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[bookmark: _Ref165266342]Introduction
According to the WID [1] of the NR MBS, the MBS service of NR is to be provided to both the IDLE/INACTIVE UE and the CONNECTED UE. As the UE could be configured to provide the UL feedbacks (e.g. HARQ feedback), the UE would be required to support the HARQ process for the MBS reception. In this contribution, we provide our analysis on some of the remaining issues on supporting the HARQ operation for the MBS.
Discussion
HARQ process allocation
According to the LTE MBMS/SC-PTM, the MBS PDSCH does not support HARQ. However, the L2 buffer of a UE is shared between the unicast reception and the MBS reception according to 3GPP TS 36.306 [2], as this can save the UE buffer cost and make more efficient use of the UE buffer. Then if the NR MBS is to support the soft buffer of the HARQ, the soft buffer of the HARQ process(es) should be shared between the unicast (i.e. unicast PDSCH) and the MBS (i.e. group-common PDSCH). Thus, we consider that the same HARQ process should be shared between the unicast and the MBS.
Proposal 1: The MBS transmission (i.e. group-common PDSCH) and the unicast transmission (i.e. unicast PDSCH) share the same HARQ process pool.
If the HARQ processes are shared between the MBS and the unicast, one may consider that we could have the following HARQ process allocation schemes to avoid the HARQ process collision between the MBS and the unicast:
· Option 1: semi-static HARQ-process sharing
· Option 2: Dynamic HARQ-process sharing
For the IDLE/INACTIVE UE MBS reception, the UE can use all HARQ processes as no HARQ process is used for the unicast transmission, and there is no HARQ process collision between the MBS and the unicast. Given that the P-RNTI PDSCH (i.e. paging) does not support HARQ and the SI-RNTI PDSCH (i.e. SI) uses a dedicated broadcast HARQ process [3].
For the CONNNECTED UE MBS reception, as the gNB can know the UE’s MBS reception via the RRC message of the UE’s MBS interest indication, the gNB can avoid the HARQ process collision between the unicast and the MBS. Then the gNB can simply indicate the HARQ process via the scheduling DCI. For example, for PTM transmission scheme 1 which is already supported for MBS service, the HARQ process used for the group-common PDSCH is indicated via the g-RNTI DCI.
[bookmark: _Hlk61621941]Proposal 2: For the dynamic scheduling of MBS, the HARQ process used for the MBS transmission is indicated via the corresponding scheduling DCI.
In the last meeting, RAN1 has agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs. The RRC could configure the HARQ process used for the semi-static resource of the MBS, alike the current SPS configuration. Alternatively, the HARQ-process for MBS SPS transmission can be implicitly derived based on the slot index, similarly as the SPS HARQ-process ID determination in Rel-15/16
Proposal 3: For the semi-static resource allocation of MBS (i.e. SPS group-common PDSCH), the HARQ-process ID for MBS transmission can be either RRC-configured, or implicitly derived based on slot index.
HARQ new/retransmission
[bookmark: _Hlk61280280]As discussed in [4], either group-common PDCCH scheduled group-common PDSCH (i.e. g-RNTI based) or unicast PDCCH scheduled group-common PDSCH can be used to schedule the initial transmission of MBS PDSCH. 
Regarding the HARQ retransmission of the MBS service, as the gNB by implementation can avoid the HARQ process collision between the unicast service and the MBS service according to the analysis given in section 2.1, then the gNB can indicate the HARQ retransmission of MBS service via either C-RNTI (i.e. unicast PDCCH scheduled unicast PDSCH) or g-RNTI. Furthermore, using the unicast PDCCH for the MBS retransmission would also improve the transmission reliability of the MBS service due to UE specific beamforming and save the power of the other UEs which have already received an MBS TB successfully. However, one may consider that using the g-RNTI based PDCCH for scheduling of HARQ retransmission without sending the MBS TB to each UE independently would also benefit the resource utilization. Thus, it would also be possible that the gNB by implementation can dynamically select whether to use the C-RNTI or the g-RNTI for the scheduling of an MBS HARQ retransmission, so as to achieve a good balance between the resource utilization and the transmission reliability.
[bookmark: _Hlk54279671]To evaluate the performance of different retransmission schemes, i.e. with C-RNTI, g-RNTI, or C-RNTI/g-RNTI dynamically selected by gNB implementation, system-level simulation was conducted. The evaluation results in terms of spectral efficiency (SE) and resource utilization (RU) are shown in Table 1. The video traffic with 720p and 30fps is evaluated. UEs belong to same beam generate a UE group. For retransmission scheme of C-RNTI/g-RNTI dynamically selected by gNB implementation, C-RNTI is selected when the UEs number needing retransmission belong to same beam is more than one, otherwise the g-RNTI is used. Other detailed simulation assumptions are provided in Appendix.
[bookmark: _Ref54213212][bookmark: _Ref54199880]Table 1 Evaluation results for MBS HARQ retransmission identity
	HARQ retransmission scheme
	g-RNTI only
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]C-RNTI only
	C-RNTI/g-RNTI

	Cell average spectral efficiency
(bps/Hz/TRP)
	1.6420
	1.6372
	1.6427

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Resource utilization
	0.5535
	0.5248
	0.5190



Based on the results shown above, it can be observed that,
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _Hlk54279562][bookmark: OLE_LINK7][bookmark: OLE_LINK8]The retransmission scheme with C-RNTI/g-RNTI dynamically selected has about 6.23% and 1.11% gains in term of RU than the g-RNTI only and the C-RNTI only scheme respectively. Compared with C-RNTI, the slight gains of C-RNTI/g-RNTI can be attributed to the group common retransmission when there are multiple UEs belong to same beam need retransmission, which spends only one slot for retransmission while multi slots are required in C-RNTI only scheme. Compared with g-RNTI, the reason for the gain obtained in C-RNTI/g-RNTI is that the MCS levels of retransmission for C-RNTI are higher than that of C-RNTI due to UE-specific CSI, which saves more resources, resulting in the lower resource utilization.
· [bookmark: _Ref54015624]From the point of view of cell spectral efficiency, the performances of the three kinds of MBS HARQ retransmission identities are similar. The main reason for the differences of the three retransmission identities in cell spectral efficiency is that MBS HARQ retransmission identity involves C-RNTI, which makes the MCS level of initial transmission and interference conditions different from g-RNTI due to the UE specific CSI. 
[bookmark: _Ref54277066]Note that, for the retransmission of g-RNTI based scheme, NACK only based HARQ-ACK is enough for MBS initial transmission. For the retransmission of c-RNTI based scheme, ACK/NACK based HARQ-ACK is needed for MBS initial transmission. ACK/NACK based HARQ-ACK for PTM scheme 1 would require significant specification impact and work load, while it is easy to be supported for PTM scheme 2. Thus, if PTM scheme 2 is supported for MBS initial transmission, it would be beneficial to support the HARQ retransmission scheduled via either g-RNTI or C-RNTI.
Observation 1: The retransmission scheme with dynamically selected C-RNTI/g-RNTI brings about 6.23% and 1.11% gain in term of RU compared to the g-RNTI only and C-RNTI retransmission scheme respectively.
[bookmark: _Ref54277523]Observation 2: For the cell spectral efficiency, the performances of the three kinds of MBS HARQ retransmission schemes are similar.
[bookmark: _Hlk61280883]Proposal 4: If HARQ-ACK/NACK for MBS transmission is supported, the HARQ retransmission can be scheduled via either g-RNTI or C-RNTI.
Conclusions
In this contribution, we make discussions on the other issues for Rel-17 MBS, and we have the following proposals:
Observation 1: The retransmission scheme with dynamically selected C-RNTI/g-RNTI brings about 6.23% and 1.11% gain in term of RU compared to the g-RNTI only and C-RNTI retransmission scheme respectively.
Observation 2: For the cell spectral efficiency, the performances of the three kinds of MBS HARQ retransmission schemes are similar.
Proposal 1: The MBS transmission (i.e. group-common PDSCH) and the unicast transmission (i.e. unicast PDSCH) share the same HARQ process pool.
Proposal 2: For the dynamic scheduling of MBS, the HARQ process used for the MBS transmission is indicated via the corresponding scheduling DCI.
Proposal 3: For the semi-static resource allocation of MBS (i.e. SPS group-common PDSCH), the HARQ-process ID for MBS transmission can be either RRC-configured, or implicitly derived based on slot index.
[bookmark: _Toc502437832]Proposal 4: If HARQ-ACK/NACK for MBS transmission is supported, the HARQ retransmission can be scheduled via either g-RNTI or C-RNTI.
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Table 2  Simulation assumptions for evaluation of MBS service
	Parameters
	Value

	Layout
	UMa in TR38.901

	Inter-BS distance
	500 m

	Carrier frequency
	4GHz

	Simulation bandwidth
	20 MHz, 8.2% Guard Band

	Frame structure 
	DDDDDDDSUU, 10:2:2 for S

	SCS / Cyclic Prefix
	30 KHz / NCP

	Channel model 
	UMa in TR 38.901

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)
(dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
(dH,dV) = (0.5, N/A)λ
0°,90° polarization

	BS beam set
	For direction of BS analog beam steering (in LCS):
Azimuth angle φi = [0] 
Zenith angle θj = [90 95 100 105] degree

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.

	Traffic model
	Traffic mode: video
Traffic frequency: 30fps
Traffic Image resolution: 720*1280p 

	Transmit power
	49 dBm at BS

	Antenna height
	assign with TR38.901

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	9 dB at UE

	UE distribution
	80% indoor, with 3km/h
20% outdoor, with 3 km/h

	Number of UEs per cell
	10

	Schedule method
	Beam round robin and TDM scheduled

	Schedule granularity
	Unicast: subband; Groupcast: wideband

	PMI CQI feedback granularity
	Unicast: subband; Groupcast: wideband

	Max retransmission time
	4

	MCS table
	EMBB_CP_OFDM_64QAM

	Receiver
	MMSE-IRC





	
