	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 NR Ad Hoc	R1-1700915
Spokane, USA 16th - 20th January 2017

[bookmark: Source]Agenda item:	5.1.2.2
Source: 	Samsung
Title: 	Overview of beam management for > 6GHz
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. The following agreement was achieved in RAN1#86[2]:
	Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals



At RAN1 #86bis [3], the following working assumption on beam management RS was achieved:
	Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals



At RAN1 #87 [4], the following agreement on the RS for mobility was achieved:
	Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 1-1: NR-SSS and/or NR-PSS
· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)
· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)
· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)
· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}



In this contribution, we present our views on the beam management for > 6GHz NR system.
RS for beam management
Two types of RS are used in beam management for the UE to measure and report the beam RSRP. The first RS is cell-specific RS which conveys cell-specific beams. One good option for cell-specific RS is MRS-1, as discussed in companion contribution [5]. The MRS-1 can also be referred to as BRS (beam reference signal). The BRS is configured during the initial access procedure and is transmitted periodically and multiplexed with the NR-SSS in the same slot. The beam alignment on cell-specific beams conveyed by the BRS can be achieved at very early stage, e.g., during the RACH procedure.  
The second RS is UE-specific RS which conveys UE-specific beams. One good option for UE-specific RS is UE-specific beam management CSI-RS (B-CSI-RS) which supports the capability of TRP Tx beam sweeping and UE Rx beam sweeping, as agreed in RAN1 #87[4].
The beams conveyed in BRS are cell-specific beams that can be used to cover the whole cell area. One UE can be associated with one or more cell-specific beams. The beams covered in UE-specific B-CSI-RS are UE-specific beams. The beams in B-CSI-RS can be the beams refined for beam width and/or beam direction. 
Proposal 1: L1/L2 beam management uses cell-specific BRS and CSI-RS in > 6GHz NR system
Beam measurement and reporting
The NR should support the UE to measure and report the beam quality based on the BRS and UE-specific B-CSI-RS. 
Cell-specific TRP Tx beams are conveyed by the BRS. The UE can measure the beam-specific RSRP of all the TRP Tx beams and then report the best one or more Tx beams. The best Tx beam can be the beam with the largest beam-specific RSRP. The UE can also report the ID and beam-specific RSRP of multiple TRP Tx beams. In the BRS, the beam ID can be indicated by antenna port index, the BRS resource index, or a combination of antenna port and OFDM symbol index.
UE-specific beams are conveyed in B-CSI-RS. The B-CSI-RS can provide both Tx beam sweeping and Rx beam sweeping capability. In the B-CSI-RS resource with Tx beam sweeping capability, multiple TRP Tx beams are conveyed in the B-CSI-RS. The UE is able to measure the beam-specific RSRP or CSI of those beams and then report the best N ≥ 1 TRP Tx beams. The UE can also report the corresponding Rx beam mode for each reported TRP Tx beam. In the B-CSI-RS resource with Rx beam sweeping capability, the UE is able to use multiple Rx beams (i.e., Rx beam modes) to measure the beam-specific RSRP or CSI. Then the UE can select the best Rx beam mode for the downlink reception. In B-CSI-RS, the TRP Tx beam ID can be calculated by CSI-RS resource index, antenna port index, or a combination of antenna port index and time unit index/sub-time index 
Proposal 2: NR supports UE measure and report beam information based on the BRS and CSI-RS in > 6GHz NR system:
· Reporting contents can be, e.g., CSI, beam-specific RSRP. 
Beam indication and switch
To assist the downlink reception at UE side, the gNB needs to indicate the information of which TRP Tx beam(s) are used to transmit the downlink data to the UE. The indication can be implicit or explicit. One implicit way can be that the UE reports one best TRP Tx beam with the largest beam-specific RSRP and then the gNB is going to use this beam for the downlink transmission to this UE by default. In this manner, the gNB does not need to indicate the beam ID explicitly to the UE.
The beam information can also be indicated in an explicit manner. The information indicating the selected beam(s) can be carried in L1 signaling DCI. One option of using DCI is that the information indicating the selected beam(s) can be only used for the PDSCH scheduled by the same DCI. Another option is that the selected beam(s) will be used until the next indication. The information of selected beam(s) can also be carried in L2 signaling MAC-CE. The selected beam(s) indicated in MAC-CE can be used for the downlink transmission until a new indication in MAC-CE or DCI is received by the UE.
Proposal 3: NR supports indication of selected beams in DCI and/or MAC-CE.
Conclusion
This contribution discusses the beam management operation for > 6GHz NR system. In particular, the following are proposed:
Proposal 1: L1/L2 beam management uses cell-specific BRS and CSI-RS in > 6GHz NR system
Proposal 2: NR supports UE measure and report beam information based on the BRS and CSI-RS in > 6GHz NR system:
· Reporting contents can be, e.g., CSI, beam-specific RSRP. 
Proposal 3: NR supports indication of selected beams in DCI and/or MAC-CE.
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