configurations common to PTM and PTP), the group SPS transmission could also be deactivated via PTP, even in the first deactivation attempt. This could be useful when few UEs are receiving the SPS transmission.


[bookmark: _Toc79175333][bookmark: _Toc79175472][bookmark: _Toc68033420][bookmark: _Toc79175334][bookmark: _Toc79175473][bookmark: _Toc79175335][bookmark: _Toc79175474][bookmark: _Toc79175566]For group based SPS, MAC-CE should be used to retransmit the SPS activation command. This MAC-CE CE containing the same SPS related parameters that was carried in the original SPS activation command, which includes slot number where it was transmitted and the MCS/PRB allocation. 
[bookmark: _Toc79175567]For deactivation, UE specific PDCCH deactivation order can be sent to UEs not responding to the group de-activation PDCCH. 
[bookmark: _Toc79175568]For deactivation, UE specific PDCCH deactivation order can be used to deactivate a group-based SPS. 

During RAN1#104b-e, an FFS was agreed for UE specific activation of a PDSCH scrambled with G-CS-RNTI. As this is essentially an SPS version of PTM-2 (unicast PDCCH scheduling a group PDSCH), we propose not support it. It is preferable to align the SPS and scheduled PDCCH design for multicast.    

[bookmark: _Toc79175542]Unicast PDCCH scrambled with C-RNTI is not supported for group-common PDSCH
[bookmark: _Toc79175569]Do not support unicast PDCCH scrambled with CS-RNTI for activation of group SPS PDSCH. 
Use of G-CS-RNTI and Number of group configurations for SPS 
In RAN1#104b-e, the following was agreed:
	
Agreement:
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.
· FFS: Number of G-CS-RNTI.

Agreement:
Send an LS to RAN2 regarding at least the following questions:
· Whether RAN1 should take into account the case of UE supporting multiple G-RNTIs?

Agreement:
Include the following in the LS to RAN2:
· Whether RAN1 should consider the case of UE supporting multiple G-CS-RNTIs?
· The agreements related to SPS will also be included in the LS for information 

R1-2104045	LS on G-RNTI and G-CS-RNTI for MBS

Agreement: 
For RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. 
· It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively.




[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21]In the configuration of SPS, the CS-RNTI is currently configured at the cell level within PhysicalCellGroupConfig. Since it has been agreed to leave it to gNB to decide which of the 8 SPS configuration will use multicast or unicast, the G-CS-RNTI for group scheduling should be configured in SPS-config for each of the configurations. G-CS-RNTI and CS-RNTI should be possible to be configured for the same configuration if retransmission via PTP of the group SPS is supported. 

[bookmark: _Toc79175570]G-CS-RNTI is configured per SPS configuration. If not configured, the UE assumes CS-RNTI is used for PDSCH. 
[bookmark: _Toc79175571][bookmark: OLE_LINK18]CS-RNTI and G-CS-RNTI can be configured for the same SPS configuration. 
The number of G-CS-RNTI can be aligned with the number of G-RNTIs and up to UE capability. 

[bookmark: _Toc79175572]The number of supported G-CS-RNTI per UE up to UE capability. The maximum number of G-CS-RNTI can be aligned with the number of G-RNTI per UEs. 
simultaneous reception of PTP and PTM retransmission in SPS

In RAN1#104b-e, the following was agreed:
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group



The simultaneous reception of PTM1 and PTP retransmission is also discussed for scheduled transmission (i.e for multicast group-common PDSCH with G-RNTI and scheduled unicast with G-RNTI). A similar analysis can be done for SPS. Different UEs can receive either unicast or multicast retransmission of SPS group common PDSCH. However, since UEs will always monitor the group PDCCH scrambled with G-CS-RNTI for retransmissions, the UEs configured to detect unicast retransmission via a CS-RNTI will see both retransmissions. If the UE detects two PDCCH for retransmission of the same HARQ process according to the same mechanism, the two retransmissions could be received simultaneously by a UE with the capability. As previously mentioned for PDCCH-based for scheduled multicast simultaneous reception, simultaneous reception of the two PDSCHs in the same HARQ cycle will produce two separate HARQ feedback bits. It is up to UE implementation to decide how to populate the HARQ buffer once the PDSCHs have been received (e.g. combine the PDSCH, or discard one of them), since they correspond to the same harq process. 

[bookmark: _Toc79175573]PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
[bookmark: _Toc79175574]The simultaneous reception of PTP and PTM retransmission for a given UE is up to UE implementation, pending a UE capability. 
UL Feedback for SPS  
UL feedback for SPS can be split in two categories:
· Feedback for PDSCH with a corresponding PDCCH for activation and de-activation
· Feedback for PDSCH without a corresponding PDCCH
As previously stated, for SPS to work all PDCCH used for activation/deactivation must be acknowledged by the UE to ensure reception of the SPS commands whatever if RRC configure UE to use ACK/NACK HARQ feedback, NACK-only HARQ feedback or no HARQ feedback at all.  
For SPS PDSCH without PDCCH (i.e. all other SPS PDSCH slots), then it can be according to the RRC configuration or according to the activation/deactivation indicator in the SPS activation command. That is,  we can reuse the framework that will be agreed for scheduled MBS .  
[bookmark: _Toc79175575]The UE is expected to provide HARQ-ACK feedback for all PDCCH associated with a PDCCH activation or deactivation command for SPS whatever UE is configured to send ACK/NACK HARQ feedback, NACK-only HARQ feedback, or no HARQ feedback at all.
[bookmark: _Toc79175346][bookmark: _Toc79175485][bookmark: _Toc79175576]The UE can be configured to either transmit HARQ-ACK feedback, NACK-only feedback, or no HARQ feedback at all for the SPS PDSCH not corresponding to a SPS PDCCH activation or deactivation.
[bookmark: _Toc79175543]For the PDCCH-less SPS-PDSCH the mechanism to support HARQ and HARQ-less or NACK-only can reuse what is designed for non-SPS MBS PDSCH scheduling. 
[bookmark: _Toc79175577][bookmark: _Toc79175349][bookmark: _Toc79175488]The SPS UL feedback framework for the SPS scheduled (i.e. PDCCH-less) PDSCH is the same as for non-SPS MBS PDSCH scheduling.  
PDCCH configuration for MBS
CORESETs for MBS 
Regarding the number of CORESETs for MBS, the following was agreed in RAN1#105e:
	Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.



 
Moreover, the following was agreed in RAN1#104b-e
	Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
 





The options discussed CORESETs configured in PDCCH-config, but should be extended to include CORESET#0. CORESET-0 is configured for common search space (CSS) obtained via master information block (MIB) on physical broadcast channel (PBCH) before any RRC is transmitted. If the CORESET0 resides in the MBS bandwidth, it should be possible to use it for group-common PDCCH scheduling.  
[bookmark: _Toc79175578]Group common PDCCH for multicast can be configured in CORESET0 if CORESET0 is within a CFR. 
[bookmark: OLE_LINK12]Additionally, it should be clarified that search spaces for unicast and multicast can coexist in the same CORESET, as configuration parameters existing in the RRC information elements of CORESET can be shared by uncast and multicast. 
[bookmark: _Toc79175579]Group common PDCCH and unicast PDCCH can be configured within the same CORESET

Regarding the options to configure the CORESET to be used for PTM-1, the following proposal was discussed without reaching an agreement:

	[High] Updated Proposal 2-2 (for conclusion): 
If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state,
· the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for PTM-1 transmission if the CORESET is fully contained in the CFR in frequency domain.
the CORESET configured in PDCCH-config for MBS in the CFR can be used for PTP transmission.




One comment was that it should be clarified how the UE knows the multicast parameters if it monitors a CORESET in a unicast PDCCH-config. One proposal was to allow the unicast CORESETs to also be used in multicast if there are no CORESETs configured in the CFR. 
Since it was agreed as a working assumption that the number of CORESETs monitored by a UE will not be increased and that the share of these CORESETs to be used for multicast is up the gNB implementation, having a split between unicast and multicast coresets with no possibility of sharing the coresets unless no CORESETs are configured in CFR results in less available unicast CORESETs. For this reason, it is desirable to have the possibility to have the flexibility to schedule unicast and multicast PDCCHs in any CORESET available. 


Given the limited amount of CORESETs available to the UE, it is preferable to allow them to be used both for unicast and multicast, independently of their location in CFR or in unicast configuration. The usage of the coreset (for multicast or unicast purpose) depends of what search space is configured (and what DCI is configured in that search space) as well as the frequency range spanned by the coreset.  Based on this, it is not necessary to configure specifically a coreset for MBS in a CFR configuration. The network can simply follow a rule saying that if a coreset bandwidth fits in the CFR, then it can allocate search spaces with DCI for multicasts. 

[bookmark: _Toc79175580]Support option 1 from RAN1#104b regarding using CORESETs from unicast with multicast:
g. [bookmark: _Toc79175581]If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state, the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for PTM-1 transmission if the CORESET is fully contained in the CFR in frequency domain.
h. [bookmark: _Toc79175582]the CORESET configured in PDCCH-config for MBS in the CFR can be used for PTP transmission.

[bookmark: _Toc79175583]The UE does not expect a search space configured with multicast DCIs to be configured in a CORESET with bandwidth not corresponding to a CFR bandwidth.  
Search spaces
The discussion on CSS yielded the following agreement in RAN1#105-e:
	Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS




Regarding whether type-x CSS can be a Type-3 CSS, we believe that Type 3 CSS can be reused. During release 16, the type3 CSS was extended to include the new DCI formats 2_4, 2_5, 2_6 in the common search space. For release 17, we propose to extend it further to support the DCI(s) used by group common PDCCH.
[bookmark: _Toc79175357][bookmark: _Toc79175496][bookmark: _Toc79175584]Extend the existing type3 CSS from Rel-15/16 to support additional DCIs for scheduling via group common PDCCH  

DCI formats and BDs for MBS PDCCH candidates
New DCI formats for multicast:

In RAN1#105-e, the following was agreed:
	Agreement:
As a baseline, reuse existing fields in DCI format 1_0 with CRC scrambled by C-RNTI for the fields of first DCI format with CRC scrambled with G-RNTI.
· FFS: how to determine the bitlength of FDRA field.
· FFS: Whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields
· Note: All of the fields may not be reused and the size of the fields may not be the same

Agreement:
As a baseline, reuse existing fields in DCI format 1_1 for the fields of the second DCI format with CRC scrambled with G-RNTI.
· FFS: whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’ and ‘Bandwidth part indicator’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields for the second DCI format
· Note: All of the fields may not be reused and the size of the fields may not be the same





To select the content of DCI formats for multicast, the following should be considered:
· Power control of the uplink via TPC should be handled via unicast. The current design assume a downlink unicast (PTP) connection is available toward the UE in RRC_CONNECTED mode.
· Group scheduling is not likely to be able to utilize a large amount (i.e. more than 4) of MIMO layers, and therefore will be limited to a single TB per DCI. 
· Aperiodic SRS triggers are already present in unicast and group triggering of SRS will require careful scheduling/configuration in order not to crowd the uplink with SRS. 
· Enhanced dynamic codebook and other release 16 features in DCI 1_1 are of low priority for multicast
· There is no uplink DCI formats for multicast

The DCI fields for each DL DCI for multicast are listed in appendix A. based on the analysis it seems that the following fields can be removed or modified in DCI 1_1:
· TPC command for PUCCH is removed (Can be handled via unicast TPC)
· SRS request removed (can be handled by unicast)
· UL DL identifier bit can be removed as there is no UL format for multicast. 
· The FDRA field uses the PRB size and start PRB of the CFR (or the DL BWP if CFR is not configured) in the definition of the FDRA. 
Additional fields can also be removed by configuration, and therefore the removal of these fields can be up to the gNB implementation. 

[bookmark: _Toc79175585]The non-fallback DCI for multicast is using the same fields as DCI1_1 with the following modification:’
i. [bookmark: _Toc79175586]TPC command for PUCCH is removed
j. [bookmark: _Toc79175587]UL DL identifier bit  is removed. 
k. [bookmark: _Toc79175588]SRS request is removed
l. [bookmark: _Toc79175589]The FDRA field  uses the PRB size and start PRB of the CFR (or the DL BWP if CFR is not configured) in the definition of the FDRA. 
· 

Similarly, DCI 1_0 can be used for a fallback multicast formats, with the following fields removed or modified:
· UL DL identifier bit can be removed as there is no UL format for multicast. 
· TPC command for PUCCH is removed (Can be handled via unicast TPC) 
· The FDRA field for multicast fallback format DCI should follow similar rules than for DCI 1_0
· In the common search space  is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of the CFR if CORESET 0 is not configured for the cell. 
· The size of the initial BWP if no CFR is configured. 


[bookmark: _Toc79175590]The fallback DCI for multicast is using the same fields as DCI 1_0 with the following modification:
m. [bookmark: _Toc79175591]TPC command for PUCCH is removed 
n. [bookmark: _Toc79175592]UL DL identifier bit  is removed. 
o. [bookmark: _Toc79175593] The FDRA field for the DCI in the common search space is given by
i. [bookmark: _Toc79175594]- the size of CORESET 0 if CORESET 0 is configured for the cell; and
ii. [bookmark: _Toc79175595]- the size of CFR if CORESET 0 is not configured for the cell.
1. [bookmark: _Toc79175596]The size of the initial BWP if no CFR is configured. 

Counting of G-RNTI in the DCI budget

  Regarding the 3+1 budget for DCI sizes, the following was agreed in RAN1#105e:
	
Agreement:
Confirm the working assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.




In order to preserve the DCI “3+1” budget rule, the DCI alignment sequence need to be amended to include the new DCIs for multicast.  In release 16, the alignment procedure was extended to allow alignment to include the DCIs 1_2 and 0_2. In that case, fallback DCIs 0_0 and 1_0 are aligned in both CSS and USS, and non-fallback DCI 1_1 and 0_1 are aligned. The remaining DCI in the budget is used by the aligned DCI 1_2 and 0_2. 
We propose to reuse a similar procedure for the non-fallback multicast DCI (refered as DCI 1_3).  This would mean inserting a “step 2B” in the alignment procedure, and counting the G-RNTI as “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
[bookmark: _Toc79175597]The  G-RNTI is counted as   “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
[bookmark: _Toc79175374][bookmark: _Toc79175513][bookmark: _Toc79175375][bookmark: _Toc79175514][bookmark: _Toc79175598]The determination of non-fallback multicast DCI size, monitored in the common search space  is inserted as step ”2B” in the DCI alignment procedure 

For multicast fallback DCI, the DCI may be transmitted in the CSS without any increase of Blind Decoding and can thus avoid additional DCI size alignment procedures between multicast and unicast DCIs. The G-RNTI-based CRC check is used to differentiate the MBS fallback DCI from unicast fallback DCI. 

[bookmark: _Toc79175599][bookmark: _Toc79175378][bookmark: _Toc79175517][bookmark: _Toc79175379][bookmark: _Toc79175518][bookmark: _Toc79175380][bookmark: _Toc79175519][bookmark: _Toc79175381][bookmark: _Toc79175520][bookmark: _Toc79175382][bookmark: _Toc79175521]The fallback DCI for multicast is aligned in size with DCI 1_0 and differentiated via the G-RNTI-based CRC check. 
Consideration for scrambling of reference signals in multicast 
In unicast, for non-fallback DCI, scrambling of the PDCCH and DMRS is configured by pdcch-DMRS-ScramblingID. However, the current specification limits the use of pdcch-DMRS-ScramblingID to the UE specific search space. For group common PDCCH non-fallback DCI in CSS, it is desirable to follow the same design guidelines as with unicast PDCCH non-fallback. Therefore, it is proposed that the DMRS scrambling ID for the multicast PDCCH should also be configurable. 
Similarly, in legacy NR unicast, a DMRS scrambling ID is used for PDSCH when the DCI is a non-fallback.  The DMRS scrambling initialization depends on the parameter nID as well as the C-RNTI, MCS-C-RNTI, or CS-RNTI. It is proposed to also align the design for the PDSCH DMRS in multicast to legacy NR unicast, i.e. to support the same type of RRC configured scrambling for PDSCH also with multicast.
This allows maximum commonality with NR unicast and allows simultaneously a large degree of flexibility, which is desirable and with no significant complexity penalty.

[bookmark: _Toc79175600][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]When scheduling with non-fallback DCI, Scrambling parameters n_ID and n_RNTI for group PDCCH DMRS in the CSS is given by pdcch-DMRS-ScramblingID and the group PDCCH G-RNTI, respectively. 
[bookmark: _Toc79175601]Scrambling parameters n_ID and n_RNTI for group PDSCH schedule by the multicast non-fallback DCI in CSS is given by 
p. [bookmark: _Toc79175602]N_RNTI is given by G-RNTI
q. [bookmark: _Toc79175603]n_ID =  the higher-layer parameter dataScramblingIdentityPDSCH  if CORESETPoolIndex is not configured
r. [bookmark: _Toc79175604]if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values 
i. [bookmark: _Toc79175605]n_ID =  the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0
ii. [bookmark: _Toc79175606]n_ID = the higher-layer parameter dataScramblingIdentityPDSCH2 if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;

To further motivate the two Proposals above one should also consider the aspect of Single Frequency Network (SFN) support. The WID states the following about SFN:

	
SFN provides synchronized delivery of user plane packets over the air from different cells. No standardized support specifically for SFN, is provided in this WI. Any SFN operation is transparent to the UE, and any related synchronization is left to network implementation. The existing QCL framework (based on SSB and CSI-RS) is reused.
------[text ommited]--------- 
Any design decisions taken for this WI in Release 17 shall not prevent introducing the following features in future Releases:
· Standardised support of SFN over multiple cells above gNB-DU level;
 ------[text ommited]--------- 





We note that to allow SFN over multiple cells, using PDCCH in CSS, DMRS and PDSCH scrambling cannot be based on the Physical Cell Id (PCI), but need instead to be configured with identical scrambling in all cells of the SFN. This requires RRC-configured scrambling, as proposed above. 
If this type of scrambling is only introduced as part of future releases, Rel.17 UEs will not be able to receive MBS in multiple-cell SFNs, which is in contradiction with the WID’s statement about “not prevent introducing” SFN “in future Releases”.

We therefore think that, although the proposed scrambling functionality can be motivated already without SFN considerations, adding also the WID’s statement about forward-compatibility with respect to SFN support in future releases, makes a strong case to agree on the proposed type of scrambling for Rel.17 MBS.

Further details on Group PDSCH

	Agreement:
For multicast of RRC_CONNECTED UEs, further study
· How the LBRM (Limited buffer rate-matching) for GC-PDSCH TBS is determined.
· how the xOverhead for GC-PDSCH TBS determination is configured.
· whether MAC-CE over GC-PDSCH is needed for activation/deactivation of semi-persistent ZP CSI-RS resource set if the semi-persistent ZP CSI-RS resource set is configured in PDSCH-Config in CFR.




[bookmark: OLE_LINK4][bookmark: OLE_LINK5]According to 38.214, TBS when LBRM is enabled is determined by the maximum MIMO layer, maximum modulation order, etc. Currently maximum MIMO layer is configured in PDSCH-ServingCellConfig which is common across UE’ BWP of one serving cell. Previous agreement is to just align configuration of PDSCH-Config in CFR which is not enough as different UE maximum MIMO layer could be different. Therefore it is necessary to make sure all the parameters which affect TBS of LBRM are aligned for a group of UE.
[bookmark: _Toc79175607][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]All the parameters that affect TBS of LBRM for group PDSCH need be configured within CFR. 
Similarly, currently, xOverhead which determines the TBS is configured in PDSCH-ServingCellConfig. Since different UE xOverhead could be configured differently, the TBS for group PDSCH then may not be the same for a group of UEs. Therefore xOverhead should be configured in CFR as well.
[bookmark: _Toc79175608][bookmark: OLE_LINK9][bookmark: OLE_LINK10]xOverhead for group PDSCH TBS determination need be configured within CFR. 
Both NZP-CSI-RS and ZP-CSI-RS affect PDSCH rate matching. The NZP-CSI-RS configuration per UE can be different. In order to let all UE in a group have the same understanding of rate matching, the ZP-CSI-RS configuration per UE shall be different as well. Therefore, it is meaningless to configure common ZP-CSI-RS in CFR. Then apparently, the MAC-CE to activate/deactivte ZP-CSI-RS should still be UE specific and transmitted over UE specific PDSCH. 
[bookmark: _Toc79175609]ZP-CSI-RS configuration should be UE specific and thus shall not be configured in PDSCH-Config in CFR. Due to this, MAC-CE to activate/deactivate semi-persistent ZP CSI-RS resource set should be still transmitted over UE specific PDSCH. 


	Conclusion
In the previous sections we made the following observations: 
Observation 1	NDI conflicts may occur for PTM reception, when different UEs have different “latest” NDI bit status for the HPID. A new rule, based on new received RNTI overriding the NDI bit toggling for the HPID, can solve the identified issue.
Observation 2	When the PDCCH of the PTM initial transmission is missed, a PTP retransmission of PTM may result on data corruption in the HARQ buffer depending on the NDI of the last PTP transmission prior to the PTM initial transmission
Observation 3	There are NDI issues with respect to PTM initial transmission followed by PTP retransmission, which may cause performance degradation. There are several different ways to handle this.
Observation 4	In the current specification, the UE is not expected to receive another PDSCH associated with the same HARQ process before it has decoded that process and responded with HARQ-ACK if configured to do so.
Observation 5	The existing type-1 or semi-static HARQ codebook construction supports HARQ feedback for different PDSCHs, so no additional specification work is required for the HARQ reporting in the case of combined PTM/PTP reception of the same TB.
Observation 6	PTM-1 is more efficient than PTM-2 for initial transmission and retransmissions of group-common PDSCH
Observation 7	PTP is more efficient than PTM-2 for retransmission to individual UEs
Observation 8	If the unicast BW is considered default for MBS BW, no CFR (frequency region) needs to be configured for the case where the unicast and MBS BWs are the same.
Observation 9	When activation command is re-transmitted via either group common PDCCH or UE specific PDCCH, UE might not able to derive the right SPS parameters in the original activation command.
Observation 10	Unicast PDCCH scrambled with C-RNTI is not supported for group-common PDSCH
Observation 11	For the PDCCH-less SPS-PDSCH the mechanism to support HARQ and HARQ-less or NACK-only can reuse what is designed for non-SPS MBS PDSCH scheduling.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Downselect from the following two options, which both can be used to solve the NDI issue when a switch occurs from unicast transmission to group transmission or from one group transmission to another group transmission.
a) When a G-RNTI DCI is received with a given HPID in the DCI, the data shall be considered new, i.e. be treated as if the NDI bit had been toggled, irrespective of actual NDI toggling, if the G-RNTI is different from the most recent earlier received RNTI (i.e. C-RNTI or another G-RNTI) of the same HPID. When the received G-RNTI is the same as the most recent use of the HPID, legacy NDI toggling is used to indicate new data or retransmission.
b) Irrespective of earlier used RNTIs for the HPID, NDI bit ‘0’ means new data transmission, NDI bit ‘1’ means retransmission.
Proposal 2	RAN1 to study possible ways of ensuring that with PTM initial Tx followed by PTP ReTx, the following functionalities are simultaneously supported:
a.	When PTM PDCCH is correctly received, soft-combining of PTM and PTP ReTx is supported, as well as detection of new data on PTP
b.	When PTM PDCCH is missed, the data of PTP ReTx is detected as new data
Proposal 3	For the possible solutions, downselect from the following options:
a.	Keep existing NDI agreement
b.	Keep existing NDI agreement and add further enhancements (e.g. using new PTP DCI signaling bit)
c.	Change existing NDI agreement and add further enhancements
d.	Other solutions not precluded
Proposal 4	Based on UE capability, a UE in a G-RNTI-based scheduling group may receive both PTM and PTP with same HARQ process, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
Proposal 5	Within the same HARQ feedback cycle, a UE may assume that two PDSCH transmitted with the same HARQ process ID corresponds to the same transport block, irrespective of NDI or RNTI used, for the purpose of combining.
Proposal 6	PTM-2 based initial transmission is not supported.
Proposal 7	PTM-2 based retransmission is not supported.
Proposal 8	A CFR may be associated with the Initial BWP, provided the CFR and Initial BWP occupy identical frequency regions.
Proposal 9	When the active BWP is other than the initial BWP, a configured CFR (on the active BWP) may be larger than the Initial BWP, provided the Initial BWP is contained within the CFR.
Proposal 10	Confirm the working assumption about Option 2B and turn this into an agreement
Proposal 11	We therefore propose to support Option 1 for functionality reasons and for having a common solution for multicast and broadcast.The reference point for the starting PRB of the CFR is Point A.
Proposal 12	Limit number of CFRs for multicast to one in Rel.17.
Proposal 13	PDCCH-config, PDSCH-config and SPS-config for MBS that are partly or wholly the same as their unicast counterparts do not need to be explicitly configured, but can be inferred from unicast configurations
Proposal 14	MBS is supported also when no CFR (frequency region) is configured for the case where the unicast and MBS BWs are the same.
Proposal 15	For group based SPS, MAC-CE should be used to retransmit the SPS activation command. This MAC-CE CE containing the same SPS related parameters that was carried in the original SPS activation command, which includes slot number where it was transmitted and the MCS/PRB allocation.
Proposal 16	For deactivation, UE specific PDCCH deactivation order can be sent to UEs not responding to the group de-activation PDCCH.
Proposal 17	For deactivation, UE specific PDCCH deactivation order can be used to deactivate a group-based SPS.
Proposal 18	Do not support unicast PDCCH scrambled with CS-RNTI for activation of group SPS PDSCH.
Proposal 19	G-CS-RNTI is configured per SPS configuration. If not configured, the UE assumes CS-RNTI is used for PDSCH.
Proposal 20	CS-RNTI and G-CS-RNTI can be configured for the same SPS configuration.
Proposal 21	The number of supported G-CS-RNTI per UE up to UE capability. The maximum number of G-CS-RNTI can be aligned with the number of G-RNTI per UEs.
Proposal 22	PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
Proposal 23	The simultaneous reception of PTP and PTM retransmission for a given UE is up to UE implementation, pending a UE capability.
Proposal 24	The UE is expected to provide HARQ-ACK feedback for all PDCCH associated with a PDCCH activation or deactivation command for SPS whatever UE is configured to send ACK/NACK HARQ feedback, NACK-only HARQ feedback, or no HARQ feedback at all.
Proposal 25	The UE can be configured to either transmit HARQ-ACK feedback, NACK-only feedback, or no HARQ feedback at all for the SPS PDSCH not corresponding to a SPS PDCCH activation or deactivation.
Proposal 26	The SPS UL feedback framework for the SPS scheduled (i.e. PDCCH-less) PDSCH is the same as for non-SPS MBS PDSCH scheduling.
Proposal 27	Group common PDCCH for multicast can be configured in CORESET0 if CORESET0 is within a CFR.
Proposal 28	Group common PDCCH and unicast PDCCH can be configured within the same CORESET
Proposal 29	Support option 1 from RAN1#104b regarding using CORESETs from unicast with multicast:
a.	If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state, the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for PTM-1 transmission if the CORESET is fully contained in the CFR in frequency domain.
b.	the CORESET configured in PDCCH-config for MBS in the CFR can be used for PTP transmission.
Proposal 30	The UE does not expect a search space configured with multicast DCIs to be configured in a CORESET with bandwidth not corresponding to a CFR bandwidth.
Proposal 31	Extend the existing type3 CSS from Rel-15/16 to support additional DCIs for scheduling via group common PDCCH
Proposal 32	The non-fallback DCI for multicast is using the same fields as DCI1_1 with the following modification:’
a.	TPC command for PUCCH is removed
b.	UL DL identifier bit  is removed.
c.	SRS request is removed
d.	The FDRA field  uses the PRB size and start PRB of the CFR (or the DL BWP if CFR is not configured) in the definition of the FDRA.
Proposal 33	The fallback DCI for multicast is using the same fields as DCI 1_0 with the following modification:
a.	TPC command for PUCCH is removed
b.	UL DL identifier bit  is removed.
c.	The FDRA field for the DCI in the common search space is given by
i.	- the size of CORESET 0 if CORESET 0 is configured for the cell; and
ii.	- the size of CFR if CORESET 0 is not configured for the cell.
1.	The size of the initial BWP if no CFR is configured.
Proposal 34	The  G-RNTI is counted as   “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
Proposal 35	The determination of non-fallback multicast DCI size, monitored in the common search space  is inserted as step ”2B” in the DCI alignment procedure
Proposal 36	The fallback DCI for multicast is aligned in size with DCI 1_0 and differentiated via the G-RNTI-based CRC check.
Proposal 37	When scheduling with non-fallback DCI, Scrambling parameters n_ID and n_RNTI for group PDCCH DMRS in the CSS is given by pdcch-DMRS-ScramblingID and the group PDCCH G-RNTI, respectively.
Proposal 38	Scrambling parameters n_ID and n_RNTI for group PDSCH schedule by the multicast non-fallback DCI in CSS is given by
a.	N_RNTI is given by G-RNTI
b.	n_ID =  the higher-layer parameter dataScramblingIdentityPDSCH  if CORESETPoolIndex is not configured
c.	if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values
i.	n_ID =  the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0
ii.	n_ID = the higher-layer parameter dataScramblingIdentityPDSCH2 if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;
Proposal 39	All the parameters that affect TBS of LBRM for group PDSCH need be configured within CFR.
Proposal 40	xOverhead for group PDSCH TBS determination need be configured within CFR.
Proposal 41	ZP-CSI-RS configuration should be UE specific and thus shall not be configured in PDSCH-Config in CFR. Due to this, MAC-CE to activate/deactivate semi-persistent ZP CSI-RS resource set should be still transmitted over UE specific PDSCH.
[bookmark: _In-sequence_SDU_delivery]
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Appendix A DCI for multicast

list of fields in DCI 1_1 with proposed removed bits

	Field
	Needed for multicast
	Note

	Identifier for DCI formats – 1 bits
	no
	There is no uplink multicast format and G-RNTI can be used as to differienciate the format from unicast.

	Carrier indicator
	Yes
	

	BWP indicator
	Yes
	

	Frequency domain resource assignment
	Yes
	Meaning of FDRA to be discussed

	Time domain resource indicator
	Yes
	

	VRB-to-PRB mapping  
	Yes
	

	PRB bundling size indicator
	Yes
	

	Rate matching indicator
	Yes
	

	ZP CSI-RS trigger
	maybe
	 Depends on conclusion regarding ZP CSI RS in group scheduling

	Modulation and coding scheme (TB1)
	Yes
	

	NDI (TB1)
	Yes
	

	RV  (TB1)
	Yes
	

	Modulation and coding scheme (TB2)
	Yes
	

	NDI (TB2)
	Yes
	

	RV  (TB2)
	Yes
	

	HARQ process number
	Yes
	

	DAI
	Yes
	

	TPC command for PUCCH
	No
	Can be handled via unicast TPC. 

	PRI
	Yes
	

	PDSCH to HARQ feedback timing indicator
	Yes
	

	One-shot HARQ-ACK request
	no
	Can already be removed by configuration

	PDSCH group index
	maybe
	Depends if enhanced dynamic codebook is supported.  Can be removed by configuration

	New feedback indicator
	maybe
	Depends if enhanced dynamic codebook is supported. Can be removed by configuration

	Number of requested PDSCH group(s)
	maybe
	Depends if enhanced dynamic codebook is supported. Can be removed by configuration

	Antenna port(s)
	Yes
	

	Transmission configuration indication
	Yes
	

	SRS request
	maybe
	Could be handled by unicast

	CBG transmission information (CBGTI)
	Yes
	Can already be removed by configuration

	CBG flushing out information (CBGFI)
	Yes
	Can already be removed by configuration

	- DMRS sequence initialization
	Yes
	

	Priority indicator
	Yes
	

	ChannelAccess-CPext
	Yes
	

	Minimum applicable scheduling offset indicator
	maybe
	Can be removed by configuration

	SCell dormancy indication
	maybe
	Can be handled by unicast



 
list of fields in DCI 1_0 with proposed removed bits

	Field
	Needed for multicast
	Note

	Identifier for DCI formats – 1 bits
	no
	There is no uplink multicast format and G-RNTI can be used as to differienciate the format from unicast. 

	Frequency domain resource assignment
	Yes
	Meaning of FDRA to be discussed

	Time domain resource assignment
	Yes
	

	VRB-to-PRB mapping  
	Yes
	

	Modulation and coding scheme
	Yes
	

	New data indicator – 1 bit 

	Yes
	

	RV
	Yes
	

	HARQ process number
	Yes
	

	DAI
	Yes
	

	TPC command for PUCCH
	No
	Can be handled via unicast TPC. 

	PRI
	Yes
	

	PDSCH to HARQ feedback timing indicator
	Yes
	

	Channel Access type and CP extention indicators
	Yes
	0 bits if the cell is not a shared spectrum cell.
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