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1. Introduction
In RAN1#89, some agreements on CSI-RS for CSI acquisition were achieved [1], which are listed as following:

Agreements:

· At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
·   For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
· At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 

· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource

Agreements:

· Support at least OCC as one type of CDM sequence 

· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences

· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32 

· FFS:  Support for other pairings of CDM value and number of ports X 

· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB

· FFS: Support for D > 1 for other values of X

· Note: For X = 1, CDM code value(s) assumed to be 1
Agreements:

· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports,

· For N=1 OFDM symbol, support X=8, 12 ports

· For N=2 OFDM symbols, support X= 8, 12, 16ports

· FFS the case of X=24

· For N=4 OFDM symbols, support at least X=32 ports

· FFS the case of X=8/16/24

Agreements:

· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports, at least the following option is supported:

· For N=1 OFDM symbol, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· For N=2 OFDM symbols, support [2 or 4 ] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· For N=4 OFDM symbols, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· FFS whether or not to support other options such as CDM CSI-RS antenna ports on a RE level comb based on phase rotation [cyclic shifts/sequences] including D=1 and D≠1
Agreements:

· 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
This contribution presents our views on the details of CSI-RS for CSI acquisition.
2. The RE pattern for X-port CSI-RS
Large RE granularity can simplify the complexity of signaling and reduce the number of components in aggregation of X-port RE pattern. Therefore, the minimum number of adjacent REs in frequency domain can be 4 in the cases of {8 ports in one symbol, 8 ports in two symbols, 16 ports in two symbols, 16 ports in four symbols, 32 ports in four symbols}, that is because the number of REs per OFDM symbol per PRB for CSI-RS can be integral times of 4. While the minimum number of adjacent REs in frequency domain can be 2 in the cases of {8 ports in four symbols, 12 ports in two symbols}, that is because the number of adjacent REs per OFDM per PRB isn’t integral times of 4. Since the case of {12 ports in one symbol} is special where all REs in one OFDM in one PRB are used for the CSI-RS RE pattern, it is straightforward that the minimum number of adjacent REs is 12 in frequency domain. 
The motivation of the cases of {8 or 16 ports in four symbols} is for beam selection/combination of 4 candidate analog beams using the agreed BF CSI-RS codebook [3]. . {8 ports in four symbols} can be aggregated by two (Y,Z)=(2,2) in different pairs of OFDM symbols while {16 ports in four symbols} can be aggregated by two (Y,Z)=(4,2) in different pairs of OFDM symbols. 
The RE patterns above for X-port CSI-RS are summarized in Table 1.
Table 1: The RE pattern for x-port with N OFDM symbols

	
	N=1
	N=2
	N=4

	x=2
	Aggregation by (Y,Z)=(2,1)
	
	

	x=4
	Aggregation by (Y,Z)=(4,1)
	Aggregation by (Y,Z)=(2,2)
	

	x=8
	Aggregation by two (Y,Z)=(4,1)
	Aggregation by (Y,Z)=(4,2)
	Aggregation by two (Y,Z)=(2,2) in different pairs of OFDM symbols

	x=12
	Aggregation by three  (Y,Z)=(4,1) or one (Y,Z)=(12,1)
	Aggregation by three (Y,Z)=(2,2)
	

	x=16
	
	Aggregation by two (Y,Z)=(4,2) in same pair OFDM symbols
	Aggregation by two (Y,Z)=(4,2) in different pairs of OFDM symbols

	x=32
	
	
	Aggregation by four (Y,Z)=(4,2) in different pairs of OFDM symbols


Proposal 1:  For N=4 OFDM symbols, support X=8, 16 ports.
Proposal 2: Support 4 as the minimum number of adjacent REs in frequency domain in the cases of {8 ports in one symbol, 8 ports in two symbols, 16 ports in two symbols, 16 ports in four symbols, 32 ports in four symbols}, 2 as the minimum number of adjacent REs in frequency domain in the cases of {8 ports in four symbols, 12 ports in two symbols}
3. CDM RE pattern 
As we know, the motivation of introduction of CDM is to achieve full power utilization. In high frequency, only FD-CDM and power boosting can be used, other than TD-CDM, because of phase noise in high frequency. Under the 6dB power boosting limitation, FD-CDM2 is enough to achieve full power utilization in the case that the number of CSI-RS REs is 8 or less in one PRB, while it is not enough in the case that the number of CSI-RS REs is more than 8, such as the case of {12 ports in one symbol }. 
In low frequency bands, TD-CDM combined with FD-CDM can be used to achieve further power boosting gain which has been verified in LTE. 
The candidate CDM RE patterns for X-port are summarized in Table 2.
Table 2: The candidate CDM RE patterns for x-port with N OFDM symbols

	
	N=1
	N=2
	N=4

	x=2
	{ FD-CDM2}
	
	

	x=4
	{ FD-CDM2}
	{ FD-CDM2, FD-TD-CDM4}
	

	x=8
	{ FD-CDM2}
	{ FD-CDM2, FD-TD-CDM4 }
	{ FD-CDM2, TD-CDM4 }

	x=12
	{ FD-CDM2,FD-CDM4}
	{ FD-CDM2, FD-TD-CDM4}
	

	x=16
	
	{ FD-CDM2, FD-TD-CDM4}
	{ FD-CDM2 , TD-CDM4, }

	x=32
	
	
	{ FD-CDM2, FD-TD-CDM8}


Proposal 3: NR should support FD-CDM4, TD-CDM and FD-TD-CDM for CSI-RS to get full power utilization..
4. CSI-RS sequence generation
NR CSI-RS sequence generation should use the similar method as LTE to save standardization effort. 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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According to the method, the max value of  
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 in NR will be more than 231. As NR support variable SCS up to 120 kHz. With SCS equal to 120 kHz used, there are 80 slots per frame, and 14 OFDM symbols per slot. The max value of 
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come from Cell ID to randomize CSI-RS interference from difference cells.  For sake of 14 OFDM symbols per slot, 
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  should be modified as
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So the detail calculation for max value of 
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 can be listed in Table 3.
Table 3: detail calculation for max value of 
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There are two candidate solutions for the issue of 
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> 231 for discussion.
Scheme 1: Modify 
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Scheme 2: Modify 
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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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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 a little more.
Proposal 4: NR CSI-RS sequence generation should use the similar method in LTE with modification to generate 
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5. Conclusion
In this contribution, we discuss the details on the RE patterns of X-port CSI-RS, CDM RE patterns for CSI acquisition and CSI-RS sequence generation. We have the following proposals:

Proposal 1:  For N=4 OFDM symbols, support X=8, 16 ports.

Proposal 2: Support 4 as the minimum number of adjacent REs in frequency domain in the cases of {8 ports in one symbol, 8 ports in two symbols, 16 ports in two symbols, 16 ports in four symbols, 32 ports in four symbols}, 2 as the minimum number of adjacent REs in frequency domain in the cases of {8 ports in four symbols, 12 ports in two symbols}

Proposal 3: NR should support FD-CDM4, TD-CDM and FD-TD-CDM for CSI-RS to get full power utility.
Proposal 4: NR CSI-RS sequence generation should use the similar method in LTE with some modification to generate 
[image: image35.wmf]init

c

as
[image: image36.wmf])

20

,

mod(

s

s

n

n

=

¢

.

References 

[1] 3GPP Chairman's Notes, RAN1 #89
[2] R1-1710196 Discussion on downlink DMRS design ZTE
[3] R1-1709232 WF on Type I and II CSI codebooks, Samsung, et al
_1559047073.unknown

_1559052343.unknown

_1559052364.unknown

_1559052417.unknown

_1559052356.unknown

_1559048822.unknown

_1559052013.unknown

_1559052026.unknown

_1559047083.unknown

_1559030077.unknown

_1559030244.unknown

_1559042831.unknown

_1559042857.unknown

_1559042843.unknown

_1559030322.unknown

_1559030124.unknown

_1558687457.unknown

_1559029331.unknown

_1400941475.unknown

_1413227071.unknown

_1509781452.unknown

_1348929826.unknown

