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1 Introduction
In RAN Meeting #88-e a new working item was approved WID [1] targeting the RAN support of Multicast/ Broadcast Services (MBS) in R17.One of the key objectives of this WID includes;
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception

· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]

To achieve the first objective RAN1 WG has agreed to support simultaneous reception of unicast service (which is scheduled by PTP transmission over physical downlink shared channel (PDSCH)) and MBS service (which is scheduled by either PTP transmission over PDSCH or by PTM transmission over group-common PDSCH) within a slot [2]. On the other hand, for the reliability objective, RAN1 WG has agreed to support both an acknowledged (ACK) and non-acknowledged (NACK) based hybrid automatic repeat request (HARQ) for semi-persistently (SPS) or dynamically scheduled MBS service same as unicast [3]. However, it is still not clear how the HARQ process, the initial transmission and re-transmission can be configured in a way capable of supporting simultaneous SPS/dynamic scheduling of unicast (PTP) and MBS (PTP/PTM) within a same time slot. This report discusses some details about how the above issues can be addressed.
2 Discussion
 During RAN1#103-e meeting the following schemes were agreed for multicast-broadcast (PTP/PTM) service or session transmission.  

· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with cyclic redundancy check (CRC) scrambled by UE-specific radio network temporary identifier (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 

· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.

· 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 schemes

According to above agreements and the current agreed MBS architecture in RAN2 [4] (Figure 1), we can notice that both of unicast (PTP) and MBS (PTP) RAN upper layer data units  can be scheduled using the same transmission scheme (i.e., PTP transmission over UE-specific PDSCH) ;whereas, MBS (PTM) data units  can be scheduled by either PTM transmission scheme 1 or PTM transmission scheme 2 over a group-common PDSCH. For such details, a separate HARQ process should be configured for unicast or MBS service scheduled by PTP over UE-specific PDSCH; similarly, another separate HARQ process should be configured for MBS service scheduled by PTM over group-common PDSCH.  

[image: image1]
Figure 1: PTP and PTM HARQ Processes Configuration at gNB

Based above configurations, in order to support simultaneous scheduling of unicast (PTP) and MBS (PTP/PTM) within a same time slot as per RAN WG1 agreement [2], multiplexing of PTP and PTM  initial transmission within a transport block (e.g., using code block groups) or within a time slot (i.e., using transport blocks) shall be supported in R17 MBS (Figure 1).  On the other hand, in order to avoid the retransmission of a whole transport block containing both PTP and PTM initial transmission which could cause downlink transmission inefficiency, a partial retransmission of only the PTP or PTM part of transport block or time slot should also be considered  in R17 MBS . By employing such a partial retransmission, a UE may able to configure only one HARQ process to serve a transport block or a time slot for carrying both PTP and PTM initial transmission. However, to achieve such a partial retransmission, the UE needs be aware of which part of the transport block or time slot is configured for PTP and PTM within the initial transmission. In the view of that, an indication can be provided by the network (e.g., singe bit as given in Table 1) to inform UE about PTP and PTM configuration within the time slots or the transport blocks of initial transmission.  Based on that, the UE can able to configure a partial ACK/NACK feedback code bits (e.g., as given in Table 2) for indicating the lost or erroneous PTP or PTM part of the initial transmission to the network, and the network can retransmit the erroneous/lost PTP/PTM part accordingly. The major advantages of the aforementioned process is helping the network to avoid the downlink transmission inefficiency, and allowing UE to configure a single HARQ process/entity to serve a transport block or a time slot carrying both PTP and PTM initial transmission. Based on the above discussion we made the following observation

· Observation 1: In order to support simultaneous scheduling of unicast (PTP) and MBS (PTP/PTM) within a slot as per WID requirement and RAN WG1 agreement, multiplexing of PTP and PTM initial transmission within a transport block or within a time slot shall be supported in R17 MBS.  Additionally, to avoid the retransmission of a whole transport block containing both PTP and PTM initial transmission which could cause downlink transmission inefficiency, a partial retransmission of only the PTP or PTM part of a transport block or a time slot should also be considered in R17 MBS. 

Based on the above observation, we kindly ask RAN1 WG to discuss the following proposals:
· Proposal 1: Support multiplexing of PTP and PTM RAN upper layer initial transmission data units within a transport block for UE capable of supporting one transport block per time slot, and support multiplexing of PTP and PTM initial transmission within a time slot for UE supporting multiple transport blocks per slot.
· Proposal 2: Discuss the support of UE awareness of which part of the slot or transport block is configured for PTP and PTM within the multiplexed PTP and PTM initial transmission.
· Proposal 3: Discuss the support of configuration of a partial ACK/NACK feedback code bit by a UE to indicate to the network the erroneous or lost PTP/PTM part of the initial transmission. 
Table 1: Example of PTP/PTM HARQ indication information bits provided by the network to UE
	gNB indicated HARQ information to UE 
	PTP/PTM configuration within a TB or a time slot 

	1
	[PTP, PTM] is configured and first CBG is configured for PTP

	0
	[PTP, PTM] is configured and first CBG is configured for PTP

	Absent 
	[PTP, PTM] is not configured


Table 2: Example PTP/PTM ACK/NACK feedback bits provided by UE to the network.
	UE PTP/PTM ACK/NACK
Code bit 
	UE indicated feedback to gNB

	01
	NACK [PTP failed, PTM received]

	10
	NACK [ PTP received, PTM failed]

	00
	NACK [both PTP & PTM not received]

	11
	ACK [ both PTP & PTM are received]


3 Conclusions 
In this report, we have discussed some details about the issue of how HARQ process, the initial transmission and re-transmission can be configured to support simultaneous SPS/dynamic scheduling of unicast (PTP) and MBS (PTP/PTM) services within a slot.  Based on the discussion we made the following observation: 
· Observation 1: In order to support of simultaneous scheduling of unicast (PTP) and MBS (PTP/PTM) within a slot as per WID requirement and RAN WG1 agreement, multiplexing of PTP and PTM initial transmission within a transport block or within a time slot shall be supported in R17 MBS.  Additionally, to avoid the retransmission of a whole transport block containing both PTP and PTM initial transmission which could cause downlink transmission inefficiency, a partial retransmission of only the PTP or PTM part of a transport block or a time slot should be also considered. 

Based on the above observation, we kindly ask RAN1 WG to discuss the following proposals: 
· Proposal 1: Support multiplexing of PTP and PTM RAN upper layer initial transmission data units within a transport block for UE capable of supporting one transport block per time slot, and support multiplexing of PTP and PTM initial transmission within a time slot for UE supporting multiple transport blocks per slot.
· Proposal 2: Discuss the support of UE awareness of which part of the slot or transport block is configured for PTP and PTM within a multiplexed PTP and PTM initial transmission.
· Proposal 3: Discuss the support of configuration of a partial ACK/NACK feedback code bit by a UE to indicate to the network the erroneous or lost PTP/PTM part of the initial transmission. 
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