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1. Introduction
In RAN1 NR AH #2 meeting, the following agreements on CSI-RS for beam management have been achieved. [1]
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”
It was agreed to support downlink beam management procedure P-1/P-2/P-3 using CSI-RS. By beam management procedure P-1, the UE should be able to find good Tx-Rx beam pair(s) using Tx and Rx beam sweeping operation. For the beam management procedure P-2, UE should be able to the find out the best Tx beam using Tx beam sweeping. Similarly, for the beam management procedure P-3, UE should be able to the find out the best Rx beam using the Rx beam sweeping. The beam management procedures P-2 and P-3 may also be jointly enabled, which means the Tx and Rx beam sweeping on CSI-RS should be supported. The L1-RSRP can be used to measure the quality of each beam. Hence the CSI-RS design should make sure the L1-RSRP can be accurate enough. In this contribution, we will provide discussion on the density of CSI-RS for beam management. Note that the CSI-RS used in this contribution denotes the CSI-RS for beam management.
2. Discussion
The CSI-RS can be used to measure the L1-RSRP of each beam and the best beam pair link (BPL) can be found out by some Tx and Rx beam sweeping operation. Hence, the measurement accuracy of L1-RSRP would be critical for beam management. To get the highest performance, one way is to use D=12 for 1 AP case. However this may not be efficient enough since it is not easy to multiplex the CSI-RS for some other beams. Further if D<12, the IFDMA based structure can be enabled which could allow the UE to perform Rx beam sweeping within a symbol. 
For 1 AP case, the candidate density D can be selected from {1, 2, 3, 4, 6} RE/RB/symbol. Figure 1 illustrates some link level simulation results for different densities of CSI-RS, where the number of allocated RBs is 100. Totally 4 symbols are allocated for the CSI-RS where different beams are applied. The UE would select one of the 4 beams based on the measurement of L1-RSRP. Then the beamformed SINR by the selected beam can be obtained. The detail simulation assumption is shown in Table A-1 in Appendix. It can be observed that compared to D=1, the D=3 case could have 2.8dB performance gain, and compared to D=2, 1 dB gain can be obtained by D=3. The performance for the cases of D>=3 is closed. Hence for 1 AP case, D=3 is recommended.


Figure 1: LLS result for different densities of CSI-RS
For 2 AP case, the 2 APs can be used to reflect different polarizations for a beam. If this case is supported, the performance should not be worse than 1 AP case. Since the measurement can be done by averaging the receiving power of both APs, the total density should be the same as the 1 AP case. So for each AP, the density D=3/2 should be recommended. Further since the two APs should be used to reflect different polarizations, the channel in different APs could be different. Therefore the CDM should not be supported.
Therefore generally, Figure 2 illustrate the CSI-RS structure for 1 AP and 2 APs case. For 1 AP case, D=3 should be supported and if 2 AP is supported, D=3/2 should be supported.


Figure 2: CSI-RS structure for 1 AP and 2 APs case
Proposal 1: For 1 AP case, D=3 should be supported.
Proposal 2: If 2 APs is supported, D=3/2 should be supported and CDM should not be used.
Further, apart from the density, the bandwidth of CSI-RS would also have some impact on the L1 RSRP measurement accuracy. Denote B to be the number of RBs allocated for CSI-RS, Figure 3 illustrates some link level simulation results for different allocated bandwidth case given the full bandwidth size is 100 RBs. The detail simulation assumptions are shown in Table A-1 in appendix. It can be observed that significant performance gain can be achieved by full bandwidth CSI-RS compared to small partial bandwidth CSI-RS. When B=50 RB, the performance could be closed to the full bandwidth CSI-RS. To achieve better performance, the bandwidth of CSI-RS should not be smaller than 50% of the full bandwidth.


Figure 3: LLS result for different bandwidth of CSI-RS
Proposal 3: To achieve better performance, the bandwidth of CSI-RS should not be smaller than 50% of the full bandwidth.
3. Conclusion
In this contribution we have provided our views on CSI-RS structure for beam management. From the discussion, we have the following observations or proposals.
Proposal 1: For 1 AP case, D=3 should be supported.
Proposal 2: If 2 APs is supported, D=3/2 should be supported and CDM should not be used.
[bookmark: _GoBack]Proposal 3: To achieve better performance, the bandwidth of CSI-RS should not be smaller than 50% of the full bandwidth.
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Appendix – Simulation Assumption
Table A-1: Simulation Assumption for LLS
	Parameter
	Assumption

	Channel Model
	CDL-B 30ns

	Carrier frequency
	30GHz

	System bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Number of symbols for CSI-RS
	4

	Number of sweeping Tx beams
	4

	Number of sweeping Rx beams
	1

	gNB antenna structure
	(4, 8, 1, 1)

	UE antenna structure
	(2, 4, 1, 1)
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