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1. Introduction 
In RAN1#110 meeting, we have the following agreement. The UE assumption in case of FDMed unicast and MBS PDSCHs is still FFS.
Agreement
At least in case of no FDMed unicast and MBS PDSCHs, the max data rate and upper bound of TBS LBRM for allocated TB(s) in a 14 consecutive-symbol duration is based on the unicast parameters. 

In this document, we discuss the max data rate and upper bound of TBS LBRM for allocated TB(s) in a 14 consecutive-symbol duration in case of FDMed unicast and MBS PDSCHs.
2. Discussion 
In Clause 4.1.2 of TS 38.306, the approximate DL data rate for a given number of aggregated carriers in a band or band combination is computed as follows,


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
 is the max number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH.
	 is the max supported modulation order given by higher layer parameter supportedModulationOrderDL.
	 is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
	 is the numerology (as defined in TS 38.211 [6])
is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.
	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL

The parameters , ,  for the j-th CC reported in the IE FeatureSetDownlinkPerCC are originally for unicast only. Now a UE can report different capabilities for multicast and unicast, such as MIMO layers for multicast (FG 33-2g) and maximal modulation order for multicast (FG 33-2i). The max data rate could be different in the following cases.
· In case of unicast only, multicast only or TDMed unicast and MBS PDSCHs, the max data rate  is based on unicast parameters ,  and the scaling factor . 


· In case of FDMed unicast PDSCH and MBS GC-PDSCH, the max data rate may be higher than that of the max value of unicast and multicast even with split bandwidth, i.e., 



As illustrated in Figure 1, there are multicast TB1 and unicast TB2, TB3 initially transmitted in slot1, slot2, slot (n-1) over full bandwidth, respectively. The unicast TB2 and TB3 may have the max unicast data rate. The sum rate of the symbols with FDMed TB1 and TB2 retransmission in slot 3 will be larger than the unicast max data rate, because data rate is determined by original size of TB1 and TB2 initial transmitted in slot 1 and slot2. 
[image: ]
Figure 1. FDMed unicast and multicast
· If we restrict , it means the gNB should not schedule any initial/retransmission of FDMed unicast and MBS TBs with sum rate over the unicast max data rate on one CC. 
· [bookmark: _Hlk101557983]If we allow , gNB can have more flexibility for the UE who is capable to borrow some margin from another CC to support the CC with FDMed unicast and MBS with sum rate larger than the unicast max data rate on one CC while keeping the total max data rate across the CCs unchanged. For a CC configured with FDMed unicast and MBS PDSCH, the UE can report a new scaling factor  for calculating  as follows:

For example, assuming UE has CC1 and CC2, where CC1 can support FDMed unicast and multicast.
· Alt1: No sharing across CCs by reporting one scaling factor per CC
· The UE only reports one scaling factor per CC considering unicast only. If CC1 has FDMed unicast and multicast, it means part of the unicast data rate in CC1 will be sacrificed and allocated to multicast in the same symbol.
· Alt2: Sharing across CCs by disabling one CC and reporting two scaling factors for the CC with MBS
· The UE support two scaling factors for CC1, f1 is for no FDMed unicast+multicast and (f1+f2) is for unicast+MBS. CC2 is not used. In this case, the sharing across CCs is not dynamic. 
· Note that if UE only reports the scaling factor (f1+f2), (f1+f2) will be applied to not only when the CC is configured with the FDMed unicast+MBS. If it is not reported, it means  and gNB cannot schedule any initial/retransmission of FDMed unicast and MBS TBs with sum rate over the unicast max data rate on one CC.

	
	Alt1: No sharing

	Alt2: Sharing 
w/ additional scaling factor

	Scaling factor for CC1
(capable of FDMed unicast and multicast)
	f1
	f1, (f1+f2)

	Scaling factor for CC1
(with unicast only)
	f2
	0

	Max DataRate
(unicast only)
	f1 in CC1
f2 in CC2
f1+f2 in total
	f1 in CC1
no CC2
f1 in total

	Max DataRate
(FDMed unicast+multicast)
	f1 in CC1
f2 in CC2
f1+f2 in total
	f1+f2 in CC1
no CC2
f1+f2 in total



Similar issue for TBS LBRM as specified in Clause 5.1.3 of TS38.214:
The UE is not expected to handle any transport blocks (TBs) in a 14 consecutive-symbol duration for normal CP (or 12 for extended CP) ending at the last symbol of the latest PDSCH transmission within an active BWP on a serving cell whenever


where, for the serving cell,
-	S is the set of TBs belonging to PDSCH(s) that are partially or fully contained in the consecutive-symbol duration
-	for the ith TB
-	Ci' is the number of scheduled code blocks for as defined in [5, 38.212]. 
-	Li is the number of OFDM symbols assigned to the PDSCH
-	xi is the number of OFDM symbols of the PDSCH contained in the consecutive-symbol duration
-	 based on the values defined in Clause 5.4.2.1 [5, TS 38.212]
-	 is the starting location of RV for the th transmission
-	of the scheduled code blocks for the  transmission
-	 is the circular buffer length 
-	 is the current (re)transmission for the ith TB 
-	 corresponds to the subcarrier spacing of the BWP (across all configured BWPs of a carrier) that has the largest configured number of PRBs
-	in case there is more than one BWP corresponding to the largest configured number of PRBs, µ' follows the BWP with the largest subcarrier spacing.
-	 corresponds to the subcarrier spacing of the active BWP 
-	RLBRM = 2/3 as defined in Clause 5.4.2.1 [5, TS 38.212]
-	TBSLBRM as defined based on the parameters for unicast in Clause 5.4.2.1 [5, TS 38.212] 
-	X as defined for downlink max MIMO layer for unicast in Clause 5.4.2.1 [5, TS 38.212].

The above restriction on TBS LBRM is applied to any consecutive 14 symbols if including FDMed unicast and multicast TBs. For legacy UE without MBS, X and TBSLBRM are the max MIMO layers and max TBS configured for unicast. As illustrated in Figure 1, The TBS LBRM of the 14 consecutive symbols of slot n as well as across slot (n-1) and slot n will be larger than the upper bound based on the unicast parameters defined in 5.1.3 of TS38.214.
If a UE can support a scaling factor for FDMed unicast PDSCH and MBS GC-PDSCH, the upper bound of PDSCH LLR buffering within 14 consecutive symbols can be larger than that of no FDMed case, i.e., the UE is not expected to handle any transport blocks (TBs) within an active BWP on a serving cell whenever


Proposal 1: 
· In case of FDMed unicast and MBS PDSCHs, UE can report an additional scaling factor   with candidate value larger than legacy unicast  for the max data rate and TBS LBRM for allocated TB(s) in a 14 consecutive-symbol duration.
	33. NR_MBS
	33-3-2a
	Scalng factor for maximum data rate and TBS LBRM of FDMed unicast PDSCH and group-common PDSCH
	Scaling factor for max data rate and TBS LBRM to support FDMed unicast PDSCH and group-common PDSCH per CC.
	33-3-2
	Yes
	
	If not reported, same as the scaling factor for max data rate of unciast PDSCH
	Per FSPC
	N/A
	N/A
	
	value of scaling factor: {1.75, 1.5, 1, or 0.75}
	Optional with capability signalling



Proposal 2: 
· Adopt the draft CR R1-2209958 for TS38.214 [1].
· Send LS to RAN2 to adopt the TP#1 for TS38.306.
· Reason for change: the max data rate for allocated TB(s) needs to be clarified in case of FDMed unicast and MBS PDSCHs.
· Summary of change: to clarify the max data rate in case of FDMed unicast and MBS PDSCHs if UE can support the scaling factor fu+m.
· Consequences if not approved: gNB cannot schedule any initial/retransmission of FDMed unicast and MBS TBs with sum rate over the unicast max data rate on one CC.
===start of TP#1 for TS38.306 ===
[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155]<Unchanged text is omitted>
4.1.2	Supported max data rate
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.


	is the scaling factor given by higher layer parameter scalingFactor or scalingFactor-1024QAM-FR1 and can take the values 1, 0.8, 0.75, and 0.4, or when the FDMed unicast and MBS PDSCH is configured, is the scaling factor given by higher layer parameter scalingFactorFDM and can take the values 1.75, 1.5, and 1, 0.75.

	 is the numerology (as defined in TS 38.211 [6])

<Unchanged text is omitted>
===end of TP#2 for TS38.306 ===


3. Conclusion
For enabling/disabling multicast feedback
Proposal 1: 
· In case of FDMed unicast and MBS PDSCHs, UE can report an additional scaling factor   with candidate value larger than legacy unicast  for the max data rate and TBS LBRM for allocated TB(s) in a 14 consecutive-symbol duration.
	33. NR_MBS
	33-3-2a
	Scalng factor for maximum data rate and TBS LBRM of FDMed unicast PDSCH and group-common PDSCH
	Scaling factor for max data rate and TBS LBRM to support FDMed unicast PDSCH and group-common PDSCH per CC.
	33-3-2
	Yes
	
	If not reported, same as the scaling factor for max data rate of unciast PDSCH
	Per FSPC
	N/A
	N/A
	
	value of scaling factor: {1.75, 1.5, 1, and 0.75}
	Optional with capability signalling



Proposal 2: 
· Adopt the draft CR R1-2209958 for TS38.214 [1].
· Send LS to RAN2 to adopt the TP#1 for TS38.306.
· Reason for change: the max data rate for allocated TB(s) needs to be clarified in case of FDMed unicast and MBS PDSCHs.
· Summary of change: to clarify the max data rate in case of FDMed unicast and MBS PDSCHs if UE can support the scaling factor fu+m.
· Consequences if not approved: gNB cannot schedule any initial/retransmission of FDMed unicast and MBS TBs with sum rate over the unicast max data rate on one CC.
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