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Introduction
In RAN1#103-e meeting [1], the following agreements on initial transmission and retransmission(s) were reached:
	Agreements:
For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?
Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission


This contribution discusses the design of initial transmission and retransmission(s) in MBS service, and how to align the multiple receptions in MBS services and unicast services by a UE when simultaneous receptions are supported.
Discussion
According to Rel-15/16 HARQ-ACK feedback and buffer rules, the receptions of a TB with the same HPN are stored in the same buffer. When a UE is supporting simultaneous reception of multicast services and unicast services with HARQ-ACK enabled, if the total supported number of HPN is not supposed to be increased, shared HPN with separate buffer can be considered.
When initial transmission and retransmission(s) for the same TB use different schemes, e.g. initial transmission uses PTM scheme 1 and retransmission(s) use PTP, HPN and NDI should be used to align the multiple transmission for a TB in MBS. From UE’s perspective, unicast is also ongoing when receiving multicast. How to allocation HPN between unicast and multicast should be considered.
· Case 1: PTM scheme 1 is used for initial transmission and retransmission(s)
A UE, supporting simultaneously receiving multicast and unicast, is supposed to differentiate an HPN when it is shared between a multicast TB and a unicast TB. For an initial transmission of a TB (e.g. TB_m1) using PTM scheme 1, the NDI is toggled if the HPN (e.g. HPN=2) is already occupied by previous multicast transmission (e.g. TB_m0). Simultaneously, a unicast initial transmission of a TB (e.g. TB_u1) is also using HPN=2, the NDI should be toggled if the HPN is occupied by previous unicast transmission (e.g. TB_u0). Whether the NDI of the same HPN is toggled or not should be determined between two multicast transmissions, or between two unicast transmissions. Furthermore, UE should be able to store the received multicast TB_m1 (HPN=2) and unicast TB_u1 (HPN=2) in separate buffers. If the received TBs for with the same HPN but not distinguished between multicast and unicast, the received (non-decodable) TBs with same HPN for multicast and unicast are stored in the same buffer, the previous stored TB should be cleared from the buffer since NDI is toggled. This may lead to disrupt retransmission and soft combination for either multicast or unicast. An example in Table 1 is explained this issue and possible differentiation method based on current mechanism.
Table 1. Differentiation of the same HPN for MBS and unicast
	A TB for
	Initial transmission
	Retransmission(s)

	
	HPN
	NDI
	RNTI
	HPN
	NDI
	RNTI

	MBS service
	2
	0
	G-RNTI
	2
	0
	G-RNTI

	Unicast service
	2
	0
	C-RNTI
	2
	0
	C-RNTI



· Case 2: PTM scheme 1 for initial transmission, PTP for retransmission(s)
Similar with case 1, a UE should be able to differentiate the received TBs for multicast and unicast, which have the same HPN. Besides, the buffer separation should also be considered. In this case, MBS retransmission for a TB is using PTP which is the same scheduling mechanism with the TB’s (re)transmission(s) for unicast services. First, a TB’ (MBS services) initial transmission (PTM 1) and retransmission(s) (PTP) should be associated and aligned. Second, a TB’s (MBS services) retransmission (PTP) and a TB’s (unicast services) transmissions should be differentiated. Based on current mechanism, the combination indication of NDI, RNTI and TBS can be considered for the differentiation solution. An example in Table 2 is explained the combination indication based on current mechanism.
Table 2. Combination indication to differentiate the same HPN for MBS and unicast
	A TB for
	Initial transmission
	Retransmission(s)

	
	HPN
	NDI
	RNTI
	TBS
	HPN
	NDI
	RNTI
	TBS

	MBS service
	2
	0
	G-RNTI
	m
	2
	0
	C-RNTI
	m

	Unicast service
	2
	0
	C-RNTI
	k
	2
	0
	C-RNTI
	k


The maximum supported HPN procedures by a UE is based on capability, e.g. 16. When supporting multicast and unicast sharing the same HPN, the maximum supported HPN procedures is not supposed to be increased. However, the buffer requirement is increased because the received by non-decodable TBs for multicast and unicast should be stored in separate buffers. The required buffer for the above two cases is maximum as twice as before, which substantially requires higher UE buffer capability.
Proposal 1: The maximum number of supported HPN by a UE is not increased when supporting simultaneous reception of unicast and multicast both with HARQ-ACK retransmission enabled.
Proposal 2: When a HPN is shared by multicast service and unicast service by a UE, the UE should be able to differentiate the HPN between multicast and unicast.
Proposal 3: When a HPN is shared by multicast service and unicast service by a UE, the (non-decodable) TB for multicast and the (non-decodable) TB for unicast should be stored in separate buffers.
Proposal 4: When a HPN is shared by multicast and unicast by a UE, the combination indication of NDI, RNTI and TBS can be used for differentiation between the received TBs for MBS services and unicast services.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: The maximum number of supported HPN by a UE is not increased when supporting simultaneous reception of unicast and multicast both with HARQ-ACK retransmission enabled.
Proposal 2: When a HPN is shared by multicast service and unicast service by a UE, the UE should be able to differentiate the HPN between multicast and unicast.
Proposal 3: When a HPN is shared by multicast service and unicast service by a UE, the (non-decodable) TB for multicast and the (non-decodable) TB for unicast should be stored in separate buffers.
Proposal 4: When a HPN is shared by multicast and unicast by a UE, the combination indication of NDI, RNTI and TBS can be used for differentiation between the received TBs for MBS services and unicast services.
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