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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#104b-e. 
[bookmark: _Ref178064866]	Discussion
Transmission mode for MBS
Further details on PTP and PTM transmission for MBS	
the following was agreed in RAN1#104e:
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.




Additionally, the following was agreed in RAN1#104b-e:

	Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.

Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.






Support for combining of PTP and PTM transmission
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: _Toc71673975]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: _Toc71673993]Based on UE capability, a UE in a G-RNTI-based scheduling group may receive both PTM and PTP with same HARQ process and NDI, 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: _Toc71673976]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: _Toc71673994]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.
NDI collisions
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 since only one UE receives the transmission. When reusing the same solution for PTM there may however be NDI conflicts since there may be UEs in the PTM group, which 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 belongs 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 different G-RNTI and C-RNTI.
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.
[bookmark: _Toc71673977]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.
[bookmark: _Toc71673995]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 of the same HPID.

NDI for the case of PTM initial transmission followed by PTP Retransmission
If the initial PTM PDCCH is correctly received, the UE will detect new data according to the new rule above, see Proposal 3. 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.
However, if the UE misses the PTM PDCCH, the UE will not be able to detect new data from this PDCCH but will have to rely on the received PTP PDCCH. But since the NDI of the PTP is tied (by current agreement) to the NDI value for PTM, it can be the same as the UE’s latest earlier NDI of the same HPID. As pointed out above, when the gNB selects an NDI to use for a new data PTM transmission, this may be the same or different NDI from the latest NDI used by UEs for this HPID. From this follows that the PTP ReTx NDI may be the same as the earlier PTP NDI. When this happens, new data is not detected so the HARQ buffer is not flushed as it should be. If the earlier PTP transmission was ACK’ed the UE will discard the PTP retransmission and if it was NACK’ed the UE may erroneously soft-combine the received (retransmitted) PTP with the HARQ buffer.
There are at least three different solutions how to handle this issue:
1. 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 “fix” to address the missed PTM PDCCH issue.
3. Change existing agreement in a way that could resolve the issue.

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 always toggles NDI for the PTP ReTx, i.e. the transmission of the TB is restarted with PTP using a new HPID, without any soft-combining. Both cases would work reasonably well but would be sub-optimum from a performance point of view.

With (2) some “fix” is introduced to address the issue. One possible such fix could be to introduce an additional bit in the unicast/PTP DCI format. This extra bit could explicitly indicate new data. 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 DCI bit is then discarded. In this way performance would be optimum in both cases: whether PTM PDCCH is missed or not. The drawback is the changed DCI format for unicast/PTP.

With (3), the existing agreement could be changed in the following way:
The NDI of PTP ReTx is then not set to be the same as for PTM, but to a value which is always different from the latest earlier 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. 
When the PTM PDCCH is received, the NDIs of PTM and PTP will not always match, so the UE will instead need to assume that, for a given HPID, when a PTM transmissions is followed by a PTP transmission they should be considered the same data and can be soft-combined. 
There is an however an issue with respect to when the UE would no longer maintain this assumption. It could e.g. happen that after a normal PTM-only transmission with a given HPID, the same HPID is reused for another transmission using PTP, perhaps at a much later point in time. When could then the UE revert to normal NDI rules and rely on the NDI toggling to detect new data? Some rule for this would also be needed.

[bookmark: _Toc71673978]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: _Toc71673996] RAN1 to study possible ways of ensuring that with PTM initial Tx followed by PTP ReTx, the following functionalities are simultaneously supported:
a. [bookmark: _Toc71673997]When PTM PDCCH is correctly received, soft-combining of PTM and PTP ReTx is supported
b. [bookmark: _Toc71673998]When PTM PDCCH is missed, the data of PTP ReTx is detected as new data
[bookmark: _Toc71673999]Downselect from the following options:
c. [bookmark: _Toc71674000]Keep existing NDI agreement and add further support
d. [bookmark: _Toc71674001]Keep existing NDI agreement and add further support, possibly using new PTP DCI signaling bit
e. [bookmark: _Toc71674002]Change existing NDI agreement
f. [bookmark: _Toc71674003]Other solutions not precluded

NDI for the case of simultaneous reception of PTM and PTP
For the case of simultaneous reception of the same data with PTM and PTP we distinguish between three sub-cases:
1. PTM is received first, followed by PTP. PTM and PTP may be received in different slots of in the same slot with mini-slot TDM.
2. PTP is received first, followed by PTM. PTM and PTP may be received in different slots of in the same slot with mini-slot TDM.
3. PTM and PTP are received in the same slot at the same time, i.e. via FDM
In the description of sub-cases below, we assume that the NDIs for simultaneous PTM and PTP transmissions of a given HPID may be different, since the NDI is not needed to indicate possible soft-combing, but the PTP NDI needs to be adjusted to support the case where the PTM PDCCH is missed. 

Sub-case 1: PTM first, followed by PTP
For the initial transmission, NDI for PTM is here treated as for the PTM-only case, see above. With this the UE knows whether to flush the HARQ buffer. If also the PTP PDCCH schedules a PTP PDSCH to be received within the dlDataToUL-to-ACK of the PTM PDSCH , the PTP is assumed to carry the same data, no matter the NDI of the PTP. The fact that same HARQ process ID is received via both PTM and PTP within the dlDataToUL-to-ACK thus overrides the value of NDI of the received PTP DCI. This allows for proper operation for all three possible cases of reception: UE receives only PTM, UE receives both PTM and PTP and UE receives only PTP (UE misses the PTM PDCCH). In the latter case the NDI is set to ensure that the UE will detect new data when receiving only PTP, which is always possible.
For a retransmission, with PTM and PTP in the sub-case 1 order, the NDI is not toggled on either of PTM and PTP, relative to the initial transmission, but other things apply equally as in the initial transmission case.

Sub-case 2: PTP first, followed by PTM
NDI for the initial transmission of PTP follows legacy unicast rules, so a toggled NDI here flushes the HARQ buffer. The fact that same HARQ process ID is received via both PTP and PTM within the dlDataToUL-to-ACK overrides both the value of NDI of the received PTM DCI and the fact that this HPID has just been received via another RNTI. If PTP and PTM are received as in Sub-case 1, but with reversed order, the UE may soft-combine the received PTM PDSCH with the HARQ buffer.
For a retransmission, with PTP and PTM in the sub-case 2 order, the NDI is not toggled on either of PTM and PTP, but other things apply equally as in the initial transmission case.

Sub-case 3: PTM and PTP are received in the same slot at the same time
This could in principle follow either of Sub-case 1 and 2 above. Since the PTP NDI alone is able to indicate new data in both cases, there is no ambiguity in the interpretation of new data between the two sub-cases, so UE behavior could be left to implementation.
For a retransmission, with PTM and PTP in either the sub-case 1 or 2 order, the NDI is not toggled, but other things apply equally as in the initial transmission case.

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 past half-way 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: _Toc71673979]PTM-1 is more efficient than PTM-2 for initial transmission and retransmissions of group-common PDSCH 
[bookmark: _Toc71673980]PTP is more efficient than PTM-2 for retransmission to individual UEs
[bookmark: _Toc61464105][bookmark: _Toc71674004]PTM-2 based initial transmission is not supported. 
[bookmark: _Toc71674005][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 agreement was struck during RAN1#104e:

	 
Agreement:
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities
· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not





 In RAN1#104b-e, the following was agreed:

	Agreement:
The down-selection of Option 2A and Option 2B for CFR for multicast of RRC-CONNECTED UEs will be made before the end of RAN1#105-e.

Conclusion: 
It is based on gNB implementation to schedule unicast on the frequency resources covered by CFR configured for multicast.



Options for common frequency resources for group PDCCH/PDSCH  
Our analysis of the two options in the agreement, Option 2A (“2A”) and Option 2B (“2B”) is presented here.
Analysis of Option 2A 
With 2A, there is a conventional unicast BWP and in addition a dedicated multicast BWP covering the common frequency resource. Multicast is restricted to the multicast BWP whereas unicast may be transmitted anywhere in the unicast BWP. The unicast BWP is RRC configured such that the PDCCH scheduled on the unicast BWP is monitored  with C-RNTI while the PDCCH scheduled on the multicast BWP is typically monitored with G-RNTI. In addition, one may reasonably assume that the C-RNTI PDCCH is also scheduled on the multicast BWP.
Keeping in mind that with the current BWP framework there may only be one active BWP at a time, one can observe the following consequences if the existing BWP framework is simply reused:
· The UE needs to dynamically switch active BWP between slots, which include multicast and unicast. This implies a change of center frequency. If type 2 scheduling (mini-slot) is to be fully supported, the UE may need to support dynamically switching within a slot.
· Currently BWP switching is only mandatory via RRC reconfiguration, which is not dynamic and would require very large overhead in RRC signaling and consequently some latency, so is totally impractical for the present use case.
· To support dynamic BWP switching, DCI signaling is required, which would need to be an additional core UE capability for the MBS feature. Not all UEs support dynamic switching.
· According to the current BWP framework, a BWP switch with change of center frequency would require some switching delay, causing an interruption in both the downlink and the possibilities of UL HARQ feedback (affecting also unicast HARQ feedback).
· With only one active BWP at a time, when the multicast BWP is active the unicast BWP is inactive, so the UE cannot receive unicast. Any unicast transmission during multicast slots would need to be squeezed into the multicast BWP, leaving the bandwidth outside the multicast BWP usable only for UEs that are not switched to the multicast BWP.
· Unicast transmissions in the multicast BWP would need to use another unicast PDCCH than the normal one, with FDRA field size and interpretation according to the multicast BWP. This means that the same unicast PDSCH will need to be scheduled by two different PDCCHs, one configured on the unicast BWP and the other on the multicast BWP.
The negative implications of 2A with a one-active-BWP assumption are unacceptable: Instead of switching BWPs, the UE would need to have two fixed active BWPs and no switching. This is necessary to allow unicast reception outside the multicast BWP for slots where the UE is receiving multicast. This would also avoid the requirements about switching delays in connection with switching. Since the common frequency resource of the multicast BWP is also part of the unicast BW this can in practice be done without issues – the UE simply keeps its FFT window and is able to get all unicast and multicast RBs within this.
With two active BWPs, the UE would receive all unicast in the unicast BWP and all multicast in the multicast BWP. Since the unicast BWP is overlapping with the multicast BWP the unicast transmitted in the common frequency part would then be considered transmitted on the unicast BWP.
The use of two active BWPs would however significantly impact the MAC layer, so would have non-trivial RAN2 impact. Such impact will require significant liaisons between RAN1 and RAN2 to clarify that the approach is viable and would also require significant additional work for RAN2, which may delay the standardization. See [5].
[bookmark: _Toc71673981] With Option 2A, the UE would need to have two simultaneously active BWPs, which is preferable to BWP switching.
[bookmark: _Toc71673982]The use of two active BWPs will have significant MAC layer impact and require significant RAN2 work

Analysis of Option 2B
2B is simpler since it does not need to use multiple active BWPs and can use a single BWP. In this way the specification work is simpler and there is no impact on required number of active BWPs or on the MAC layer with RAN2 implications.

Required configurations to support 2A and 2B
As agreed in RAN1, for both 2A and 2B there is fundamentally a need to configure the UE with a Common Frequency Resource (i.e. frequency range) and to configure the UE with MBS-specific additional configurations for PDCCH, PDSCH and SPS.
With this, both 2A and 2B would cover a general case where the BW of the multicast is different (smaller) than the unicast BWP and where the MBS configurations for PDCCH, PDSCH and SPS are different from those used for unicast. There are however possible special cases, where the configuration can be simplified: The BW of multicast may be the same as the unicast BW and/or the MBS configurations for PDCCH, PDSCH and SPS may be the same as for unicast.
For 2A one may then consider - in total - the following variants:
· A unicast BWP and an MBS BWP are configured. The MBS BWP may reuse existing RRC configuration message structures for MBS-specific configurations of PDCCH, PDSCH and SPS. This covers the general case of both supporting an MBS-specific frequency range and MBS-specific RRC configurations of PDCCH, PDSCH and SPS.
· When multicast uses the same bandwidth as unicast there is however no need to configure a second BWP – the unicast BWP can be reused for MBS. For this case there are two possible variants of RRC Configuration, depending on whether there is a need for MBS-specific configurations of PDCCH, PDSCH and SPS:
· When there is a need for MBS-specific configurations of PDCCH, PDSCH and SPS, these are configured directly on the unicast BWP in addition to legacy unicast configurations. RRC configuration messages therefore need to include additional MBS-specific configurations. The effect of this is that the unicast BWP is configured with separate sets of PDCCH, PDSCH and SPS configurations for unicast and MBS.
· When there is no need for MBS-specific configurations of PDCCH, PDSCH and SPS, the RRC configurations of PDCCH, PDSCH and SPS for unicast are reused also for multicast, i.e. without dedicated MBS configuration. In this case nothing more needs to be configured on the unicast BWP. The optional MBS configurations for PDCCH, PDSCH and SPS are then not used.

[bookmark: _Toc71674006]If 2A is selected, when the unicast and multicast BWs are the same, it should be possible to configure MBS on the unicast BWP alone, i.e. without using an MBS BWP.
[bookmark: _Toc71674007]	If 2A is selected, when MBS is configured on the unicast BWP, it should be possible to use MBS-specific RRC configurations of PDCCH, PDSCH and SPS on the unicast BWP.
[bookmark: _Toc71674008]	If 2A is selected, when MBS is configured on the unicast BWP, it should be possible to reuse the unicast RRC configurations of PDCCH, PDSCH and SPS for MBS by not using any MBS-specific RRC configurations for MBS.

For 2B one may consider - in total - the following variants:
· A unicast BWP is additionally RRC configured with an MBS-specific frequency range and with dedicated MBS configurations for PDCCH, PDSCH and SPS. The MBS BWP may reuse existing RRC configuration message structures for PDCCH, PDSCH and SPS. This covers the general case of both supporting an MBS-specific frequency range and MBS-specific RRC configurations of PDCCH, PDSCH and SPS.
· There are two possible variants of RRC Configuration of PDCCH, PDSCH and SPS for MBS, depending on whether dedicated configurations for MBS are needed or not:
· Additional, MBS-specific configurations for PDCCH, PDSCH and SPS are configured, as in the general case.
· As a special case, RRC configurations of PDCCH, PDSCH and SPS for unicast are reused also for multicast. In this case nothing more needs to be configured on the unicast BWP. The optional MBS configurations for PDCCH, PDSCH and SPS are then not used. This in turn reduces the RRC signaling overhead.
[bookmark: _Toc71673983]When multicast uses the same frequency range as unicast, there is no need to explicitly RRC configure a CFR (frequency range), since the unicast frequency range, as given by the unicast BWP, then applies for both unicast and MBS.
[bookmark: _Toc71674009]If 2B is selected, explicit configuration of the CFR (frequency range) is optional when the CFR is the same as the unicast BWP.
[bookmark: _Toc71674010]	If 2B is selected, it should be possible, as a special case, to reuse the unicast RRC configurations of PDCCH, PDSCH and SPS for MBS, in which case MBS-specific configurations are not used.

Broadcast reception in RRC Connected
There are RAN1 and RAN2 agreements that broadcast transmissions should be receivable in all RRC states, i.e. including RRC Connected. Assuming a UE is configured with a broadcast BWP (Initial BWP or other BWP) via a broadcast MCCH signaling channel, a UE in RRC Connected needs to receive in parallel the broadcast transmission and unicast/multicast.

With Option 2A, the reception of an MCCH-configured broadcast BWP could be treated in the same way as an MBS BWP for multicast, when the broadcast BWP is contained within the unicast BWP and uses the same numerology. If no MBS BWP has been configured the UE can process the broadcast BWP in a similar way as a multicast MBS BWP. However, assuming the UE support of only a single CFR, when also a multicast MBS BWP has been RRC configured this MBS BWP and the broadcast BWP need to be aligned, i.e. occupy the same frequency range, to allow parallel reception of multicast and broadcast. This also means that the PDCCH, PDSCH and SPS configurations indicated by the MCCH need to be inherited by the MBS BWP, so that they apply on the MBS BWP in addition to the RRC configured PDCCH, PDSCH and SPS configurations for multicast. 
[bookmark: _Toc71674011]If 2A is selected, and no MBS BWP has been configured (i.e. for multicast), the UE should receive the broadcast BWP like an MBS BWP, which should allow parallel reception of unicast and broadcast.
[bookmark: _Toc71674012]If 2A is selected, when the UE is RRC configured with an MBS BWP and MCCH configured with a broadcast BWP, these BWPs need to be aligned in the sense of using the same frequency range. In this case the MBS BWP “inherits” the broadcast BWP, so that the broadcast BWP is not counted as an additional BWP in the overall number of BWPs that the UE is configured with.

With Option 2B, the UE is not assumed to have more than one active BWP, so cannot receive the broadcast BWP in parallel with the unicast BWP if the broadcast is treated by the UE as a second BWP. Assuming the broadcast MCCH includes configurations of a CFR (frequency range) of the broadcast transmission and broadcast configurations for PDCCH, PDSCH and SPS, it should however be possible to let the UE be configured by the MCCH in such a way that the unicast BWP “inherits” the CFR (frequency range) and PDCCH, PDSCH and SPS configurations of broadcast, given by MCCH. With this, these MCCH configurations are seen by the UE as additional configurations of the unicast BWP, rather than configurations of another BWP. With this, the CFR (frequency range) of the broadcast BWP is therefore interpreted by the UE like a 2B-based multicast CFR. The UE would thus receive the broadcast transmission in this CFR, like the way it receives multicast in a CFR.
Similar to the 2A case above, when a 2B-based multicast CFR has been RRC configured, the broadcast CFR and the multicast CFR need to be aligned, so that they occupy the same frequency range, to allow parallel reception of multicast and broadcast using a common CFR. This also means that the MCCH configurations of PDCCH, PDSCH and SPS for broadcast are also inherited to the unicast BWP and become configurations on this.
In the most general case this could mean that the UE is configured with three sets of PDCCH, PDSCH and SPS - one set for each of unicast, multicast and broadcast. 

[bookmark: _Toc71674013]The frequency range and broadcast configurations of PDCCH, PDSCH and SPS, as indicated by MCCH, are inherited by the unicast BWP and become additional configurations of the unicast BWP, which allows parallel reception of unicast, multicast and broadcast using a single active BWP.

Selection between 2A and 2B
2A and 2B appear to allow for about the same functionality with respect to the targeted use cases for combined unicast and multicast.
Both schemes can probably be developed into viable solutions. However, 2A appears to require a larger standardization effort, due to the required impact on the current BWP framework, since the UE needs to support two active BWPs, whereas NR specifications currently require support of only one active BWP. Although supporting two active 2A-BWPs may not be technically difficult for a UE, it still seems to require significant standardization work, including RAN2 work, with the impact on the MAC layer, which so far assumes only one active BWP at a time.
In contrast to this, 2B appears to offer the same functionality but with very limited specification impact.
Regarding the requirement to support also broadcast reception in RRC Connected, this seems to be possible with both 2A and 2B, in parallel with unicast and multicast reception. This requires some alignment between multicast and broadcast configurations and transmissions, but the impact seems to be similar for both 2A and 2B.
We also think that one important additional aspect that needs to be considered is that RAN1#104b-e has now agreed to downselect between 2A and 2B latest at RAN1#105-e. Considering the continued uncertainty about RAN4 implications for RF support of the required two active BWPs and for RAN2 implications on MAC functionality for two active BWPs, and with not enough time to send/receive feedback from RAN2/RAN4, RAN1 is only in a position to select Option 2B at RAN1#105-e.
Our conclusion is therefore that with 2B the desired use cases can be supported with a somewhat simpler solution and with significantly smaller standardization impact and without risk. For this reason, we prefer Option 2B to be specified for combinations of unicast, multicast and broadcast reception.
[bookmark: _Toc71674014]	Downselect to Option 2B for the unicast & MBS multicast use case.
[bookmark: _Toc71674015]Extend Option 2B to support also broadcast, to allow UEs in RRC Connected to receive in parallel unicast, multicast and broadcast transmissions using the unicast BWP as the active BWP. The broadcast CFR and PDCCH, PDSCH and SPS configurations are inherited by the unicast BWP as additional configurations.


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.

Agreement:
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP



Both options are possible, but we note that the impact of a unicast BW reconfiguration of a UE is different in the two cases. 
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. We do not see any other relevant aspects that would influence the choice. One could argue that for a unicast bandwidth with a large offset with respect to point A, option 2 would imply less overhead.  However, this is a very small gain of a few bits. Comparatively, option 1 would allow to keep the configuration of the CFR starting point even if the unicast BWP changes, without additional new signalling. We therefore propose to support Option 1.
[bookmark: _Toc71674016] If 2B is selected, 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




We think one CFR per dedicated unicast BWP is enough for the foreseeable use cases with Rel.17.
[bookmark: _Toc71674017]	Limit number of CFRs to one in Rel.17.

If 2A is selected, for the case where no CFR is configured, i.e. no separate MBS BWP, it is still easy to support MBS on the dedicated unicast BWP by additional PDCCH/PDSCH/SPS configurations. We think it will be a common case that the MBS BW is the same as the unicast BW and in this case only one BWP is needed, which is preferable. We therefore think this variant needs to be supported. 
[bookmark: _Toc71673984]With Option 2A, when the MBS BWP is the same as the unicast BW, MBS can be supported on the dedicated unicast BWP without configuring a dedicated MBS BWP, using additional PDCCH/PDSCH/SPS configurations for MBS on the dedicated unicast BWP.
[bookmark: _Toc71674018]If Option 2A is selected, for the case with the same BW for MBS and unicast, support additional PDCCH/PDSCH/SPS configurations for MBS on the dedicated unicast BWP to allow MBS operation without configuring a dedicated MBS BWP. 
If 2B is selected, for the case with the same BW for unicast and MBS, no CFR frequency region needs to be RRC configured on the dedicated unicast BWP, since the unicast BW may be assumed as default. The configuration of PDCCH/PDSCH/SPS for MBS needs to be done unless the unicast configurations are reused for MBS. With 2B these configurations are however not part of the CFR as such, since with 2B the CFR is just a frequency region.

[bookmark: _Toc71673985]With Option 2B, 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: _Toc71674019]With Option 2B, MBS is supported also when no CFR (frequency region) is configured for the case where the unicast and MBS BWs are the same.
Further details on multiplexing

In RAN1#104b-e the following was agreed:

	Agreement:
At least support the following cases for PDSCH reception for MBS in a slot based on UE capability for RRC_CONNECTED UEs
· Case 1: support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH in a slot per CC
· FFS: the value(s) of M 
· Case 2: support TDM among N (N>1) group-common PDSCHs in a slot per CC
· FFS: the value(s) of N
· Case 3: support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
· FFS: the value(s) of K and L




During RAN1#104b-e, an LS was sent to RAN2 asking whether RAN1 should take into account the case of UEs supporting multiple G-RNTIs or multiple G-CS-RNTI.  The way forward to case 2 and case 3 depends on the response from RAN2 on these issues. Moreover,  case 1,2 and 3 also relate to the UE capability to receive multiple PDCCH candidate scrambled with different  C-RNTI and G-RNTI.
[bookmark: _Toc71673986]The support of case 1,2,3 depends on the UE capabilities to monitor multiple PDCCH candidates with different G-RNTI and C-RNTI
Within a slot, our view of the different cases is leave M, N, K and L up to the UE capability. In order not to exceedingly increase the capability demands on the UE, the maximum values should match the current capability that is to say, M+1, N, K+L should add up to the current {2,4,7} values for the number of received PDSCH per slot. It should also be noted that M, N,K and L have a minimum value of 2 in the agreement. Meaning that the current minimum capability of 2PDSCH will not fullfill the cases 1 or 3.  It is not clear whether this was the agreement intention or whether the agreement should have read “greater or equal to”. 
[bookmark: _Toc71673987]The current minimum capability of 2 PDSCH per slot cannot fulfill case 1 (3 PDSCH in total) or case 3 (4 PDSCH in total).

[bookmark: _Toc71674020]Inter-slot TDM is supported with existing UE capability. The support of intra-slot TDM cases for MBS are up to UE capability. 
[bookmark: _Toc71674021]The capability for maximum number of PDSCH per slot is kept as for rel16, i.e. {2,4,7} . 
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





Since RAN1#104b-e, activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state is at least via group-common PDCCH has been agreed. Regarding the FFS on missed activation / deactivation, we think it is necessary to address the issue that some UE in a group miss the activation/deactivation command.
It is not suitable to use group-common PDCCH again to retransmit the activation command as it will result into confusion for those UEs that have already received the activation/deactivation command. It is also not suitable to use UE specific PDCCH to activate as there is a mismatch problem due to the fact that the slot where the PDCCH is transmitted for activation of SPS is used as a reference for the first PDSCH transmission. Hence the information in UE specific activation PDCCH command cannot be exactly the same as the previous group-common PDCCH activation command. 
One strategy 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 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.
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). 

[bookmark: _Toc68033420][bookmark: _Toc71673988]Group-based SPS need to separately address UEs missing the original  SPS activation group PDCCH
[bookmark: _Toc71673989]The activation recovery message needs to contain slot, MCS information of the original activation
[bookmark: _Toc71674022]For group based SPS, UEs missing the PDCCH activation message are sent an activation recovery message via MAC-CE containing the original PDCCH information and the slot number where it was transmitted.   For deactivation,  UE specific PDCCH deactivation order can be sent to UEs not responding to the group de-activation PDCCH. 

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: _Toc71673990]Unicast PDCCH scrambled with C-RNTI is not supported for group-common PDSCH
[bookmark: _Toc71674023]Do not support unicast PDCCH scrambled with CS-RNTI for transmission of group SPS PDSCH. 

Use of 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.




Since it was agreed to have a shared pool of up to 8 resources for SPS between group scheduling and unicast, the   the same SPS-configuration list is shared between multicast and unicast. Therefore, the SPS configuration indicator in PDCCH (re-using the HARQ ID field), can be used with the CS-RNTI or the G-CS-RNTI scrambling the PDCCH and it is possible to use PTP, CS-RNTI scrambled PDCCH for SPS retransmission using the NDI bit set to 1. 
[bookmark: _Toc71674024]PTP retransmission for SPS group common PDSCH can use CS-RNTI with the NDI bit set to 1. 
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 SPS-config for each of the configurations, and over-ride the default CS-RNTI if configured. 

[bookmark: _Toc71674025]G-CS-RNTI is configured per  SPS configuration. If not configured, the UE assumes CS-RNTI is used for PDSCH. 
The number of G-CS-RNTI can be aligned with the number of G-RNTIs and up to UE capability. 

[bookmark: _Toc71674026]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 PTP and PTM schemes 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 will si both transmissions.  If the UE detects two PDCCH for retransmission of the same HARQ process according to the same mechanism, the two transmissions could be received simultaneously by a UE with the capability. As previously mentioned, for scheduled multicast simultaneous reception, simultaneous reception of the two PDSCHs in the same HARQ cycle will produce two separate HARQ entries. It should be noted that for MBS the NDI will be set to 1 for both retransmissions (unicast SPS and multicast SPS). 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: _Toc71674027]PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
[bookmark: _Toc71674028]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. One issue that needs to be solved is that one group-common PDCCH SPS activation/deactivation triggers HARQ feedback from all UE in a group. If the size of the group is large, then there may be not enough PUCCH resources for all UE in the MBS group to send HARQ feedback at the same time. One solution to solve this issue is to configure UEs in the MBS group with a UE-specific additional time offset to the PDSCH-to-HARQ delay. The actual time to send HARQ feedback is the one designated in DCI plus this additional time offset. Then different UEs in the MBS group will acknowledge activation/deactivation at different times, and thereby the lack of PUCCH resource can be solved. This issue is similar for regularly scheduled (i.e. non-SPS) MBS in a group with a large amount of UEs monitoring the same group PDCCH.
For SPS PDSCH without PDCCH (i.e. all other SPS PDSCH slots), the situation is more flexible. The UE could be configured with or without HARQ feedback. Additionally, MAC CE messages could be used to toggle UEs between HARQ-less and HARQ feedback, and address what PUCCH resource to use for feedback. This is, however, an issue common with scheduled (non-SPS) MBS, and we propose to reuse the framework that will be agreed for scheduled MBS.  
[bookmark: _Toc71674029]The UE is expected to provide feedback via HARQ for all PDCCH associated with a PDCCH activation or deactivation order for SPS
[bookmark: _Toc71674030]The network can RRC configures each UE in the group an additional PDSCH-to-HARQ time offset so that when UEs receive group common PDCCH activate/deactivate command, they can acknowledge this command in different slots to avoid PUCCH resource congestion.  
[bookmark: _Toc71674031]The UE can be configured to either transmit or not transmit HARQ for the SPS PDSCH not corresponding to a SPS PDCCH activation or deactivation.
[bookmark: _Toc71673991]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: _Toc71674032]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
The following agreement was made in RAN1#103:
	Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH



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.
 




Our view is that the CORESETs can be shared between PTP and PTM, therefore it is unnecessary to define a separate number of CORESETs for group-common PDCCH. The number of CORESETs just follows that defined for PTP in R15/R16. This includes CORESET-0 configured for common search space (CSS) obtained via master information block (MIB) on physical broadcast channel (PBCH) before any RRC is transmitted, and additional CORESETs configured for CSS(s) scheduling PDSCH carrying paging, RRC signaling etc., and for USS(s) scheduling user data, etc., and altogether the maximum number of CORESETs configured per BWP per cell is 3. If the CORESET0 is used for group-common PDCCH scheduling, then CORESET-0 must be in common MBS bandwidth. 
[bookmark: _Toc71674033]The CORESET for group common PDCCH is counted toward of the already existing CORESET capability of the UE. No additional number of CORESET capability is defined for MBS only. 
Additionally, it should be clarified that search spaces for unicast and multicast can coexist in the same CORESET, as there are no conflicting configuration parameters existing in the RRC information elements of CORESET. 
[bookmark: _Toc71674034]Group common PDCCH and unicast PDCCH can be configured within the same CORESET

Search spaces 
The following agreements were made in RAN1#104e:
	 Agreement:
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.



In RAN1#104b-e the agreement was further refined:
	Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2



 
Regarding whether to reuse existing CSS type(s) in Rel-15/16 or define a new Type-x 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: _Toc71674035]Extend the existing type3 CSS from Rel-15/16 to support
g. [bookmark: _Toc71674036]Additional DCIs for scheduling via group common PDCCH 
h. [bookmark: _Toc71674037]Support of G-RNTI(s)

Regarding monitoring priority of the group PDCCH, we propose to support option 2. In Rel-15/Rel-16, monitoring priority is according to the search space index and common search space is configured with smaller index so that a common search space has higher priority than a UE specific search space. Similar rule can be applied here. The monitoring priority is still based on the search space index. The search space of PTM DCI can be configured with smaller index compared to USS. 
Since the priority of each search space is according to the search space ID, we believe it is not possible to have the same priority for two search spaces with different ID. Since group-common PDCCH needs to be transmitted in those CCE which are available to all UEs in MBS group, we think it is reasonable to set the priority of group-common PDCCH search space to be higher than that for existing UE specific search space, but lower than that of existing common search space
[bookmark: _Toc71674038]The priority of search space for multicast is higher than UE specific search space but lower than the existing common search space defined in R15/R16. 
DCI formats and BDs for MBS PDCCH candidates
In RAN1#104e, it was agreed not to change the existing limits on the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell:
	Agreement:
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.




In RAN1#104b-e, the following was agreed: 

	Agreement:
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 




Regarding the FFS, it should be possible to use the budget of BDs/CCEs of an unused CC for a group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.  This would allow CA-capable UEs to adopt the group scheduling feature without additional processing power. 

[bookmark: _Toc71674039]Based on UE capability, a UE may use the budget of BDs/CCEs of an unused CC for a group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.  

For the choice of DCIs to support group scheduling, our view is that the DCI for PTM traffic scheduling shall have two formats, one is fall-back DCI, the other is non fall-back DCI. Similar to the definition of fall-back and non fall-back DCI of unicast, fall-back DCI for PTM traffic scheduling is with limited functionality, while non fall-back DCI for PTM traffic scheduling is with advanced functionality, e.g. support Type 0 frequency domain resource allocation, indicate QCL information etc.  
[bookmark: _Toc71674040]Specify one fall-back and one non-fallback DCI for group scheduling of PDSCH via group-PDCCH. 

  Regarding the 3+1 budget for DCI sizes, the following was agreed in RAN1#104e:
	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.



Since the the non-fallback DCI used for group PDCCH must at least feature a different FDRA field than the one defined for unicast, a new MBS non-fallback DCI is required (hereafter defined as DCI 1_3). In order to preserve the DCI “3+1” budget rule, the DCI alignment sequence need to be amended to include the new DCI.  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 DCI 1_3.  This would mean inserting a “step 2B” in the alignment procedure, and counting the G-RNTI  “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
[bookmark: _Toc71674041]The  G-RNTI is counted as   “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
[bookmark: _Toc71674042]A new, non-fallback DCI format for MBS downlink scheduling is introduced e.g. DCI 1_3, present in the common search space and based on DCI 1_1
i. [bookmark: _Toc71674043]FFS: details of the fields in DCI 1_3
[bookmark: _Toc71674044]The determination of DCI 1_3, monitored in the common search space  is inserted as step ”2B” in the DCI alignment procedure 

MBS should also be supported with a fallback format. When only basic PTM functionality is required the DCI size of legacy DCI format 1_0 and its functionality are enough. Therefore, it is proposed to reuse DCI 1_0. By using the same DCI as unicast fallback, the MBS fallback  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. 

For the fields to be included in the DCI 1_0 with CRC scrambled with G-RNTI, we propose to use the fields for the C-RNTI case as a starting point.  The DCI size is always of 28 or 30 bits (depending on operation in a cell with shared spectrum channel access) plus the size of the FDRA field. We note that for FDRA in fallback operation, instead of the  common frequency resource (CFR), the fallback DCI 1_0 uses either the initial BWP or, if configured in the cell, the size of coreset#0. Since both of coreset#0 size and initial BWP can be made common to all UEs in the group, fallback DCI 1_0 can be reused as is, without designing a new fallback DCI for MBS.  

[bookmark: _Toc71673992]For MBS Fallback DCI format, legacy DCI format 1_0, can be reused in the CSS without requiring additional Blind decoding and without requiring DCI size alignment between unicast and multicast.
[bookmark: _Toc71674045]Reuse DCI 1_0 as fallback DCI format for MBS, with CRC scrambled with G-RNTI.
j. [bookmark: _Toc71674046]FFS: details of the MBS fallback DCI format fields. 
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: _Toc71674047]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: _Toc71674048]Scrambling parameters n_ID and n_RNTI for group PDSCH schedule by the multicast non-fallback DCI in CSS is given by 
k. [bookmark: _Toc71674049]N_RNTI is given by G-RNTI
l. [bookmark: _Toc71674050]n_ID =  the higher-layer parameter dataScramblingIdentityPDSCH  if CORESETPoolIndex is not configured
m. [bookmark: _Toc71674051]if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values 
i. [bookmark: _Toc71674052]n_ID =  the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0
ii. [bookmark: _Toc71674053]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.
	Conclusion
In the previous sections we made the following observations: 
Observation 1	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 2	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 3	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 4	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 5	PTM-1 is more efficient than PTM-2 for initial transmission and retransmissions of group-common PDSCH
Observation 6	PTP is more efficient than PTM-2 for retransmission to individual UEs
Observation 7	With Option 2A, the UE would need to have two simultaneously active BWPs, which is preferable to BWP switching.
Observation 8	The use of two active BWPs will have significant MAC layer impact and require significant RAN2 work
Observation 9	When multicast uses the same frequency range as unicast, there is no need to explicitly RRC configure a CFR (frequency range), since the unicast frequency range, as given by the unicast BWP, then applies for both unicast and MBS.
Observation 10	With Option 2A, when the MBS BWP is the same as the unicast BW, MBS can be supported on the dedicated unicast BWP without configuring a dedicated MBS BWP, using additional PDCCH/PDSCH/SPS configurations for MBS on the dedicated unicast BWP.
Observation 11	With Option 2B, 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 12	The support of case 1,2,3 depends on the UE capabilities to monitor multiple PDCCH candidates with different G-RNTI and C-RNTI
Observation 13	The current minimum capability of 2 PDSCH per slot cannot fulfill case 1 (3 PDSCH in total) or case 3 (4 PDSCH in total).
Observation 14	Group-based SPS need to separately address UEs missing the original  SPS activation group PDCCH
Observation 15	The activation recovery message needs to contain slot, MCS information of the original activation
Observation 16	Unicast PDCCH scrambled with C-RNTI is not supported for group-common PDSCH
Observation 17	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.
Observation 18	For MBS Fallback DCI format, legacy DCI format 1_0, can be reused in the CSS without requiring additional Blind decoding and without requiring DCI size alignment between unicast and multicast.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Based on UE capability, a UE in a G-RNTI-based scheduling group may receive both PTM and PTP with same HARQ process and NDI, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
Proposal 2	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 3	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 of the same HPID.
Proposal 4	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
b.	When PTM PDCCH is missed, the data of PTP ReTx is detected as new data
Proposal 5	Downselect from the following options:
a.	Keep existing NDI agreement and add further support
b.	Keep existing NDI agreement and add further support, possibly using new PTP DCI signaling bit
c.	Change existing NDI agreement
d.	Other solutions not precluded
Proposal 6	PTM-2 based initial transmission is not supported.
Proposal 7	PTM-2 based retransmission is not supported.
Proposal 8	If 2A is selected, when the unicast and multicast BWs are the same, it should be possible to configure MBS on the unicast BWP alone, i.e. without using an MBS BWP.
Proposal 9	If 2A is selected, when MBS is configured on the unicast BWP, it should be possible to use MBS-specific RRC configurations of PDCCH, PDSCH and SPS on the unicast BWP.
Proposal 10	If 2A is selected, when MBS is configured on the unicast BWP, it should be possible to reuse the unicast RRC configurations of PDCCH, PDSCH and SPS for MBS by not using any MBS-specific RRC configurations for MBS.
Proposal 11	If 2B is selected, explicit configuration of the CFR (frequency range) is optional when the CFR is the same as the unicast BWP.
Proposal 12	If 2B is selected, it should be possible, as a special case, to reuse the unicast RRC configurations of PDCCH, PDSCH and SPS for MBS, in which case MBS-specific configurations are not used.
Proposal 13	If 2A is selected, and no MBS BWP has been configured (i.e. for multicast), the UE should receive the broadcast BWP like an MBS BWP, which should allow parallel reception of unicast and broadcast.
Proposal 14	If 2A is selected, when the UE is RRC configured with an MBS BWP and MCCH configured with a broadcast BWP, these BWPs need to be aligned in the sense of using the same frequency range. In this case the MBS BWP “inherits” the broadcast BWP, so that the broadcast BWP is not counted as an additional BWP in the overall number of BWPs that the UE is configured with.
Proposal 15	The frequency range and broadcast configurations of PDCCH, PDSCH and SPS, as indicated by MCCH, are inherited by the unicast BWP and become additional configurations of the unicast BWP, which allows parallel reception of unicast, multicast and broadcast using a single active BWP.
Proposal 16	Downselect to Option 2B for the unicast & MBS multicast use case.
Proposal 17	Extend Option 2B to support also broadcast, to allow UEs in RRC Connected to receive in parallel unicast, multicast and broadcast transmissions using the unicast BWP as the active BWP. The broadcast CFR and PDCCH, PDSCH and SPS configurations are inherited by the unicast BWP as additional configurations.
Proposal 18	If 2B is selected, the reference point for the starting PRB of the CFR is Point A.
Proposal 19	Limit number of CFRs to one in Rel.17.
Proposal 20	If Option 2A is selected, for the case with the same BW for MBS and unicast, support additional PDCCH/PDSCH/SPS configurations for MBS on the dedicated unicast BWP to allow MBS operation without configuring a dedicated MBS BWP.
Proposal 21	With Option 2B, MBS is supported also when no CFR (frequency region) is configured for the case where the unicast and MBS BWs are the same.
Proposal 22	Inter-slot TDM is supported with existing UE capability. The support of intra-slot TDM cases for MBS are up to UE capability.
Proposal 23	The capability for maximum number of PDSCH per slot is kept as for rel16, i.e. {2,4,7} .
Proposal 24	For group based SPS, UEs missing the PDCCH activation message are sent an activation recovery message via MAC-CE containing the original PDCCH information and the slot number where it was transmitted.   For deactivation,  UE specific PDCCH deactivation order can be sent to UEs not responding to the group de-activation PDCCH.
Proposal 25	Do not support unicast PDCCH scrambled with CS-RNTI for transmission of group SPS PDSCH.
Proposal 26	PTP retransmission for SPS group common PDSCH can use CS-RNTI with the NDI bit set to 1.
Proposal 27	G-CS-RNTI is configured per  SPS configuration. If not configured, the UE assumes CS-RNTI is used for PDSCH.
Proposal 28	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 29	PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
Proposal 30	The simultaneous reception of PTP and PTM retransmission for a given UE  is up to UE implementation, pending a UE capability.
Proposal 31	The UE is expected to provide feedback via HARQ for all PDCCH associated with a PDCCH activation or deactivation order for SPS
Proposal 32	The network can RRC configures each UE in the group an additional PDSCH-to-HARQ time offset so that when UEs receive group common PDCCH activate/deactivate command, they can acknowledge this command in different slots to avoid PUCCH resource congestion.
Proposal 33	The UE can be configured to either transmit or not transmit HARQ for the SPS PDSCH not corresponding to a SPS PDCCH activation or deactivation.
Proposal 34	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 35	The CORESET for group common PDCCH is counted toward of the already existing CORESET capability of the UE. No additional number of CORESET capability is defined for MBS only.
Proposal 36	Group common PDCCH and unicast PDCCH can be configured within the same CORESET
Proposal 37	Extend the existing type3 CSS from Rel-15/16 to support
a.	Additional DCIs for scheduling via group common PDCCH
b.	Support of G-RNTI(s)
Proposal 38	The priority of search space for multicast is higher than UE specific search space but lower than the existing common search space defined in R15/R16.
Proposal 39	Based on UE capability, a UE may use the budget of BDs/CCEs of an unused CC for a group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.
Proposal 40	Specify one fall-back and one non-fallback DCI for group scheduling of PDSCH via group-PDCCH.
Proposal 41	The  G-RNTI is counted as   “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
Proposal 42	A new, non-fallback DCI format for MBS downlink scheduling is introduced e.g. DCI 1_3, present in the common search space and based on DCI 1_1
a.	FFS: details of the fields in DCI 1_3
Proposal 43	The determination of DCI 1_3, monitored in the common search space  is inserted as step ”2B” in the DCI alignment procedure
Proposal 44	Reuse DCI 1_0 as fallback DCI format for MBS, with CRC scrambled with G-RNTI.
a.	FFS: details of the MBS fallback DCI format fields.
Proposal 45	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 46	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;
[bookmark: _In-sequence_SDU_delivery]
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