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1. Introduction

CSI-RS can be used for beam management, CSI measurement and mobility measurement in NR. The design of CSI-RS should satisfy the requirement of all the functionalities. For CSI-RS design for beam management and RS multiplexing, it was agreed in RAN1 AH#3 meeting that:
Agreement:
NR should support non-adjacent mapping of CSI-RS components in frequency domain.

· The REs in each CSI-RS component should be adjacent

Uniform RE mapping across all 4 symbols for N=4 is supported.

· Support of non-uniform case is FFS

Agreement:
For ECP, NR supports the following: 
· CSI-RS reuses NCP CSI-RS resources 
· For beam management purpose, reuse 1-port NCP CSI-RS for beam management
· For beam management purpose, reuse 2-port NCP CSI-RS with D=1 for ECP in Rel-15 subject to RAN4 feedback

Send LS to RAN4 to request feedback on the following issues (Huawei, Xi):

· Feasibility of 2-port ECP/NCP CSI-RS with D=1 for beam management

· Feasible densities of 1-port ECP/NCP CSI-RS for beam management

Agreement:
All slides in R1-1716782 with the following revision to slide 5

· Down-select among the following options

· Opt. 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB

· Opt. 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, subcarrier in the given PRB. 

· FFS, additional constraints, e.g. considering size of the component RE pattern

· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission

· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately

· FFS: additional OFDM symbol locations
This contribution is revised of R1-1715673 with some update. In this contribution, we discuss remaining issues on the design of CSI-RS to support DL beam management and CSI acquisition.
2. Discussion
2.1. CSI-RS for beam management.
During the discussion of FD-MIMO in LTE, two TXRU mapping schemes were defined for analog beamforming: subarray based or full-connected based. For full-connected connection, different beams can only be used via TDM. For subarray based connection, as shown in Fig.1, multiple antenna element groups or panels can be used to transmit CSI-RS with different beams simultaneously, e.g. in different REs of one symbol. Also, for a gNB with multiple panels, simultaneous multiple beams from different panels are possible. Hence, whether multiple CSI-RS resources with different beams can be FDMed is gNB implementation and can be scheduled by gNB. To improve the resource efficiency for case of subarray connection, NR specification should support multiplexing of as many beams as possible within one symbol.
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Fig.1 Analog beamforming of CSI-RS based on subarray based TXRU mapping
It was agreed that CSI-RS resource with 1 port could be used for beam management and the value of density D (D>=1) needs further discussion. RAN1 is waiting for the LS reply from RAN4 on the value of D and to decide whether 2 ports CSI-RS is used for beam management. However, considering the limited time, RAN4 may not have enough time to perform sufficient evaluation on the candidates to provide a clear suggestion to RAN1. In this case, NR should consider configurable CSI-RS density for 1 port CSI-RS to provide the flexibility and accuracy of measurement for beam management. Different densities can be used in different scenarios to make a good tradeoff between resource overhead and measurement accuracy. We propose to at least support small density of CSI-RS resource for beam management, e.g. D=1.5 to support at most 8 beams in one symbol for 1 port CSI-RS.
For 2 ports case, there was working assumption to preclude 2-port CSI-RS with D>1 for beam management n Rel-15 since there was argument on whether CDM between ports should be supported. Whether 2 port CSI-RS with D=1 is supported is depended on RAN4 replay. If there is no reply from RAN4, RAN1 should still support 2 port CSI-RS for beam management since it can provide better measurement accuracy via measurement on different polarizations. If 2 port CSI-RS is supported, it is recommended to apply D=1.5 instead of D=1 because D=1.5 can support 4 beams in one symbol with better performance than D=1. If D=1.5 is supported for 2 ports, FDM based port multiplexing can be supported considering CSI-RS pattern for CSI acquisition cannot be reused.
Proposal 1: For 1-port CSI-RS resource for beam management, support configurable density including D=1.5 if there is no timely and clear reply from RAN4.

Proposal 2: For 2-port CSI-RS resource for beam management, support D=1.5 instead of D=1 if there is no timely and clear reply from RAN4.

It was proposed by companies that multiple CSI-RS port groups can be defined within a CSI-RS resource and different groups cannot be assumed to be QCLed. Each CSI-RS port group can be transmitted from separate TRP/panel, or transmitted with independent beams. For CSI acquisition, it is proposed that separate CSI-RS resources are configured for different TRPs/panels to support NC-JT or transmit point selection, and simplify the signaling/feedback design via independent CSI for each TRP/panel. For beam management, only 1 or 2 ports CSI-RS would be used and no QCL assumption within a resource is needed. Hence, it is proposed that only single port group is supported within a CSI-RS resource, and all the ports can be assumed to be QCLed at least w.r.t. {spatial Rx parameters}. This can be extended to other parameters.
Downlink beam management can be performed via beam sweeping based on SS block or CSI-RS. When one or more DL Tx beams are determined via beam management, the beam(s) can be applied to both CSI-RS for acquisition and PDSCH. Hence, for a NZP CSI-RS resource for CSI acquisition, the UE can be informed with the QCL w.r.t {spatial Rx Parameters} between the resource and another CSI-RS resource for beam management or a SS block transmitted via the same beam. The indication can be explicitly carried by the configuration signaling of CSI-RS, or could be implicitly acquired from the QCL indication for the recent PDSCH.
Proposal 3: The CSI-RS ports within a CSI-RS resource should be assumed to be QCLed at least w.r.t {spatial Rx parameters}. 
Proposal 4: For a NZP CSI-RS for CSI acquisition, support QCL between the resource and a NZP CSI-RS for beam management or a SS block w.r.t {spatial Rx parameters}. 
2.2. Resource allocation for CSI-RS
In NR, separate beam management processes are specified for CSI-RS, SS block and PDCCH. For example, SS block may use a set of wide beams for larger coverage, CSI-RS may use narrow beams for beam sweeping, and PDCCH may use narrower beams based on the result of beam sweeping. It is also possible that the same beam is applied to different signal. For example, CSI-RS could use a beam subset based on beam sweeping of SS block, and PDCCH could use a beam subset of CSI-RS. In this case, CSI-RS and SS block/PDCCH with the same beam could be FDMed in the same symbol to improve the resource efficiency of SS block symbol and PDCCH symbol. Furthermore, as shown in Fig.1, if CSI-RS and SS block/PDCCH are transmitted via different panels/antenna element groups, they can also be transmitted simultaneously. Hence, the scheduling in NR should allow the case of FDM between CSI-RS and SS block or between CSI-RS and PDCCH.
Proposal 5: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s) outside the synchronization bandwidth.
Proposal 6: From a UE perspective, CSI-RS can be transmitted in REs that is in the same OFDM symbol of configured CORESET but outside the CORESET.
ZP CSI-RS is supported in NR for interference measurement and interference avoidance for NZP CSI-RS in neighboring cell. In LTE, the ZP CSI-RS is composed of one or multiple 4 port NZP-CSI-RS patterns to match the CSI-RS resource in neighboring cell. In NR, CSI-RS patterns for {1, 2, 4, 8, 12, 16, 24, 32} ports are designed based on limited CSI-RS components. To support ZP CSI-RS resource corresponding to NZP CSI-RS resource with different ports, ZP CSI-RS can also be composed of multiple similar components. Bitmap on possible CSI-RS components {e.g. (Y,Z)=(2,1) (2,2) (4,1)} can be considered to support flexible resource configuration for ZP CSI-RS. If the number of possible CSI-RS components is very large, N port CSI-RS pattern (e.g. N=4) as in LTE can be considered instead.
Proposal 7: CSI-RS component based ZP CSI-RS signaling can be considered.
3. Conclusions
In this contribution, we discuss the design of CSI-RS for beam management and CSI acquisition. We have the following proposals:
Proposal 1: For 1-port CSI-RS resource for beam management, support configurable density including D=1.5 if there is no timely and clear reply from RAN4.
Proposal 2: For 2-port CSI-RS resource for beam management, support D=1.5 instead of D=1 if there is no timely and clear reply from RAN4.
Proposal 3: The CSI-RS ports within a CSI-RS resource should be assumed to be QCLed at least w.r.t {spatial Rx parameters}. 

Proposal 4: For a NZP CSI-RS for CSI acquisition, support QCL between the resource and a NZP CSI-RS for beam management or a SS block w.r.t {spatial Rx parameters}. 
Proposal 5: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s) outside the synchronization bandwidth.

Proposal 6: From a UE perspective, CSI-RS can be transmitted in REs that is in the same OFDM symbol of configured CORESET but outside the CORESET.
Proposal 7: CSI-RS component based ZP CSI-RS signaling can be considered.
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