
[bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG RAN WG1 #107-e	        		             R1-2111761
e-Meeting, November 11th – 19th, 2021
[bookmark: Source]Agenda item:	8.12.1
Source: 	Samsung  
Title: 	Group scheduling for RRC_CONNECTED UEs
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
This contribution considers mechanisms to support multicast group-scheduling for RRC_CONNECTED UEs. 

Group Scheduling
DCI formats for Multicast
The first and second DCI formats for scheduling multicast PDSCH are based on DCI format 1_0 and DCI format 1_1. A remaining issue to conclude the optional fields in DCI format 1_1 that should be supported by the second DCI format and possible additional fields in the first DCI format that can be included due to the removal of the ID flag and of the TPC command fields.  

An additional field to be included in the first and second DCI formats is the 1-bit indication for enabling/disabling a HARQ-ACK report. As that is an optional UE feature and some first UEs will follow the RRC configuration, it is not possible to use reserved values of other fields related to HARQ-ACK feedback, such as an invalid HARQ-ACK timing as in Rel-16 NR-U, as such value will need to be used by the first UEs. In general, it is preferable to have different fields for different functionalities. Regarding the optional fields in DCI format 1_1
a) CIF is not applicable as Rel-17 MBS is for single-cell operation. Similar for other CA-related fields such as for SCell dormancy indication. 
b) A BWP indicator is not applicable as there is no BWP for MBS, unicast BWPs will need to change, there will be additional impacts on UE procedures such as for HARQ-ACK codebook generation, and support of multiple BWPs is an optional UE feature. 
c) PRB bundling type – the usefulness of that field is reduced for multicast but it can remain configurable
d) Rate size matching indicator - should remain configurable to offer the same functionality as for unicast
e) The ZP CSI-RS trigger should not be included as there are no UE procedures for CSI/measurement enhancements for Rel-17 MBS (overall, reasons are also similar as those for excluding the SRS request)
f) Antenna ports – the need for that field is not clear for multicast but it can remain configurable
g) TCI - should remain configurable to offer the same functionality as for unicast
h) CBG related information (CBGTI, CBGFI) should not be included
i) DMRS sequence initialization - the usefulness of that field is reduced for multicast but it can remain configurable
j) Minimum applicable scheduling offset indicator – for the corresponding functionality to be meaningful, it needs to also be supported for unicast by all UEs in the group and, even then, a benefit would exist only when unicast scheduling is coordinated with multicast scheduling which is not practically possible and may require additional support
k) Fields introduced in Rel-16 NR-U are not applicable

Proposal 1: The second DCI format for multicast includes all configurable fields of DCI format 1_1 except
a) CA related fields (CIF, SCell dormancy indicator)
b) BWP indicator
c) CBG-based HARQ-ACK related fields (CBGTI, CBGFI)
d) Fields introduced in Rel-16 NR-U (One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-CPext)   
e) ZP CSI-RS trigger
f) Minimum applicable scheduling offset indicator


Another pending issue is the size of the second DCI format. Both DCI formats for multicast are group-common DCI formats and the only difference from DCI formats 2_X is the scheduling of (group-common) PDSCH receptions. It is noted that although the first DCI format is size matched to DCI format 1_0, that is according to the size of DCI format 1_0 in CSS in order to maintain the group-common property. It is rather clear that the second DCI format for multicast cannot be possibly size-matched to the unicast DCI format 1_1 as doing so will require both unnecessary specifications and also lead to a particularly poor design. There is actually nothing that needs to be specified for the size of the second DCI format for multicast – for that purpose, it is only another DCI format 2_X and it is actually more efficient to be size matched by the network than to hard-code a size matching procedure by specifications. However, even though G-RNTIs will in practice be “other RNTIs” that does not need 

Observation 1: There is no need to specify how to count the size of the second DCI format for multicast – the agreement that the UE expects to decode the Rel-16 limit of “3+1” DCI format sizes suffices.


LBRM and TBS determination
In RAN1#106bis-e, the following was identified as FFS [1].

Agreement:
Study the following options for the LBRM/TBS determination for PTP retransmission of multicast.
· Option 1: based on the LBRM/TBS determination of the PTM initial transmission using same HPID and NDI.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission.

While for the initial reception of a TB, LBRM and TBS calculation should be based on MBS parameters, for the unicast subsequent reception of the TB, the MBS parameters cannot be generally ensured to be accurate for the active DL BWP and the MBS LBRM size is likely to be smaller than the unicast one. Also, if the UE assumes the unicast LBRM size for subsequent unicast receptions of the TB, more information bits can be provided and reception reliability can increase and that makes PTP retransmissions more meaningful. Also, when the UE misses the initial multicast PDSCH, the UE cannot know whether the initial transmission was a multicast one or a unicast one (unless corresponding signaling is introduced in the unicast DCI formats which is anyway not possible for DCI format 1_0). One issue that was mentioned for option 2 is the possibility of the circular buffer length being different for the PTM initial transmission and the PTP retransmission.  For unicast, the bit positions in the unicast LBRM for the initial transmission and subsequent retransmissions typically do not overlap and different redundancy versions have different sizes. Nevertheless, a UE is still able to combine them. Therefore, for Option 2, even if the size of LBRM for unicast and MBS are not the same, a UE can combine the PTM initial transmission with subsequent retransmissions using PTP. 

Proposal 2: LBRM/TBS determination for PTP retransmission of multicast is based on the LBRM/TBS determination of the legacy unicast PDSCH transmission.

PDSCH-Config for MBS can also include MBS-rateMatchPatternGroup1 and MBS-rateMatchPatternGroup2 to indicate unavailable REs within a CFR, as for unicast rateMatchPatternGroup1(DCI-1-2), rateMatchPatternGroup2(DCI-1-2). Those rate matching patterns cannot, in general, be same as the unicast ones. The UE behavior when receiving unicast/multicast PDSCH in REs indicated in the multicast/unicast rate matching pattern needs to be defined.    

Proposal 3: Conclude how a UE receives unicast/multicast PDSCH in REs indicated in the multicast/unicast rate matching pattern.


BWP Inactivity Timer
BWP switching due to expiration of the Rel-16 BWP inactivity timer was discussed in RAN1#106-e and RAN1#106bis-e without conclusion. For reference, a proposal from the moderator is copied below [2].

[bookmark: _Hlk80094480][High] Updated Proposal 1-5: If a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, further study the following options:
· Option 1: UE also starts or restarts BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI).
· Option 2: Introduce a new MBS-BWP-InactivityTimer for GC-PDCCH receptions.
· Option 3: Multicast reception has no impact on Rel-16 UE behavior related to BWP-InactivityTimer.
· Note: Other options are not precluded.

The reason why a default DL BWP was introduced in Rel-15 was to conserve UE power during inactivity periods of unicast traffic. For the default BWP to be meaningful, it needs to have smaller BW than other configured DL BWPs and also have “lighter” configurations for transmissions/receptions (e.g. have a PDCCH-Config resulting to sparser PDCCH monitoring). 
Option 3 practically cancels the default BWP functionality because it would be typical that many UEs in an MBS group do not have significant unicast traffic but, in order to avoid restrictions on multicast data rates, the default BWP needs to support as large a CFR as any other DL BWP. Also, Option 3 requires unnecessary overhead and poor spectral efficiency for a network to support UE power savings as the network needs to provide same multicast traffic in multiple CFRs. It is also unlikely that multiple CFRs for UEs with different multicast services can be included in the default BWP. 

Option 1 bundles unicast and multicast traffic to a same BWP-InactivityTimer. That reduces UE power savings because PDCCH monitoring for unicast or multicast scheduling, when there is no/sparse respective traffic, needs to be as frequent as when there is unicast or multicast traffic. Also, BWP-InactivityTimer is UE-specific to match characteristics of unicast traffic and cannot have a same value for all UEs that receive multicast traffic. Therefore, a separate BWP-InactivityTimer should apply for multicast (e.g. BWP-InactivityTimer-MBS). A UE switches to the default DL BWP only when both (unicast/multicast) timers expire and switches search space set groups (SSSGs), or skips PDCCH monitoring for a configured duration, for either unicast or multicast in the non-default DL BWP when only the corresponding timer expires. It is noted that both SSSG switching and skipping of PDCCH monitoring are introduced in Rel-17. 
Proposal 4: BWP-InactivityTimer is separately configured for unicast and multicast. A UE switches SSSGs, or skips PDCCH monitoring for a configured duration, for unicast or multicast in the non-default DL BWP when only the corresponding timer expires. 


PDCCH Monitoring for Multicast
For search space set dropping in case of overbooking, prioritization among multicast CSS sets and USS sets depends on respective indexes of search space sets. Such prioritization is also needed for the determination of CORESETs where the UE monitors PDCCH in case the TCI state is 'typeD'. In Rel-16, if a UE is configured for single cell or intra-band CA and monitors PDCCH in overlapping occasions in multiple CORESETs with qcl-Type set to 'typeD', the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs with qcl-Type set to same 'typeD' properties as the CORESET, where the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index. Then, as for overbooking, the issue is whether the CSS set for multicast is treated always with priority to USS sets or whether the same approach as for overbooking applies – the latter is preferable (otherwise there can even be situations where the UE prioritizes unicast for overbooking and prioritizes multicast for CORESETs and ends up not monitoring any such PDCCH). 

Proposal 5: When a UE monitors PDCCH only according to USS sets and CSS sets for multicast in CORESETs with qcl-Type set to same 'typeD' properties, the CORESETs are the ones having same 'typeD' properties as the CORESET corresponding to the USS set or CSS set for multicast with the lowest index. 


Transmission scheme and HARQ process management
For HARQ process management/sharing between unicast and multicast, the following was concluded in RAN1#104bis-e.

Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· [bookmark: _Hlk79562709]How to allocate HARQ processes between unicast and multicast is up to gNB.

There have been proposals after RAN1#104bis-e to also introduce specification support for such HARQ process management. Aside of associated error cases of the proposals, support of both multicast PDSCH and unicast PDSCH does not introduce a need to increase a number of HARQ processes because a UE capability for a number of PDSCH receptions within a slot (regardless of “multicast” or “unicast”) does not change. Also, the number of HARQ processes that a UE supports in Rel-16 is over-dimensioned and only a subset of the 16 HARQ processes is utilized in deployments. In fact, a configuration for the number of HARQ processes is optional and, when not provided, the UE operates with 8 HARQ processes which is typical in current deployments. Given the support of 16 HARQ processes, a gNB has full flexibility to even semi-statically partition the HARQ processes for multicast and unicast. Further, the UE HARQ buffer will not increase and therefore a total number of HPNs should not implicitly increase by simultaneously associating a same HPN with different RNTIs for the UE. 

Observation 2: HPN process sharing between unicast PDSCHs and multicast PDSCHs can be handled by gNB implementation without scheduling constraints for the Rel-17 framework.


SPS PDSCH 
In RAN1#105-e the following was agreed.

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

The use of GC-PDCCH was agreed in RAN1#104b-e and therefore the issue is whether to specify additional mechanisms. 

Agreement:
Confirm the working assumption: 
For activation/deactivation of 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

There is no need to support other alternatives or optimizations, if any are possible, as activation/deactivation of SPS PDSCH is anyway both an infrequent event, and has typically smaller BLER than a TB, and is not associated with link adaptation for a UE-specific PDSCH – e.g. there is nothing to be gained in terms of spectral efficiency or UE power savings to expand the specifications and support multiple solutions for a same function. Also, there is no need to use MAC-CE (otherwise, LTE or NR wouldn’t work) while the specification impact from doing so would be material (e.g. ranging from introducing new MAC CE, to differentiating DCI vs. MAC-CE for HARQ-ACK codebook generation, to determining timing for activation and for the PUCCH with HARQ-ACK).

Observation 4: For SPS GC-PDSCH activation/deactivation, the agreement from RAN1#104-bis-e to support GC-PDCCH is sufficient. 


CFR for MBS
[bookmark: _Ref54368939]In RAN1#106bis-e, the following was agreed for RBG and PRG for multicast.

Agreement: 
RBG and PRG for multicast GC-PDSCH in CFR are defined using the same procedure as for unicast PDSCH in DL BWP.
· For RBG, the size is defined based on the starting PRB of the CFR, size of the CFR and the higher layer parameter rbg-Size configured by PDSCH-Config for multicast in the CFR.
· For PRG, the size is defined based on the starting PRB of the CFR, size of the CFR and precoding granularity for multicast which can be equal to one of the values among {2, 4, wideband}.
· Note: Whether the RBG and PRG size for multicast (configured directly or indirectly) is the same as for unicast can be discussed separately.

The sizes of VRB bundle and PRB bundle for multicast should be same among the UEs in an MBS group and should be defined relative to the CRB and, depending on the start and length of the CFR, the sizes of the first and last bundle for multicast may differ from the corresponding ones within the CFR. Also, in case of PDSCH allocation Type 1 with interleaved mapping, the same set of equations to map unicast VRB bundle to unicast PRB bundle can be applied to map MBS VRB bundle to MBS PRB bundle. The parameter Nbundle can be interpreted as the number of bundles within the CFR.

Proposal 6: PRB and VRB bundle for multicast PDSCH in CFR are defined using the same procedure as for unicast PDSCH in the DL BWP associated with CFR.

Proposal 7: For Type 1 interleaved mapping, the parameter Nbundle is interpreted as the number of bundles within the CFR.
[bookmark: _Hlk74145913]

Conclusions
This contribution considered reliability improvements for MBS and proposes the following.

Proposal 1: The second DCI format for multicast includes all configurable fields of DCI format 1_1 except
a) CA related fields (CIF, SCell dormancy indicator)
b) BWP indicator
c) CBG-based HARQ-ACK related fields (CBGTI, CBGFI)
d) Fields introduced in Rel-16 NR-U (One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-CPext)   
e) ZP CSI-RS trigger
f) Minimum applicable scheduling offset indicator

Proposal 2: LBRM/TBS determination for PTP retransmission of multicast is based on the LBRM/TBS determination of the legacy unicast PDSCH transmission.

Proposal 3: Conclude how a UE receives unicast/multicast PDSCH in REs indicated in the multicast/unicast rate matching pattern.

Proposal 4: BWP-InactivityTimer is separately configured for unicast and multicast. A UE switches SSSGs, or skips PDCCH monitoring for a configured duration, for unicast or multicast in the non-default DL BWP when only the corresponding timer expires. 

Proposal 5: When a UE monitors PDCCH only according to USS sets and CSS sets for multicast in CORESETs with qcl-Type set to same 'typeD' properties, the CORESETs are the ones having same 'typeD' properties as the CORESET corresponding to the USS set or CSS set for multicast with the lowest index. 

Proposal 6: PRB and VRB bundle for multicast PDSCH in CFR are defined using the same procedure as for unicast PDSCH in the DL BWP associated with CFR.

Proposal 7: For Type 1 interleaved mapping, the parameter Nbundle is interpreted as the number of bundles within the CFR.


In addition, the following observations are made.

Observation 1: There is no need to specify how to count the size of the second DCI format for multicast – the agreement that the UE expects to decode the Rel-16 limit of “3+1” DCI format sizes suffices.

Observation 2: HPN process sharing between unicast PDSCHs and multicast PDSCHs can be handled by gNB implementation without scheduling constraints for the Rel-17 framework.
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