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1. Introduction
In RAN1 NR Ad-Hoc#2 meeting [1], the following CSI-RS RE patterns and configurations were agreed for CSI acquisition:
	Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
X
Density [RE/RB/port]
N
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Remark
1
>1, 1 
1
N.A.
No CDM
2
1
1
(2,1)
FD-CDM2
4
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)
8
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)
16
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)
32
1, 1/2
4
(2,2)
FD-CDM2, CDM4(FD2,TD2)
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· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table
Agreements:
· At least for CSI acquisition, for N=4 OFDM symbols, 
· Support two pairs of adjacent OFDM symbols for one CSI-RS resource where the two pairs can be adjacent or non-adjacent
· For each pair, support a uniform RE mapping pattern in the time domain wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· Note: CDM pattern will be discussed separately
Agreements:
· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:

· Alt 1: Distributed across multiple of the component CSI-RS RE patterns
· Alt 2: Fully contained within one component CSI-RS RE pattern 

· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns

Agreements:

· For CSI acquisition, at least the following parameters associated with a CSI-RS resource can be indicated to be a UE based on higher-layer configuration:

· Number of CSI-RS ports  

· Density (RE/PRB/port) 

· For density = 1/2, comb offset

· CDM (Length, Type) 

· Locations of the component RE patterns for the corresponding CSI-RS resource

· FFS on signaling details

· Scrambling ID

· Note: the detailed approach for the above signaling is FFS


And there were following agreements on CSI-RS for beam management:

	Agreements:

· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 

Agreements:

· 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”


On the CSI-RS multiplexing with other channels or signals, there were following options:

	Agreements:

· Down-select among the following two options in the next meeting

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)

Agreements:

· Down-select among the following two options in the next meeting:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 

· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.

· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot


In this contribution, we provide some details of CSI-RS design for and beam management.
2. Discussion on CSI-RS Design for Beam Management
2.1. CSI-RS configuration for beam management

For beam management, a compromise was made not to support CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology in Rel-15. Firstly, it means that fast beam sweeping with more than one Tx beam or Rx beam based on CSI-RS within a OFDM symbol in a reference numerology (or data OFDM symbol) cannot be achieved. Secondly, more OFDM symbols carrying CSI-RS is needed so that the overhead for CSI-RS for beam management would be enlarged.
With this new agreement, we can redefine the time unit and sub-time unit for beam management as follows:

· X 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 X is 1 or 2
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· Port multiplexing method and CSI-RS sequence are identical to those of CSI-RS for CSI acquisition
· Each time unit can be partitioned into sub-time units
· Each sub-time unit is 1 OFDM symbol in a configured/reference numerology
· Partitioning method is TDM
Proposal 1:

Time unit and sub-time unit for beam management can be redefined as follows:

· X 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 X is 1 or 2
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· Port multiplexing method and CSI-RS sequence are identical to those of CSI-RS for CSI acquisition
· Each time unit can be partitioned into sub-time units
· Each sub-time unit is 1 OFDM symbol in a configured/reference numerology

· Partitioning method is TDM

As stated in our companion contribution [2], utilizing the always-on SS blocks for beam management is able to save the CSI-RS overhead to some extent. In the case of multi-TRP and multi-panel, multiple TRPs/panels can transmit different Tx beams simultaneously where Tx beam of each TRP/panel uses individual CSI-RS resource. Then multiple CSI-RS resources can be configured in each sub-time unit to support multi-TRP and multi-panel beam management and related information can be included in the CSI-RS configuration for beam management.

Proposal 2: 

· Multiple CSI-RS resources can be configured in one OFDM symbol to support fast multi-TRP and multi-panel Tx beam sweeping.
In RAN1 #87 meeting [3], at least three 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
Option 1 or Options 2 can be configured via higher-layer signaling or MAC-CE or DCI. Then, take option 1 for an example, the number of time units NTU relates to the number of Tx beams, and the number of sub-time units NSTU relates to the number of Rx beams. So the beam sweeping procedures of Option 1 and Option 2 can be signaled with the configuration in Table 1 and Table 2 respectively.

Table 1: Signaling example for different beam sweeping procedures (Option 1)

	Procedure
	NTU (Tx)
	NSTU (Rx)

	P-1
	>1
	>1

	P-2
	>1
	=1

	P-3
	=1
	>1


Table 2: Signaling example for different beam sweeping procedures (Option 2)

	Procedure
	NTU (Rx)
	NSTU (Tx)

	P-1
	>1
	>1

	P-2
	=1
	>1

	P-3
	>1
	=1


Therefore, configuration for CSI-RS for beam management can include some of the following parameters:

· CSI-RS resource configuration: number of CSI-RS antenna ports (X=1 or 2), density

· QCL-related information

· Mapping option for CSI-RS for Tx and Rx beam sweeping
· Information related to number of time units NTU and number of sub-time units per time unit NSTU:

· Number of Tx beams NTx, i.e., NTU in Option 1 or NSTU in Option 2
· Number of Rx beams NRx, i.e., NSTU in Option 1 or NTU in Option 2
Proposal 3: 

Configuration for CSI-RS for beam management can include some of the following parameters:

· CSI-RS resource configuration: number of CSI-RS antenna ports (X=1 or 2), density
· QCL-related information
· Information related to number of time units NTU and number of sub-time units per time unit NSTU:

· Number of Tx beams NTx, i.e., NTU in Option 1 or NSTU in Option 2

· Number of Rx beams NRx, i.e., NSTU in Option 1 or NTU in Option 2

Proposal 4: 

· Beam sweeping procedure P-1, P-2, P-3 can be implicitly signaled with the CSI-RS configuration of the number of Tx beams and Rx beams.
2.2. CSI-RS density for beam management

The density of CSI-RS for beam management when X=1 or 2 taking from {1, 2, 3, 4, 6} [1]. We performed link-level simulation to evaluate the L1-RSRP measured by CSI-RS with different densities {1, 3, 6}. The baseline is the ideal L1-RSRP which is averaged across 50 PRBs with zero noise. The transmit power on one CSI-RS RE is keep identical for various densities, i.e., no power boosting is applied to CSI-RS. The CDFs of measured L1-RSRP differences from the baseline L1-RSRP are depicted in Figure 1. And the percentage of the correctly selected the best Tx beams are show in Table 1. Detailed simulation assumptions can be found in Annex.
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Figure 1: L1-RSRP differences from baseline

Table 1: Accuracy of the selected the 1st best Tx beams

	Accuracy
	CSI-RS D=1
	CSI-RS D=3
	CSI-RS D=6

	SNR = 0dB
	86.8%
	91.1%
	94.1%

	SNR = 10dB
	95.4%
	97.2%
	97.9%


From Figure 1, we can see that the measured L1-RSRP is mostly larger than the baseline L1-RSRP because of the non-ideal channel estimation. From the above results, we have following observations:

Observations:

· With increasing density, L1-RSRP measured by 1-port CSI-RS becomes accurate when no power boosting is applied.
· CSI-RS with density D=3 RE/RB/port achieves almost the same L1-RSRP as that of density D=6 RE/RB/port, but more accurate than that of D=1 RE/RB/port.
In order to determine the densities that can be applied to CSI-RS with X=1 or X=2, power boosting of CSI-RS with different densities should be studied.
Proposal 5: 

· Study and determine the power boosting of CSI-RS with different densities.
2.3. Discussion on multiplexing CSI-RS with other channels or signals

2.3.1. Multiplexing CSI-RS with SS blocks
In the last meeting, down selection between the two options whether CSI-RS can be multiplexed on SS block OFDM symbols:

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Option 1-2 provides flexibility and simplicity of CSI-RS configuration and transmission without considering whether SS block exists in the slot, so that a unified CSI-RS configuration can be achieved with this option. When CSI-RS happens to be transmitted on the SS block symbols, a solution to avoid the collision is to puncture all the CSI-RS RE in the PRBs occupied by SS blocks or shift the CSI-RS RE components in collision to the symbols after the SS block.
Proposal 6: 

· Option 1-2 is preferred, i.e., CSI-RS can be multiplexed on SS block symbol(s).
2.3.2. Multiplexing CSI-RS with PDCCH
As for the multiplexing between CSI-RS and PDCCH, the following options were also given:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot
First of all, CSI-RS multiplexed on PDCCH symbols would affect blind decoding of all UEs, and also cause different interference characteristics to PDCCH of neighboring cells. However, it is hard to avoid collision between CSI-RS and PDCCH of a mini-slot which can be happened at any time. In this case, CSI-RS need to be punctured. Secondly, the number OFDM symbols of CSI-RS N can be 1, 2, 4, while PDCCH of a normal slot may occupy 1 or 2 ODFM symbols. The puncture of CSI-RS may be very complicated to consider partial symbol overlapping. In our opinion, we prefer Option 2-1 at least for a slot to simply the standardization efforts and UE implementation.
Proposal 7: 

· Option 2-1 is preferred, i.e., CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot.
2.3.3. Multiplexing CSI-RS with DMRS
In our view, CSI-RS location should be configured to avoid collision with DMRS symbols at least for normal slot. If multiplexing between the two types of RS is supported, it is hard to design both frequency patterns for any different port numbers without collision. CSI-RS can be configured right after the front-loaded DMRS. Another issue is that there may not be enough power to satisfy the power boosting of both CSI-RS and DMRS. For a non-self-contained slot, if DMRS is configured with 2 symbols, CSI-RS location can be the 5th, 6th, 7th for a 7-symbol slot, the 5th  to 14th for a 14-symbol slot. Note that the 5th symbol is used for CSI-RS only if front-loaded DMRS starts from the 3rd symbol. If 1-symbol DMRS is configured, CSI-RS can also start from the 4th symbol. 
Proposal 8: 

· Collision between CSI-RS and DMRS should be avoided by configuration.
3. Conclusion

In this contribution, we discuss some details in CSI-RS design and configuration. We have following observations on CSI-RS density for X=1 and 2:
Observations:

· With increasing density, L1-RSRP measured by 1-port CSI-RS becomes accurate when no power boosting is applied.

· CSI-RS with density D=3 RE/RB/port achieves almost the same L1-RSRP as that of density D=6 RE/RB/port, but more accurate than that of D=1 RE/RB/port.
We also have following proposals:

Proposal 1:

Time unit and sub-time unit for beam management can be redefined as follows:

· X 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 X is 1 or 2
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· Port multiplexing method and CSI-RS sequence are identical to those of CSI-RS for CSI acquisition
· Each time unit can be partitioned into sub-time units
· Each sub-time unit is 1 OFDM symbol in a configured/reference numerology

· Partitioning method is TDM

Proposal 2: 

· Multiple CSI-RS resources can be configured in one OFDM symbol to support fast multi-TRP and multi-panel Tx beam sweeping.
Proposal 3: 

Configuration for CSI-RS for beam management can include some of the following parameters:

· CSI-RS resource configuration: number of CSI-RS antenna ports (X=1 or 2), density
· QCL-related information
· Information related to number of time units NTU and number of sub-time units per time unit NSTU:

· Number of Tx beams NTx, i.e., NTU in Option 1 or NSTU in Option 2

· Number of Rx beams NRx, i.e., NSTU in Option 1 or NTU in Option 2

Proposal 4: 

· Beam sweeping procedure P-1, P-2, P-3 can be implicitly signaled with the CSI-RS configuration of the number of Tx beams and Rx beams.
Proposal 5: 

· Study and determine the power boosting of CSI-RS with different densities.
Proposal 6: 

· Option 1-2 is preferred, i.e., CSI-RS can be multiplexed on SS block symbol(s).
Proposal 7: 

· Option 2-1 is preferred, i.e., CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot.
Proposal 8: 

· Collision between CSI-RS and DMRS should be avoided by configuration.
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Annex : Link-Level Simulation Assumptions
	Attributes
	Values

	Carrier frequency
	30GHz

	Subcarrier spacing
	60kHz

	Channel model
	CDL-A

· Delay spread 100ns

· UE speed = 3km/h
· The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain.

	CSI-RS bandwidth
	50 PRBs

	Number of CSI-RS ports
	X=1

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D sub-array partition model

	Beam directions for TRP
	Azimuth angle [-3*pi/8, -pi/8, pi/8, 3*pi/8]
Zenith angle  [pi/4, 3*pi/4]

	BS antenna configurations
	(M,N,P,Mg,Ng)=(2,4,2,1,1)

	UE antenna configurations
	(M,N,P,Mg,Ng)=(1,2,2,1,1)
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