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1. Introduction

This paper provides the link level simulation assumptions for CSI-RS RSRP measurements in NR.
2. Discussion
2.1. RAN1 progress on CSI-RS for beam management
In the last meeting, RAN1had a LS [1] to RAN4 that the progress on CSI-RS are presented.

	Agreements:
· 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

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS
Agreements:

· Support for CSI-RS sequence design:

· (Working assumption) PN sequence at least for CSI-RS for CSI acquisition
· UE specifically configured CSI-RS sequence seed

· FFS, sequence design, e.g. PN sequence, ZC sequence, M sequence, etc., for other use cases such as beam management and fine time/frequency tracking
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

· 
[image: image1.emf]X Density [RE/RB/port] N (Y,2) CDM 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 1,172 4 (2,2) FD-CDM2, CDM4(FD2,TD2) | FFS, CDMS details










X  Density [RE/RB/port]  N  (Y,Z)  CDM  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)  FFS, CDM8 details 

 


· 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:

· Confirm the WA with the following revision

· Support PN sequence for CSI-RS for CSI acquisition and beam management

· FFS detailed sequence generation and initialization methods

· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.

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”

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:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present
Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default

· Note: default assumption may be no QCL

· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling

· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters



Since RAN1 asks RAN4 to check The Values of D for 1-port and 2-port CSI-RS resources, respectively, RAN4 needs to evaluate the measurement performance of CSI-RS, which is used for beam management, before concluding the values of D. As can be seen in RAN1 agreements above, besides the values of D, so far there are also other aspects related to physical layer design of CSI-RS used for beam management are still under discussion, e.g. values of N (number of OFDM symbols in a CSI-RS resource), whether these OFDM symbols are adjacent or not, as well as the sequence. Nevertheless, RAN1 is expected to progress in this meeting. And RAN4 can update the simulation assumption accordingly and carry out simulation to evaluate measurement performance of CSI-RS used for beam management. A tentative simulation assumption is provided in following section.
2.2. Simulation assumptions for CSI-RS RSRP
Table 1: Parameters for CSI-RS RSRP measurement
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	DRX
	No
	No

	BS Antenna port
	1 port; 2 port
	1 port; 2 port

	UE receive antennas
	Case A Note2: 2  rx and 4 rx (uncorrelated with equal gain, no rx beamforming);

Case B: 2 rx and 4 rx with rx beamforming Note1
	Case A Note2: 2 rx and 4 rx (uncorrelated with equal gain, no rx beamforming);

Case B: 2 rx and 4 rx with rx beamforming Note1

	Numerology
	as the PDSCH of the UE if PDSCH is present
	as the PDSCH of the UE if PDSCH is present

	numbers of OFDM symbols per slot
	{1, 2, 4}
	{1, 2, 4}

	CSI-RS RE number /RB/port within a OFDM symbol
	{1, 2, 3, 4, 6}
	{1, 2, 3, 4, 6}

	Measurement bandwidth Note2
	6RBs
	6RBs

	L1 measurement period
	80ms, 160ms, 200ms, 320ms, 400ms; Other measurement period is not excluded.

	CP length
	Normal

	Es/Iot
	-8 dB … 3 dB

	Measurement sampling rate
	40ms as baseline

	L3 filtering
	Disabled

	Transmit antenna
	1

	Receive antennas
	2

	Propagation conditions
	AWGN, EPA5, ETU30, ETU70, 
CDL-A/B/C/D, TDL-A/B/C/D

	NOTE1: For Case B, companies are encouraged to state their assumptions on beamforming and rx antenna configuration together with the provided simulation results

NOTE2: Other  measurement bandwidth for beam management may also be studied if needed


2.3. Methodology to derive CSI-RS RSRP accuracy 
In LTE, the measurement accuracies of CSI-RS RSRP are derived from the CDF curves (including the 95% and 5% CDF points) of Delta RSRP which is defined as follows:
Delta RSRP = Measured RSRP – Ideal RSRP.

Measured RSRP is defined as the true value assuming real channel estimation.
Ideal RSRP is defined as the true value assuming perfect channel estimation using the same sampling rate and sampling occasions as used in the measured RSRP evaluation.

The methodology of Delta RSRP can be used as baseline for investigating CSI-RS RSRP measurement accuracy in NR.
3. Conclusion
In this paper, we provided the simulation assumptions of CSI-RS RSRP measurement. We suggest the simulation assumption shall be agreed in order to carry out the performance evaluation work of CSI-RS measurement.
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