3GPP TSG RAN WG1 Meeting #89                                                                           R1-1707129
Hangzhou, P.R. China, 15th - 19th May 2017
Source:              ZTE
Title:                   On CSI-RS for CSI acquisition   
Agenda Item:     7.1.2.4.1
Document for:   Discussion and Decision
1. Introduction
In RAN1#88b, some agreements on CSI-RS for CSI acquisition were achieved [1], which are listed as following:

Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead

Agreements:

· Support at least CDM-2, CDM-4 and CDM-8

· FFS: Support of no CDM

· FFS: Time-domain and/or frequency-domain CDM can be configured on or off

· Consider CDM pattern design with at least the following aspects

· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking

· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V

· Full power utilization
Agreements:

· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS

· Value(s) of d are at least d=1,1/2.

· For d<1, PRB-level comb-type transmission is supported.

· FFS whether offset value(s) can be the same or different across antenna ports

· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.

· FFS on the supported combinations of value(s) of x and d. 

This contribution presents our views on the details of CSI-RS for CSI acquisition.
2. The RE pattern for X-port CSI-RS
In RAN1#88b meeting, some RE patterns on CSI-RS for acquisition were decided, that are  X = 2 with (M, N) = (2, 1), X = 4 with (M, N) = (4, 1) and (2, 2), while some are still FFS, including X>=8, X=2 with (M,N)=(1,2) and X=1. Since different component size, component patterns and final RE patterns may be different for different X values, we separately provide our views for each X port CSI-RS.  Note that this discussion is for non-precoded CSI-RS for CSI acquisition.  If beamformed CSI-RS is used for codebook based port selection, we may need to support larger N.
· X=2 ports
Since (M, N) = (2, 1) has been agreed already, the component (Y, Z) = (2, 1) should naturally be supported for 2 port CSI-RS.  To keep low complexity, one RE pattern of  (M,N) =(2,1) and corresponding component of (Y,Z)= (2,1)  may be enough if this is for non-precoded CSI-RS. Pattern 1 in Figure 1shows a candidate of CSI-RS RE pattern with (M, N) = (2, 1). It is noted that the starting position in the frequency domain can be configured, and the possible symbol may also be configured.
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Pattern 1

Figure 1 CSI-RS pattern for 2 ports
· X=4 ports
For X= 4 port CSI-RS, 2 patterns of (M, N) = (4, 1) and (2, 2) have been agreed in last meeting as shown in pattern 1 and 2 in Figure2. Both these two patterns can make full use of RE to maximize the frequency reuse factor. The pattern of (M, N) = (4, 1) can be used in one OFDM symbol and the pattern of (M, N) = (2, 2) is mapped on two adjacent OFDM symbols. Since both of these two RE patterns are based on adjacent REs, it is obvious that the component size with 4 REs should be supported and other smaller component size is redundant. Therefore, we prefer components (Y, Z) = (4, 1) and (2, 2) for RE patterns of (M, N) = (4, 1) and (2, 2) respectively.
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Pattern 1                                                        Pattern 2
Figure 2 CSI-RS pattern for 4 ports
· X=8 ports
As shown in pattern 1 in Figure 3, the RE pattern of (M, N) = (8, 1) in single OFDM symbol is very useful in high frequency domain. In this case, since different analog beamforming with data may be used in CSI-RS, it is hard to multiplex data and CSI-RS in same OFDM symbol. And then, the number of OFDM symbols carried CSI-RS should be minimized in order to leave more resource for data transmission. 
In scenario in low frequency bands, or more CSI-RS resource are needed, two OFDM symbols can be configured for CSI-RS transmission, the RE pattern of (M, N) = (4, 2) should be naturally supported which is shown in pattern 2 in Figure 3.
For one UE, it seems unnecessary to configure 4 OFDM symbols for CSI-RS transmission. But considering multiple UEs may need more CSI-RS resources, 4 OFDM symbols are possible. In this case, RE pattern of (M, N) = (8, 1) and (4, 2) can still be used, and the zero power CSI-RS should be configured for rate matching. Similar with 4 ports, two components  (Y,Z)= (8,1) and (4,2) can be supported for the RE patterns of  (M,N) = (8,1) and (4,2). 
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Pattern 1                                                                Pattern 2

Figure 3 CSI-RS pattern for 8 ports
· X=16 port

The RE patterns for 16-port CSI-RS can be mapped on two or four OFDM symbols.
 Since 2 OFDM symbols are short enough in time domain, it is easy to keep 2 adjacent symbols for CSI-RS even multiple DMRS symbols are considered. Therefore, the RE pattern (M, N) = (8, 2) should be supported which is shown in pattern 1 in Figure 4. To keep low complexity, other RE patterns with non-adjacent two symbols should not be supported unless it is verified that two adjacent symbols cannot be ensured for CSI-RS. In this case, we can see RE patterns on adjacent 16 REs on two OFDM symbols are preferred, the component (Y, Z) = (8, 2) can naturally used. But for flexibility, the component (Y, Z) = (4, 2) can considered as a tradeoff way. 
If 4 OFDM symbols are configured for CSI-RS transmission with 16 ports as shown in pattern 2 in Figure 4, the RE pattern may be not adjacent 16REs since it is hard to keep adjacent 4 symbols for the RE pattern. However, 2 adjacent symbols may be easily configured. Therefore, the component (Y, Z) = (4, 2) should be supported.  
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Pattern 1                                                  Pattern 2

Figure 4 CSI-RS pattern for 16 ports
· X=32 port,

The pattern for 32-port CSI-RS should be mapped on 4 OFDM symbols. If 4 OFDM symbols are configured for CSI-RS transmission with 32 ports, the RE pattern may be not adjacent 32 REs since it is hard to keep adjacent 4 symbols for the RE pattern. Then the component (Y, Z) = (8, 2) should be supported. Alternatively, the component (Y, Z) = (4, 2) can also be considered to maximize the frequency reuse factor.
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Pattern 1
Figure 5 CSI-RS pattern for 16 ports
Totally, the RE patterns above for X-port CSI-RS are summarized in Table 1
Table 1: RE patterns for X-port CSI-RS

	X
	Pattern 1
	Pattern 2

	2
	(M,N)=(2,1):

1 symbol

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

	4
	(M,N)=(4,1):

1 symbol

Aggregation by (Y,Z)=(4,1)
	(M,N)=(2,2):

2 symbols

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

	8
	(M,N)= (8,1):

1 symbol

Aggregation by (Y,Z)=(8,1)
	(M,N)= (4,2):

2 symbols

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

	16
	(M,N)=(8,2) :

2 symbols

Aggregation by two (Y,Z)= (4,2) or 
by one (Y,Z)=(8,2)
	4 symbols

Aggregation by two (Y,Z)=(4,2)

	32
	4 symbols

Aggregation by two (Y,Z)=(8,2) or 

by four (Y,Z)=(4,2)
	non


Proposal 1: for X=2, (Y,Z)= (2,1)  is enough; for X=4, (Y,Z)=(4,1), (2,2) are enough; for X=8, (Y,Z)=(8,1), (4,2) can be configured; for X=16, (Y,Z)=(8,2), (4,2) can be configured; for X=32, (Y,Z)=(8,2) or (4,2) can be configured.
Actually, because of DMRS transmission, dynamical slot format which may include UL and GP symbols, remained symbols for CSI-RS will not be too many. Therefore, we propose to support maximum 4 OFDM symbols for CSI-RS transmission. 
Proposal 2: Support maximum 4 OFDM symbols for CSI-RS transmission.
Note that this discussion is for non-precoded CSI-RS for CSI acquisition.  Codebook based port selection is supported using beamformed CSI-RS, we may need to support larger N because number of beams is restricted to N beams in such cases.

Proposal 3: Consider supporting larger N values (e.g. N=2 for X=2, N=4 for X=4,8,16) if Codebook based port selection is supported using beamformed CSI-RS.
3. CDM RE pattern 
As we know, the motivation of CDM pattern is to solve the power boosting issues because of 6 dB restriction. To achieve flexibility, more configurable CDM patterns should be supported, especially for large X value, e.g. X=16 and 32. However, for smaller X ports, only fewer CDM patterns can be supported, or even no CDM can be used. In other words, for each RE pattern of X-port CSI-RS, there is a corresponding set of CDM RE patterns. 
In order to keep low complexity and get full power utility, we design CDM patterns for each X-port CSI-RS. In Table 2, for each RE pattern of X-port CSI-RS, there is a corresponding set of CDM RE patterns. 
Table 2: CDM RE patterns
	X
	pattern
	CDM RE patterns

	2
	Pattern 1: (M,N)=(2,1)
	{non CDM}

	
	
	

	4
	Pattern 1: (M,N)=(4,1)
	{ non CDM }

	
	Pattern 2: (M,N)=(2,2)
	{ non CDM, TD CDM-2}

	8
	Pattern 1: (M,N)=(8,1)
	{non CDM, FD CDM-2}

	
	Pattern 2: (M,N)=(4,2)
	{non CDM, TD CDM-2}

	16
	Pattern 1: (M,N)=(8,2)
	{ non CDM, FD CDM-2, TD-FD CDM-4}

	
	Pattern 1 or 2: (Y,Z)=(4,2)
	{ non CDM, TD CDM-2, TD CDM-4}

	32
	Pattern 1: (Y,Z)=(8,2) or (4,2)
	{ non CDM, FD CDM-2, TD-FD CDM-4, TD-FD CDM-8}

	
	
	


Proposal 4: According Table 2, for each RE pattern of X-port CSI-RS, there is a corresponding set of CDM RE patterns.
4. Possible collision between CSI-RS and other channels/signals  
Usually, it is better to transmit CSI-RS and other signals on different resources in order to avoid serious interference. 
For instance, it is better to transmit PTRS and CSI-RS on different subcarriers,  and then, we suggest to transmit PTRS on subcarriers on the edge of one PRB as described in our companion contribution [2].However, the collision between PTRS and CSI-RS cannot be avoided in some cases. For instance, the whole 2 OFDM symbols in one PRB are configured for CSI-RS resources as shown in Figure 6, and the overlapping part exists in symbol 13 and 14. If the collision between PTRS and CSI-RS cannot be avoided, it is obvious that there are no or no many resources for data transmission on OFDM symbols carried CSI-RS and PTRS transmission is unnecessary. Therefore, PTRS should be truncated to remove the interference to CSI-RS. 
Besides PTRS, the collision issues between CSI-RS and DMRS, SS, even UL channels should be considered. Specifically, for periodic and semi-persistent CSI-RS, the configured CSI-RS resources may be overlapping with UL or GP symbols because of dynamical slot format. In this case, CSI-RS should be assumed without transmission, or else, the corresponding CSI-RS transmission can be delayed to the next slot.
Proposal 5: The collision issues between CSI-RS and other channels/signals should be considered.
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Figure 6 Collisions between CSI-RS and PTRS
5. Conclusion

In this contribution, we discuss the details on the RE patterns of X-port CSI-RS and CDM RE patterns for CSI acquisition. We have the following proposals:

Proposal 1: for X=2, (Y,Z)= (2,1)  is enough; for X=4, (Y,Z)=(4,1), (2,2) are enough; for X=8, (Y,Z)=(8,1), (4,2) can be configured; for X=16, (Y,Z)=(8,2), (4,2) can be configured; for X=32, (Y,Z)=(8,2) or (4,2) can be configured.
Proposal 2: support maximum 4 OFDM symbols for CSI-RS transmission.
Proposal 3: Consider supporting larger N values (e.g. N=2 for X=2, N=4 for X=4,8,16) if Codebook based port selection is supported using beamformed CSI-RS.
Proposal 4: According Table 2, for each RE pattern of X-port CSI-RS, there is a corresponding set of CDM RE patterns.

Proposal 5: The collision issues between CSI-RS and other channels/signals should be considered.
References 
[1] 3GPP Chairman's Notes, RAN1 #88b
[2] R1-1707132 Discussion on RS for phase tracking ZTE

