Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #102-e	Tdoc R1-2006918
eMeeting, August 17th – 28th, 2020

Agenda Item:	8.12.1
Source:	Ericsson
Title:	Mechanisms for group scheduling of RRC_CONNECTED UEs in NR 
Document for:	Discussion

	Introduction

The WID [1] objectives of NR multicast, broadcast services (NR-MBS) within the scope of RAN1 WG include:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· 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.
· [bookmark: _Ref178064866]Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM (point-to-multipoint) reception.

This contribution discusses different aspects of physical layer in order to support NR-MBS such as group scheduling, reference signals, control and data channels, modulation and coding scheme (MCS), beamforming, bandwidth parts (BWPs) and channel state information report, etc.

	Discussion
5G NR specifications provide different physical channels and signals. In order to comply with the restrictions and assumptions mentioned with respect to physical layer in the WID, numerologies, physical channels (PDCCH/PDSCH) and signals of relase-15 shall be reused for NR-MBS. 
To reuse the existing numerologies, physical channels and physical signals of release-15, including the same frame structure and modulation formats for NR-MBS.
To support different applications such as mobile broadband, URLLC and V2X, 5G NR specification provide different downlink/uplink reception types, each associated with a specific physical channel, RNTI, transport channel (if any).  For instance, UE receives the physical channels PDCCH+PDSCH in the downlink that correspond to transport channel DL-SCH (downlink-shared channel) or PCH (paging channel) depending on the reception type and monitoring RNTI (cf. Table 6.2-1 in [1]). Different combinations of these reception types can be simultaneously received by the UE depending on the UE capabilities. E.g., in RRC_IDLE mode, the UE would be able to monitor only a subset of RNTIs (cf. Table 6.2-2 in [2]). If the NR-MBS data sent from gNB to the UE via PTM transmission that is associated with a new RNTI, then this needs to be either mapped to an existing or new reception type in order to facilitate the monitoring of the NR-MBS data at the UE.
PTM transmission is based on DL-SCH, i.e. PDCCH is used for scheduling and PDSCH for data transmission.
To facilitate point-to-multipoint transmission, a new reception type shall be introduced with the corresponding Group RNTI, denoted as G-RNTI. This G-RNTI may be used for both PDCCH and PDSCH.
 
To introduce a new reception type for PTM of PDCCH and PDSCH, whose physical channels are monitored via a new G-RNTI (Group RNTI).

The existing DM-RS framework may be reused for PTM, in which case all UEs targeted by a G-RNTI transmission are configured with identical DM-RS.

The existing DM-RS framework is reused for PTM. DM-RS of PDSCH for PTM are scrambled by the G-RNTI and an RRC configurable scrambling ID, with all UEs being configured with the same DM-RS.

Reduction of UE power consumption in the context of unicast/PTP (point-to-point) transmissions in NR is facilitated by means of discontinuous reception (DRX), whereby the UE monitors downlink control channel PDCCH only when active while sleeping with receiver circuitry switched OFF the remaining time. It may be desirable to consider such mechanism for PTM transmission as well. 
The PTM transmission may leverage the existing framework of CSI-RS (channel state information reference signal) to facilitate the channel estimation at the UEs.

The existing CSI-RS framework is reused for PTM transmission.

Similar to PTP communication the network may use UE feedback to enhance the network performance. The CSI report may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI) and/or L1-RSRP. UE feedback may e.g. affect the MCS selection, beamforming, PTM/PTP decision, and use of HARQ.
A group of UEs that are to receive a PTM transmission can be provided with a report configuration, based on which the UEs report quantities such as CQI, PMI, RI, LI, L1-RSRP, etc., according to the existing framework. 
The network computes the common MCS to be used for a PTM group using PDSCH based on e.g. the CQI received from each UE. To determine the modulation order, target code rate of PTM transmission, the existing rules defined for PTP transmission are reused. 

For the PDSCH scheduled by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by G-RNTI, modulation order and target code rate are defined by following the identical rules defined for the PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI.

In current NR the UE is expected to process one or two transport blocks during the PTP data reception depending on the number of scheduled codewords. If the UE is receiving only PTM data, then it is expected to follow the same rules as PTP data with respect to the number of transport blocks (i.e. max 2) and size of transport blocks. However, if both PTP and PTM traffic are scheduled for the UE, then PDSCH with C-RNTI and PDSCH with G-RNTI are scheduled in different transport blocks via the respective PDCCHs. In such case, the legacy UE can only receive (or process) one transport block associated with each PDSCH of PTP and PTM. In some cases, if the PTP (PTM) data already occupy two transport blocks, then PTM (PTP) traffic needs to be scheduled after completing the reception of PTP (PTM) traffic.
The number of transport blocks and the size of transport blocks associated with PDSCH scheduled with G-RNTI follow the same rules as that of the PDSCH with C-RNTI. If the UE is expected to receive PDSCH with C-RNTI and with G-RNTI, then each PDSCH is assigned one transport block to be received by the UE. 

When the same BWP is used for PTM and PTP, from an efficiency point of view, it is highly desirable to be able to schedule PTM and PTM fully dynamically within the same slot, while still allowing for full functionality of HARQ reporting/retransmission on both PTP and PTM. It may also be a common use case that UEs need to receive different services simultaneously using PTP and PTM in parallel. It should be noted that using the same BWP implies also using the same numerology for PTM and PTP. Using different BWPs allows the use of different numerologies but also implies restrictions in the UE ability to transmit HARQ reporting for both PTM and PTP. 

PTP and PTM reception by a UE shall be possible in the same BWP and slot, while allowing independent HARQ operation on PTP and PTM. 
	Conclusion
It is desirable to reuse the existing release-15 framework and legacy UE features of unicast as much as possible for NR-MBS.
Based on the discussion in the previous sections we propose the following:
1. To reuse the existing numerologies, physical channels and physical signals of release-15, including the same frame structure and modulation formats for NR-MBS.
1. PTM transmission is based on DL-SCH, i.e. PDCCH is used for scheduling and PDSCH for data transmission.
1. To introduce a new reception type for PTM of PDCCH and PDSCH, whose physical channels are monitored via a new G-RNTI (Group RNTI).
1. The existing DM-RS framework is reused for PTM. DM-RS of PDCCH/PDSCH for PTM are scrambled by the G-RNTI and an RRC configurable scrambling ID, with all UEs being configured with the same DM-RS.
1. The existing CSI-RS framework is reused for PTM transmission.
1. A group of UEs that are to receive a PTM transmission can be provided with a report configuration, based on which the UEs report quantities such as CQI, PMI, RI, LI, L1-RSRP, etc., according to the existing framework. 
1. For the PDSCH scheduled by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by G-RNTI, modulation order and target code rate are defined by following the identical rules defined for the PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI.
1. The number of transport blocks and the size of transport blocks associated with PDSCH scheduled with G-RNTI follow the same rules as that of the PDSCH with C-RNTI. If the UE is expected to receive PDSCH with C-RNTI and with G-RNTI, then each PDSCH is assigned one transport block to be received by the UE. 
1. PTP and PTM reception by a UE shall be possible in the same BWP and slot, while allowing independent HARQ operation on PTP and PTM.
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