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1. Introduction
In RAN1 NR #90bis meeting [1], the following agreements on CSI-RS were achieved:
	· Agreement:
· The starting subcarrier of a CSI-RS component RE pattern

· For 1 port CSI-RS, there is no restriction

· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)

· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

· At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.

· FFS: Other OFDM symbols 

· Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)

· FFS: Whether the value of X is same or different for beam management and CSI acquisition

· FFS: The value of X may or may not be numerology-dependent

· NR supports the following CSI-RS transmission periodicities 

· {5, 10, 20, 40, 80, 160, 320, 640} slots

· FFS: Restriction on periodicity as a function of subcarrier spacing

· Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.

· For each of the following RSs, c_init used for sequence generation will at least depend on UE specifically configured scrambling ID by RRC configuration

· DL: DMRS, CSI-RS resource

· FFS: Support of multiple IDs for DMRS

· UL: DMRS(for CP-OFDM), PTRS(for DFT-s-OFDM)




In this contribution, we provide some details of CSI-RS remaining issues. This contribution is revised from R1-1717476.
2. Remaining issues for CSI-RS
2.1. CSI-RS pattern 

Based on RAN1 #90 meeting’s agreement, NR should support 8-port CSI-RS with (Y, Z) = (2, 2). Because 4-port CSI-RS with (Y, Z) = (2, 2) can be reused for 8-port CSI-RS, it is straightforward to agree on 4-port CSI-RS with the same configuration of (Y, Z) as 8-port CSI-RS. Additionally, a total of 6dB gain can be achieved for any of CDM types, as a consequence, full power utilization can be achieved for 4-port CSI-RS. Similar with X=2, NR should also support 4-port CSI-RS with (Y, Z) = (2, 2) component CSI-RS RE pattern by flexible configuration to avoid collision and multiplex with other signals. 

Proposal 1: 

· For CSI-RS port X = 4, NR should support CSI-RS pattern of (Y, Z) = (2, 2). 
In the previous meeting, NR supports at least {1,2,3,6,7,8,9,10,11,13,14}-th OFDM symbol for CSI-RS time domain positioning, and also, for 1-symbol CSI-RS, it was agreed that there was no restriction for mapping the starting subcarrier of a CSI-RS component RE pattern. Hence, there are sufficient configuration possibilities for 1-symbol CSI-RS. For 4-symbol CSI-RS pattern, NR should support more time domain configuration possibilities as we proposed in the section 4.4 so that it will provide more sufficient configuration possibilities. Besides, if non-uniform mapping of component patterns is applied on CSI-RS, it will bring more signaling overhead of indication CSI-RS position than that of uniform mapping. And, in order to reduce the complexity of CSI-RS configuration, we propose that NR should not support non-uniform mapping for CSI-RS.

Proposal 2: 

· NR should not support non-uniform mapping of component CSI-RS RE patterns.
2.2. CSI-RS density 

The density of CSI-RS for beam management when X=1 or 2 can be taken from {1, 2, 3, 4, 6} [2]. 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 kept 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 shown in Table 1. Detailed simulation assumptions can be found in Annex.

[image: image1.emf]-5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

L1-RSRP difference (dB)

CDF

 

 

CSI-RS D=1 1st

CSI-RS D=3 1st

CSI-RS D=6 1st

CSI-RS D=1 2nd

CSI-RS D=3 2nd

CSI-RS D=6 2nd

CSI-RS D=1 3rd

CSI-RS D=3 3rd

CSI-RS D=6 3rd

[image: image2.emf]-5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

L1-RSRP difference (dB)

CDF

 

 

CSI-RS D=1 1st

CSI-RS D=3 1st

CSI-RS D=6 1st

CSI-RS D=1 2nd

CSI-RS D=3 2nd

CSI-RS D=6 2nd

CSI-RS D=1 3rd

CSI-RS D=3 3rd

CSI-RS D=6 3rd


a) SNR = 0 dB                                                               b) SNR = 10 dB

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 existence of noise power. From the above results, we have following observations:

Observations:

· With increasing density, L1-RSRP measured by 1-port CSI-RS becomes more accurate.

· 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.

Therefore, we propose that NR should support CSI-RS density no more than 3 RE/RB/port for beam management when x = 1. Besides, It has been agreed that NR supports CSI-RS density D >1 with X = 1 for both CSI acquisition and beam management. Currently there is no clear and unified understanding on whether the CSI-RS for beam management and CSI acquisition would be differentiated from specification perspective or not. We suggest all the configuration options (including CSI-RS density) to be on table and up to network implementation to choose the exact density for the application. Thus, similar with CSI-RS for beam management, NR should support CSI-RS density no more than 3 RE/RB/port for CSI acquisition when X = 1. Hence, we propose,
Proposal 3:

· NR should support CSI-RS density no more than 3 RE/RB/port for both CSI acquisition and beam management when x = 1.
2.3. CSI-RS port configuration

The CSI-RS port configuration in LTE acts as a baseline in NR standardization. In LTE, the number of antenna port configured for NZP CSI-RS resource is always equal to the number of antenna ports for CSI acquisition, which means that all antenna ports configured for NZP CSI-RS resource are served as the same functionality at that moment. If not only CSI-RS acquisition but also other functionalities are achieved in a single CSI-RS resource, the indication overhead and UE processing complexity should be considered in this case. To simplify the specification effort and make the signaling clear, if there is no clear use case, we prefer NR should keep the same as LTE.

Proposal 4:

· The number of antenna ports configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE).

Based on the agreements of Type I codebook generation [3], the generated codebook is constructed by selected 2D-DFT beams and co-phasing coefficients for the two polarizations. When X >= 8, it is impossible to map all CSI-RS ports in a CDMed group because the number of CSI-RS ports are greater than the number of CSI-RS ports within a CDMed group. Therefore, CSI-RS port ordering criteria would affect the accuracy of CSI acquisition to some extent. First of all, relative channel phase difference between two CDMed groups, caused by either frequency selectivity or time variation, has more impact on co-phasing coefficient determination than DFT beam selection, as the co-phasing coefficients reflecting the phase difference between the two polarizations is more sensitive to the channel phase variation than DFT beams. Besides, mapping the CSI-RS ports for different polarizations within a CDMed group is beneficial to port sharing. On the other hand, firstly ordering the CSI-RS ports in frequency domain would relieve the impact of phase noise between different OFDM symbols in high frequency. Then, in order to provide channel estimation robustness and easy extension, we prefer that the ordering of CDM groups is across frequency first then time. 

Therefore, we propose,

Proposal 5:

· Ordering of CSI-RS ports for different polarization is within a CDM group.

· Ordering of CDM groups is across frequency first then time.

· Support RE sharing between CSI-RS of different number of ports.
2.4. CSI-RS configuration parameters
According to the RAN1 #90bis meeting, NR should support at least periodicities of {5, 10, 20, 40, 80,160,320,640} slots for CSI-RS transmission. For the scenario of large subcarrier spacing, i.e. 60 kHz and 120 KHz, 5 slots of CSI-RS transmission periodicity represents approximately 1.1ms and 0.5ms for 60 kHz and 120 kHz SCS, respectively. The time interval between each two periodic CSI-RS seems too short. Thus, we propose that 5 slots of periodicity for CSI-RS should be restricted for large subcarrier spacing as well as 10 slots period. When applying large slots periodicity scenario for CSI-RS, the performance of CSI-RS related functionalities may quickly deteriorate in a fast fading wireless environment. However, for a stabilized channel, network can configure large periodic slots for saving resources. Hence, based on network implementation, large periodic slots is no need to restrict. 
The value of CSI-RS periodicity is indicated by RRC parameter, it’s no need to restrict offset for saving tiny signaling overhead. And, in order to achieve configuration flexibility, we propose that NR should support full offset value range for CSI-RS periodicity.
Proposal 6:

· The periodicity of {5, 10} slots should be restricted when 60 kHz and 120 kHz SCS applying for CSI-RS transmission.
Proposal 7:

· For CSI-RS periodicity P, NR should support offset value range from 0 to P-1.
Based on the agreement of CSI-RS pattern, ½ density is present in NR which means that CSI-RS should be mapped in one out of two RBs. In this situation, NR should introduce a parameter of CSI-RS RB offset to indicate the CSI-RS mapping RB.
Proposal 8:

· NR should support RB offset for CSI-RS positioning at density <1. 
In consideration of channel estimation accuracy, NR support CSI-RS spans contiguous RBs in the granularity of N RBs. Besides, it was agreed in RAN1 #90bis meeting that there has a mapping table between carrier bandwidth part and subband size. A UE will report the configured subband size on the grounds of active bandwidth part. Thus, N can be implicit indication by subband size of CSI reporting.
Proposal 9:

· The contiguous RBs in the granularity of N can be equal to the subband size of CSI reporting.
2.5 CSI-RS location and indication
The location of CSI-RS will impact its functionality. The front-loaded CSI-RS can speed up CSI acquisition especially for a self-contained slot, while the end-loaded CSI-RS allows more processing time for decoding the control signaling carrying the CSI-RS transmission information and supports fresh CSI feedback. Besides, it is reasonable to support a large number of OFDM symbols within a slot by considering providing sufficient resources for beam management. Meanwhile, from the RAN1 #91bis meeting agreement, it was agreed that the {1,2,3,6,7,8,9,10,11,13,14}-th OFDM symbol can be mapped by CSI-RS resources. Hence, in our view, it is desirable to support the remaining OFDM symbols for CSI-RS mapping. i.e. {4, 5, 12}.
Proposal 10:

· There is no restriction for mapping CSI-RS OFDM symbol within a slot.
For time domain positioning, if bitmap is applied for indicating CSI-RS component RE pattern, the signaling overhead will be 14 bits per CSI-RS resource under the condition of no restriction for CSI-RS OFDM symbol mapping. If multi-resources for CSI-RS are configured, the signaling overhead is unacceptable. Hence, we propose that bitmap should not be used for indicating CSI-RS component RE pattern in time domain. In our view, we suggest that NR should apply a coding indicating method which only costs 4 bits per CSI-RS resource for 1-symbol and two symbol CSI-RS RE component pattern as well as 4-symbol CSI-RS RE pattern with consecutive component pairs. For non-consecutive pairs of 4-symbol CSI-RS RE pattern, an 8-bit coding indication method can be applied. Thus, we propose,

Proposal 11:

· NR should support a coding indicating method for indicating CSI-RS component RE pattern in time domain.
In RAN1 #90 meeting, it was agreed to support following CSI-RS patterns for CSI acquisition as below.
Table 2: CSI-RS 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) 


From the table 2, on account of achieving flexible CSI-RS resource RE pattern, small CSI-RS component sizes, i.e. (1, 1), (2, 1), (4, 1) and (2, 2), small CSI-RS component sizes, were agreed in NR. And applying small component sizes will increase indication overhead of the gNB and processing complexity of UE due to various combinations in frequency domain. Thus, the goal for CSI-RS is to support enough flexibility in the RE patterns with reasonable processing complexity. As agreed in NR, CSI-RS components are allowed to be non-adjacent in frequency while CSI-RS RE resource should be adjacent within one component both in time and frequency domain. Besides, although NR may apply joint encoding to indicate CSI-RS subcarrier position, the saved overhead for indication cannot compensate for the UE decoding complexity. Therefore, agreed in the previous meeting, for the sake of supporting enough flexibility with low complexity, there is no restriction for indicating the starting subcarrier of a 1-port CSI-RS component RE pattern, while it is constrained to be one among even subcarriers and subcarriers 0, 4, 8 in the given PRBs for Y=2 and Y =4 respectively.  We propose that different methods of subcarrier restriction with bitmap are applied to CSI-RS RE mapping for the three Y values.
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Figure 2: An illustration of RE mapping for X = 8, N =2 CSI-RS resource with bitmap
The above Figure is an instance of RE mapping for CSI-RS pattern of X=8, N =2 by applying even subcarrier mapping with bitmap. Thus, a cost of only 6 bits indication is required meanwhile sufficient flexibility is achieved in the CSI-RS resource configuration. On account of 1 port CSI-RS user case which needs much resources for beam management, there is no restriction in subcarrier mapping. However, for keeping same mapping regulation and configuration flexibility, a 12 bit-length bitmap can be used in 1 port CSI-RS component RE pattern.
Proposal 12:

· NR should support bitmap to indicate frequency domain positions for all CSI-RS component RE pattern. 
2.6 CSI-RS sequence 

It was agreed that the number of cell ID in NR is twice than that of in LTE, i.e. 1008. Thus, the number of bits should be larger than log2 (1008), which means that the bit-width for scrambling ID should be equal to 10 bits at least. Besides, in consideration of supporting multi-TRPS/beams within cells, the bit-width of the scrambling ID should be equal to 16 bits for increasing CSI-RS configuration flexibility, which can also support multiple possibilities in the future.
Proposal 13:

· NR should support 16 bits bit-width for scrambling ID.
3. Conclusion

In this contribution, we discuss some details in CSI-RS design and multiplexing. We have following observations and proposals:

Observations:

· With increasing density, L1-RSRP measured by 1-port CSI-RS becomes more accurate.

· 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.
Proposal 1: 

· For CSI-RS port X = 4, NR should support CSI-RS pattern of (Y, Z) = (2, 2). 
Proposal 2: 

· NR should not support non-uniform mapping of component CSI-RS RE patterns.

Proposal 3:

· NR should support CSI-RS density no more than 3 RE/RB/port for both CSI acquisition and beam management when x = 1.
Proposal 4:

· The number of antenna ports configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE).

Proposal 5:

· Ordering of CSI-RS ports for different polarization is within a CDM group.

· Ordering of CDM groups is across frequency first then time.

· Support RE sharing between CSI-RS of different number of ports.
Proposal 6:

· The periodicity of {5, 10} slots should be restricted in 60 kHz and 120 kHz SCS for CSI-RS transmission.
Proposal 7:

· For CSI-RS periodicity P, NR should support offset value range from 0 to P-1.
Proposal 8:

· NR should support RB offset for CSI-RS positioning at density <1. 
Proposal 9:

· The contiguous RBs in the granularity of N can be equal to the subband size of CSI reporting.
Proposal 10:

· There is no restriction for mapping CSI-RS OFDM symbol within a slot.
Proposal 11:

· NR should support a coding indicating method for indicating CSI-RS component RE pattern in time domain.
Proposal 12:

· NR should support bitmap to indicate frequency domain positions for all CSI-RS component RE pattern. 

Proposal 13:

· NR should support 16 bits bit-width for scrambling ID.
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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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