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1 Introduction

In RAN1#89, NR Ad-Hoc#2 and RAN1#90 meeting, some agreements on CSI-RS were achieved [1][2][3] as follows:

Agreements#1:

· For CDM pattern(s) per X port CSI-RS for CSI acquisition 

· For X=2 with CSI-RS RE pattern (M,N)=(2,1), 

· FFS support no CDM 

· Support FD-CDM2

· For X=4 with CSI-RS RE pattern (M,N)=(4,1)

· FSS support no CDM

· Support FD-CDM2

· FFS CDM4

· For X=4 with CSI-RS RE pattern (M,N)=(2,2)

· FFS support no CDM

· Support FD-CDM2

· FFS support TD-CDM2

· FFS CDM4

Agreements#2:

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

	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)


Agreements#3:

· Support following CSI-RS RE patterns for CSI acquisition.

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

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 


· TD4 in CDM8 in the above table always spans 4 adjacent symbols

· FFS until next meeting whether or not components are allowed to be non-adjacent in frequency
Agreements#4:

· 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.
This contribution presents our views on the remaining details of CSI-RS for CSI acquisition and beam management.
2 CSI-RS for CSI acquisition

2.1 CSI-RS RE pattern for 4 ports

For CSI-RS RE pattern design, beside patterns listed in Agreements#3 of section 1 which were  agreed in RAN1#90, CSI-RS 4 port pattern with 2 symbols and component (Y,Z) = (2,2) was also agreed as described in Agreements#1 and Agreements#2,  Moreover, the LS including this pattern had been sent to RAN4 after NR ad-hoc#2 meeting. 

To combine all the agreements into one, the list of CSI-RS patterns should be shown as the following table.
Observation 1: CSI-RS RE patterns should be shown as the following table to list all the agreements.
	X
	Density [RE/RB/port]
	N
	(Y, Z)
	CDM

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	4
	1
	2
	(2,2)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 


2.2 CSI-RS port index mapping
According to the agreed codebook [4], the vector in precoding  matrix is constructed by 2D-DFT beam and  a cross-pol co-phasing. The procedure of selecting precoding vector is selection of 1st dimension beam, selection of 2nd dimension beam, and the cross-pol co-phasing. The 1st domain phase-granularity between two adjacent beams is 
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 , the 2nd  domain phase-granularity is 
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, and the 3rd domain phase-granularity between two codewords of W2 is 
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.Because the 1st or 2nd domain phase-granularity is very small, CSI-RS ports with same polarization should be mapped on REs with similar channel characteristic for accurate beam selection. So these ports can be mapped on CDM group first, on frequency second and time domain lastly. 

Specifically, all CDM groups can be ordered in frequency first and time domain second as shown in the left one of Figure 1. And then, CSI-RS port 0~ N-1 can be mapped on CDM groups first, on frequency domain second, and time domain third. The 16 CSI-RS port index mapping can be founded in Figure 1.
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Fig 1: Port numbering with CDM2 for 16 ports

Proposal 1：The mapping order of CSI-RS port 0 ~ N-1 should be CDM -> Frequency -> Time. 
2.3 CSI-RS sequence generation

Initialization Value 

In LTE, CSI-RS sequence is generated from pseudo-random sequence
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 < 231. For CSI-RS sequence generation, the pseudo-random sequence generator is initialized with 
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Considering limited time left in Rel-15, we propose to reuse length-31 Gold sequence of LTE. 

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

In NR, as a slot is with 14 symbols and max value of 
[image: image9.wmf])

2

(

CP

CSI

ID

N

N

+

×

 is little smaller than 211, the sequence generation should be modified as 
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Considering larger bandwidth and possibly larger subcarrier spacing, e.g. for 120 kHz SCS there are 80 slots per frame, and 14 OFDM symbols per slot, the  max value of  
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 in NR will be larger than 231 . There are two candidate solutions for the issue of 
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Scheme 1: Modify 
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Scheme 2: Modify 
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 ,and the initialization sequence is achieved according to  
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, where 20 is the number of slots in one LTE frame.

The two schemes are easily realized. With Scheme 1, two 
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 with different values of  231 may generate the same value of
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after operation by mod, which will lead to the same pseudo-random sequence. Fortunately, the possibility of generating same 
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With Scheme 2, NR CSI-RS sequence can achieve the same performance as LTE. So we prefer Scheme 2.
Proposal 3: Initialization value 
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 for CSI-RS sequence generation in NR should use the similar method in LTE with modification as 
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CSI-RS sequence generation
In LTE CSI-RS sequence is defined by
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where only one value is generation per  RB per OFDM symbol. Since FD-CDM should be used in NR, using the same value for all subcarriers in one PRB is not suitable anymore. One possible way is to generate 12 random values in one PRB. However, this will lead to very long sequence as 


[image: image28.wmf](

)

(

)

1

12

,...,

1

,

0

     

,

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

DL

max,

RB

,

s

-

=

+

×

-

+

×

-

=

N

m

m

c

j

m

c

m

r

n

l


It will increase the complexity and buffer size of UE. To mitigate the complexity, the final CSI-RS sequence can be generated by kronecker product between legacy LTE sequence and one short sequence with length 12. i.e.
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, where m is the RB index, n={0,1,2,..,11}is the subcarrier index.

With this scheme, the maximum length of Gold sequence will keep the same with the maximum number of PRBs.

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 .

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. 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 also 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 high layer signal, 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 2 : CSI-RS for beam management and PDSCH can be multiplexed in FDM..

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.  Also, some urgent traffic e.g. URLLC traffic may pre-empt and puncture the transmission of CSI-RS especially for the case of beam management occupying the entire slot. This is a critical issue for periodic and semi-persistent CSI-RS in NR, for which CSI-RS resource is reserved through RRC.  Several potential solutions can be identified as follows.

Solution 1: 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.

Solution 2: For URLLC pre-emption, disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission or measurement of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  

Proposal 7：NR should consider the following solutions to the issue of CSI-RS in DL-resource-limited slot.

· Solution 1: CSI-RS can be configured with a set of candidate slot offsets.
· Solution 2: For URLLC pre-emption, disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission or measurement of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
3.4 Bandwidth of CSI-RS for beam management

In this section, we investigate the impact of beam selection with different bandwidth of CSI-RS and with different CCs.  The simulation under CDL-A channel model is conducted to investigate experienced channel properties for four adjacent CCs. Total 2000 UEs are dropped within this simulation and detailed simulation configurations can be found in Appendix.  For each UE, the best Tx-Rx beam pair is selected according to calculated RSRP per CC. As shown in Figure 4, for some UEs, due to frequency selectivity, both the selected Tx and Rx beams are varying per CC. The statistical results listed in Table 4 show that different beam pairs are selected by different bandwidths of CSI-RS used for beam pair selection.  More than 20% UE selects different subband beam compared to WB beam.  Frequency selectivity is observed and it is not desirable to only consider beam selection by wideband RSRP only.  

Table 5 shows different beam pairs are selected by different CC with each CC for more than 20% UEs. It demonstrates that it is hard for the network to determine whether the ports across two CCs can be QCL’ed, even only w.r.t spatial Rx parameters. With UE feedback, accurate QCL relationship can be established which is beneficial to beam-based transmission and reception for each CC. Meanwhile, the complexity and overhead for CSI feedback and channel tracking can also be reduced.

Table 4: Comparison of selected beam pair for different bandwidths used for beam pair selection
	
Bandwidth used for beam pair selection
	Same beam pair as WB beam selection (168RB)
	Different from WB beam selection (168RB)

	40 PRB
	83.14%
	16.86%

	10 PRB
	76.86%
	23.14%

	5 PRB
	76.29%
	23.71%
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Figure 4 Illustration of beam selection for four CCs
Table 5: Comparison of selected beam pair for different CCs used for beam pair selection (each CC has 138PRB~=100MHz)
	CC Index
	Same beam pair as the 1st CC
	Different with the 1st CC

	2nd CC
	71.70%
	28.30%

	3rd CC
	78.65%
	21.35%

	4th CC
	77.90%
	22.10%


Observation 3: A good portion of UEs select different best beam pair on partial bandwidth compared to the best beam pair of wideband.
Observation 4: A good portion of UEs select different best beam pair on a CC compared to the best beam pair of adjacent CCs. It is hard for the network to determine whether CSI-RS resources across two CCs can be QCL’ed.

Based on the observations, we have the following proposals:

Proposal 8:  NR supports configuration of partial band CSI-RS for beam management and allows UE beam selection/grouping based on partial band or subband RSRP. 

Proposal 9:  UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback. Beam reporting across CC can be considered as a form of this feedback.    
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: 

Observation 1: CSI-RS RE patterns should be shown as the following table to list all the agreements.
	X
	Density [RE/RB/port]
	N
	(Y, Z)
	CDM

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	4
	1
	2
	(2,2)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 


Proposal 1：The mapping order of CSI-RS port 0 ~ N-1 should be CDM -> Frequency -> Time. 
Proposal 2: Reuse the length-31 Gold sequence of LTE for NR CSI-RS sequence generation.
Proposal 3: Initialization value 
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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 .
· CSI-RS for beam management: 
Observation 2 :  NR should support CSI-RS for beam management and PDSCH can be multiplex with FDM mode.

Observation 3: A good portion of UEs select different best beam pair on partial bandwidth compared to the best beam pair of wideband.
Observation 4: A good portion of UEs select different best beam pair on a CC compared to the best beam pair of adjacent CCs. It is hard for the network to determine whether CSI-RS resources across two CCs can be QCL’ed.

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

Proposal 7：NR should consider the following solutions to the issue of CSI-RS in DL-resource-limited slot.

· Solution 1: CSI-RS can be configured with a set of candidate slot offsets.
· Solution 2: For URLLC pre-emption, disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission or measurement of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
Proposal 8:  NR supports configuration of partial band CSI-RS for beam management and allows UE beam selection/grouping based on partial band or subband RSRP. 

Proposal 9:  UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback. Beam reporting across CC can be considered as a form of this feedback.    
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