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1 Introduction

In RAN1 NR Ad-Hoc#3, some agreements on CSI-RS were achieved [1] as follows:

Agreements#1:

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

Agreements#2:

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

Agreements#3:
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· 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 presents our views on the remaining details of CSI-RS for CSI acquisition and beam management, and it is revised from R1-1715488 with some updates, e.g. providing simulation results for CSI-RS port index mapping.
2 CSI-RS for CSI acquisition

2.1 CSI-RS port index mapping

According to agreements [2] in RAN1 NR ad-hoc#3, there are some candidates for assigning port index to CDM groups:
· Alt 1: Within a CDM group first, then across CDM groups (analogous to LTE)

· Alt-1-1: The order of CDM groups is across frequency first then time

· Alt-1-2: The order of CDM groups is across time first, then frequency

· Alt-1-3: The order of CDM groups is in the order of RRC signaling

· Note: port sharing is mainly considered for FD-CDM-2 and the applicable CSI-RS port numbers in NR.

· Alt 2: Across CDM groups first, then within CDM group

· Alt-2-1: The order of CDM groups is across frequency first then time

· Alt-2-2: The order of CDM groups is across time first, then frequency

· Alt-2-3: The order of CDM groups is in the order of RRC signaling

· FFS: Whether or not to support port sharing

These alternatives are based on the following 4 schemes: CDM-Frequency-time (CDM-F-T), CDM-Time-Frequency (CDM-T-F), Frequency-Time-CDM (F-T-CDM), Time-Frequency-CDM (T-F-CDM). We give system level simulation results for {16, 32} ports with FD-CDM2 in Table 1. In the simulation,  the metric is the ratio of correct PMI feedback  compared to the reference  PMI feedback with ideal estimated channel. The details of simulation assumption are listed in Appendix A.

Table 1: Correct PMI ratio of different schemes for assigning port numbers
	X ports
	Antenna array

(N1, N2)
	SCS
	Correct PMI ratio of different schemes (%)

	
	
	
	CDM-F-T
	CDM-T-F
	F-T-CDM
	T-F-CDM

	16 ports
	(8 ,1)
	60KHz
	97.62
	95.24
	95.24
	94.73

	
	
	120KHz
	90.79
	85.71
	88.10
	83.33

	
	(4 ,2)
	60KHz
	95.24
	91.48
	90.35
	91.24

	
	
	120KHz
	90.37
	88.10
	87.48
	85.32

	32 ports
	(16,1)
	60KHz
	91.06
	83.33
	78.57
	85.71

	
	
	120KHz
	80.19
	73.81
	71.43
	78.53

	
	(8,2)
	60KHz
	90.48
	88.10
	78.57
	84.12

	
	
	120KHz
	76.19
	78.57
	71.43
	71.43

	
	(4,4)
	60KHz
	85.71
	80.95
	78.57
	84.18

	
	
	120KHz
	76.19
	64.29
	59.52
	61.90


From the table, we can observe that the correct PMI ratio of the Scheme of CDM-F-T is the highest among all the 4 schemes in all situations. In addition, the correct PMI ratio for 16 ports is higher than that for 32 ports, the correct PMI ratio with 60 KHz SCS is higher than that with 120 kHz, and the antenna arrays have some impact on the metric. So we prefer the scheme of CDM-Frequency-time (CDM-F-T).
To support BF CSI-RS based port selection/combination, ports corresponding to the same beam should be in the same symbol.  It is also desirable to putting the same beam in the same CDM group.  Considering this, Scheme of F-T-CDM should be supported too.  

Proposal 1： The following mapping orders of CSI-RS ports 0 ~ N-1 should be supported: 
· CDM -> Frequency -> Time. 

· Frequency -> Time->CDM.

2.2 CSI-RS sequence generation

Considering limited time left in Rel-15, we should reuse length-31 Gold sequence of LTE.  From our contribution in NR Ad-Hoc#3 meeting[3], we identified two points to be adjusted, and gave corresponding schemes. One consideration is that NR should use the similar initialized value in LTE, with some limiting operation to avoid the value more than 231. Another one is that NR should avoid to use the same sequence value for all subcarriers in one PRB per OFDM symbol while keeping almost the same low complexity as in LTE. So we have such proposal as following.

Proposal 2: Reuse the length-31 Gold sequence of LTE for NR CSI-RS sequence generation

Proposal 3: The initialized value for CSI-RS should be 
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Proposal 4: The CSI-RS sequence can be generated by kronecker product between two Gold sequences, where the length of the first one is the maximal number of PRBs, and the second length is 12. For example,
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3 CSI-RS for beam management

3.1 CSI-RS configuration and related beam report

In last meeting, it has been agreed that a RRC parameter is configured in the resource set configuration to indicate repetition “ON/OFF” of the resources in the resource set. When repetition is ON, UE assumes the same Tx beam is used for the resources in the resource set, otherwise UE cannot assume a fixed beam for the resource set. Based on this agreement, P1/P2/P3 can be configured as follows.

-
Configuring P1: Multiple resource sets are configured. For each resource set, repetition is set to be “ON”. For example, the following information is configured.

Resource set 1 {Resource i1,1, ..., Resource i1,K1, Repetition “ON”}; ... ;

Resource set N {Resource iN,1, ..., Resource iN,KN, Repetition “ON”}
In each resource set, a fixed beam is used to facilitate UE side Rx beam sweeping. Tx beam sweeping is implemented across resource sets. Since gNB only needs to acquire Tx beam information, UE can just feedback resource set indices to gNB so that CRI overhead can be saved. Resources in each resource set are TDMed and they can be located in adjacent of non-adjacent OFDM symbols. Moreover, we can define repetition similarly to the definition of antenna port as a fixed beam is used over resources when repetition is “ON”. If repetition is “ON” for a given resource set, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set.

-
Configuring P2: One resource set is configured with repetition “OFF”. For example, the following information is configured.

Resource set  {Resource i1, ..., Resource iK, Repetition “OFF”}
Since UE cannot assume the same beam is used for the resources in the resource set, Tx beam sweeping is enabled to implement P2. In this resource set, UE measures and reports local CRI within the selected set to reduce CRI overhead.

-
Configuring P3: One resource set is configured with repetition “ON”. For example, the following information is configured.

Resource set  {Resource i1, ..., Resource iK, Repetition “ON”}
Since UE assumes the same beam is used for the resource set, UE side Rx beam sweeping can be implemented to achieve P3 procedure. Upon this configuration, UE does not report CSI-RS resource related information. Moreover, as the same Tx beam is used for this resource set, resources in this resource set should be TDMed.

Based on the above analysis, we have the following proposals.

Proposal 5: NR supports the following configurations for P1/P2/P3 beam management.

· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback

· One resource set is configured with repetition “OFF” (for P2)
· UE reports local CSI-RS resource indicator within this resource set for CRI feedback

· One resource set is configured with repetition “ON” (for P3)
· UE does not report CRI related information

· If repetition is set to be “ON”, CSI-RS resources in the resource set is TDMed

· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set
3.2 Multiplexing mode between CSI-RS and PDSCH

A gNB can use more than one TXRUs to transmit CSI-RS and PDSCH on one OFDM symbol when the beam of CSI-RS for beam management is different from the beam of PDSCH as shown in Figure3. Moreover, the beam of CSI-RS for beam management and the beam of PDSCH may be the same sometimes at least for the same UE. Thus CSI-RS for beam management and PDSCH can be multiplexed with FDM mode similar to CSI-RS for CSI acquisition. 

On the other hand if the beam of CSI-RS for beam management is different from the beam of PDSCH, CSI-RS for beam management and PDSCH can be TDMed considering following aspects: the number of TXRUs at gNB side, the number of TxRUs at UE side, the flexibility of scheduling and so on. For example, the number of TXRU at gNB side is one.   

Similarly, the beam of CSI-RS for CSI and the beam of PDSCH may be different. The multiplexing mode between CSI-RS for CSI and the PDSCH should be considered similarly. Whether CSI-RS and PDSCH can be FDMed impacts the configuration of rate matching parameters for CSI-RS. The rate matching parameters should include the indices of OFDM symbols with CSI-RS for beam management when the CSI-RS and the PDSCH are TDMed. The rate matching parameters also should include the CSI-RS resource configuration when the CSI-RS and the PDSCH are FDMed. CSI-RS resource pool including ZP CSI-RS resources and NZP CSI-RS resources can be configured via higher layer signaling, but it happens dynamically whether the beam of CSI-RS and the beam of PDSCH are same or not. Dynamic indication on the OFDM symbol indices with CSI-RS or ZP CSI-RS patterns is needed.
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Figure3: Using two TXRUs when the beam of beam management is different from the beam of PDSCH

Observation: CSI-RS for beam management and PDSCH can be multiplexed in FDM at least for the same UE.

Proposal 6: Multiplexing mode of CSI-RS and PDSCH should include both FDM and TDM, FFS the detail of rate matching. 

3.3 CSI-RS for DL-resource-limited slot

In NR, as the time-domain size of DL part in one self-contained slot can be dynamically changed on demand, there may not be enough resource for CSI-RS. For example, only one OFDM symbol is reserved for DL in one slot.  

Periodic/Semi-Persistent CSI-RS can be configured with a set of candidate slot offsets. Then CSI-RS is transmitted in the first slot with sufficient DL resource in this configured time window.

Proposal 7：Periodic/Semi-Persistent CSI-RS can be configured with a set of candidate slot offsets.
4 Conclusion

In this contribution, we discuss the details on the remaining issues of CSI-RS for CSI acquisition and for beam management respectively. We have the following views:

· CSI-RS for CSI acquisition: 

Proposal 1： The following mapping orders of CSI-RS ports 0 ~ N-1 should be supported: 
· CDM -> Frequency -> Time. 

· Frequency -> Time->CDM.

Proposal 2: Reuse the length-31 Gold sequence of LTE for NR CSI-RS sequence generation

Proposal 3: The initialized value for CSI-RS should be 
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Proposal 4: The CSI-RS sequence can be generated by kronecker product between two Gold sequences, where the length of the first one is the maximal number of PRBs, and the second length is 12 .For example,
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, where m is the RB index, n={0,1,2,..,11}is the subcarrier index..
· CSI-RS for beam management: 
Observation: CSI-RS for beam management and PDSCH can be multiplexed in FDM at least for the same UE.

Proposal 5: NR supports the following configurations for P1/P2/P3 beam management.

· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback

· One resource set is configured with repetition “OFF” (for P2)
· UE reports local CSI-RS resource indicator within this resource set for CRI feedback

· One resource set is configured with repetition “ON” (for P3)
· UE does not report CRI related information

· If repetition is set to be “ON”, CSI-RS resources in the resource set is TDMed

· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set
Proposal 6: Multiplexing mode of CSI-RS and PDSCH should include both FDM and TDM, FFS the detail of rate mating. 

Proposal 7：Periodic/Semi-Persistent CSI-RS can be configured with a set of candidate slot offsets.   
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6 Appendix
Appendix A 

Simulation assumption for schemes for assigning port numbers

	Scenarios
	Uma (5GCM, tr38.901)

	Carrier frequency 
	30GHz

	Simulation bandwidth
	DL 40MHz

	SCS
	60KHz,120KHz

	Sample Frequency
	4096·480·103 Hz

	Transmission scheme
	SU-MIMO rank 1

	Codebook
	NR type one, rank=1 for single pannel

	Max frequency offset
	50 ppb

	PN mode
	PN model 3 (R1-163984)

	PMI reporting frequency granularity
	6RB

	Schemes for assigning port numbers for CSI-RS
	CDM-F-T, CDM-T-F, F-T-CDM, T-F-CDM

	CDM type for CSI-RS
	FD-CDM2

	NB antenna configurations
	For 16 ports:

Configuration 1:(MTXRU, NTXRU, P) = (1, 8, 2)
(M,N,P,Mg,Ng)  = (8,32,2,1,1)

Configuration 2:(MTXRU, NTXRU, P) = (2, 4, 2)
(M,N,P,Mg,Ng)  = (16,16,2,1,1)

For 32 ports:

Configuration 1:(MTXRU, NTXRU, P) = (1, 16, 2)
(M,N,P,Mg,Ng)= (8,64,2,1,1)

Configuration 2:(MTXRU, NTXRU, P) = (2, 8, 2)
(M,N,P,Mg,Ng)= (16,32,2,1,1)

Configuration 3:(MTXRU, NTXRU, P) = (4, 4, 2)
(M,N,P,Mg,Ng)= (32,16,2,1,1)

	UE antenna configurations
	(Mg, Ng) = (1, 2);Θmg,ng=90;Ω0,1=Ω0,0+180;

 (dgH, dgV)=(0,0);

(M,N,P,)  = (2,4,2)

	Handover margin 
	3dB 

	Metric
	the ratio of correct PMI feedback  compared to the reference  PMI feedback with ideal estimated channel
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Appendix B
	Channel
	CDL-A

	Delay Spread
	100ns

	UE Speed
	3km/h

	subcarrier spacing
	60kHz

	FFtsize
	2048*4

	Channel Estimation
	Ideal

	Beams for sweeping
	DFT, Oversampling=1

	Density of CSI-RS pattern 

In Frequency domain
	X RE/PRB/Port

	Number of drop
	2000

	Beam Width
	Gnb: (M,N,P,Mg,Ng)=(4,8,0,1,1) 

UE: (M,N,P,Mg,Ng)=(2,4,0,1,1)
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