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1 Introduction
In RAN1#87, the CSI-RS design and related antenna deployment have been discussed and the following agreements regarding CSI-RS were reached [1].
Agreements: 

· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit

· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Values of NP is FFS

· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 

· Each time unit can be partitioned into sub-time units

· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded

· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 

· Tx beam(s) are same across sub-time units within each time unit

· Tx beam(s) are different across time units

· Option 2:

· Tx beam(s) are different across sub-time units within each time unit

· Tx beam(s) are same across time units

· Option 3: combination of Alt1 and Alt2:

· Within one time unit, Tx beam(s) are same across sub-time units.

· Within another time unit, Tx beam(s) are different across sub-time units.

· FFS combination of the different time units in terms of e.g., number and periodicity

· Note that only Tx sweeping or Rx sweeping is also a possibility

· Other options are not precluded.

· FFS: how to capture “same beam” and “different beam” in spec

· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations

Agreements: 

· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 

· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array

· Should consider different inter-panel phase calibration cases

· FFS QCL related aspects

· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.

· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on

· Should consider different inter-panel phase calibration cases

In this contribution, we consider the reference signal implementations for the beam management.
2 Discussion
The DL beam sweeping procedure is required to find TRP Tx beams/UE Rx beam(s) association. When either UE or network has no prior knowledge about the beam association between the TRP Tx beams and the UE Rx beams, the UE needs to perform P-1 procedure before P-2/P-3 procedure. During P1 procedure, the UE has to identify relevant TRPs and/or panels at first. Then the UE has to evaluate suitable beams associated with the TRPs and/or panels. When assuming many TRP and/or panels around the UE, the P-1 procedure requires the UE a certain amount of  power consumption. So, a efficient resource allocation design for P-1 procedure to realize low UE power consumption is being required. 

Proposal 1: The efficient resource allocation design for P-1 procedure to realize low UE power consumption should be studied.
When considering the efficient resource allocation, we need to consider both the antenna architecture and the TRP/Panel deployment aspect. At first, we will mention about the antenna architecture. As RAN1 identified, the hybrid architecture is important to realize low cost antenna system. There are two kind of hybrid antenna architecture such as full connection and sub connection. From low cost perspective, we would like to focus on sub connection hybrid antenna architecture. 
In the hybrid architecture, multiple analogue phase shifters connect to one TXRU. The multiple analogue phase shifters connected to one TRXRU cannot provide multiple different beams simultaneously. In addition, The multiple analogue phase shifters cannot provide multiple different direction beams in frequency domain because the antenna weight vectors are deployed only in time domain.
To simplify the discussion, we would like to assume that  a panel consist of the multiple analogue phase shifters is connected to one TXRU. 
When two panels are deployed as non-uniform array manner each other, we assume each panel cannot provide same beam sweeping property. In that case, two P1 procedure corresponding to each panel would be required. Then, a resource allocation for each P1 procedure for each panel can be deployed by the FDM/TDM manner. In the case, FDM manner is more preferable because it can reduce UE beam reception time.
When two panels are deployed as uniform array manner each other in a TRP, a resource allocation with FDM/TDM manner is possible. FDM manner is more preferable as well as above case. Then, it may be enough to allocate the resource for the one panel because the property of the beam from the panels can be considered as same one.
Proposal 2: RAN1 should study the relationship between antenna panel deployment and the beam sweeping resource allocation using FDM manner.
As for multiple TRP case, whether resource allocation by the FDM manner is possible or not depends on each RSRP level from different TRPs. This aspect is not so strict condition compared to QCL condition being discussed for CQI acquisition. But each signal from the different TRPs needs to be within a certain power level.
Proposal 3: RAN1 should study the relationship between TRP deployment and the beam sweeping resource allocation with FDM manner.
Table 1 shows a summary of above discussion. Figure 1 shows a example of beam sweeping resource allocation. for the beam management P-1. The figure includes an example of the  FDM manner among configuration 1 to 3 and the TDM manner among configuration 4 and the others.

Table 1 Antenna port mapping in FDM/TDM manner
	Condition of the beam source
	Preferable resource allocation method 

	The beams from same panel
	TDM manner

	The beams from different panel with non-uniform array in a TRP
	FDM manner

	The beams from different panel with uniform array in a TRP
	FDM manner
Note: Resource for other panel may be able to be omitted

	The beams  from different TRP and the RSRP level of the beams are within a certain level
	FDM manner

	The beams  from different TRP and the RSRP level of the beams are beyond a certain level
	TDM manner
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Figure 1 FDM/TDM manner for beam sweeping configuration
3. 
Conclusions
In this contribution, the following proposals are made:
Proposal 1: The efficient resource allocation design for P-1 procedure to realize low UE power consumption should be studied.
Proposal 2: RAN1 should study the relationship between antenna panel deployment and the beam sweeping resource allocation using FDM manner.
Proposal 3: RAN1 should study the relationship between TRP deployment and the beam sweeping resource allocation with FDM manner.
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