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1
Introduction
During the RAN1#89 meeting, there were some agreements on CSI-RS pattern design [1] as follows:
	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 



In this contribution we will address the remainin issues of CSI-RS pattern design for CSI acquisition and other related configurations. 
2
Discussion   
2.1    CSI-RS pattern related design

In the RAN1 #89, SF (spreading factor) =2 in frequency domain has been agreed to support 2-port and 4-port CSI-RS. For SF=4 applicability, it is relying on channel frequency selectivitity property, which will be variable in different channel environments and use cases. When the ISD (inter-cell distance) is small or with open space propagation environment, channel delay would be limited, but for larger cell coverage or challenging channel environment, it is hard to make this assumption. Another factor is numerology. Large subcarrier spacing will cause inter-subcarrier CSI changed severely. In case of high frequency band, normally the smaller ISD will be adopted, but it often uses larger subcarrier spacing to utilize larger bandwidth. So it is not easy to set one firm threshold to restrict which case is suitable for SF=4 or not. Then from the specification prospective, the freedom to apply different CDM length should be provided. 
Proposal 1: Support CDM 4 in frequency domain.
In case of time domain spreading, when UE is being in low mobility status, SF=2 and SF=4 both can be supported, but in high speed case, SF=4 will suffer some challenges due to larger dopper shift. Another related issue is the number of consecutive OFDM symbols. When the antenna port number is large, it is necessary to allow one CSI-RS resource spanning multiple OFDM symbols. Considering channel change in the multiple OFDM symbols, there is a high risk to use longer OCC than the number of consecutive OFDM symbols. If one CSI-RS resource is crossing N=4 OFDM symbols, from the OCC usage and available resource space within one slot, the minimum number of adjacent OFDM symbols for one CSI-RS resource can be set to 2, then OCC 2 can be used for one 2-symbol resource group. Consequently, it can support 2 resource groups to aggregate one N=4 CSI-RS resource. For the resource mapping within one CSI-RE resource, simple repeated RE mapping is easy to implement, so no reason to support non-uniform RE mapping for different OFDM symbol.
Proposal 2: CDM 2 and CDM 4 can be supported in time domain , but the CDM length should not be more than the number of consecutive OFDM symbol within one CSI-RS resource.
Proposal 3: Support 2 adjacent symbols as the minimum requirement within one 4-symbol CSI-RS resource.  
Proposal 4: Support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource when N= 4. 

When it comes to CSI-RS port layout, if one symbol CSI-RS resource is configured, so 12 subcarriers within one symbol can accommodate at most 12 antenna ports. For symbol nuber N=2, it is natural to support 24 antenna ports within two OFDM symbols taking into D=1 RE/port/PRB density. When N=4, considering big CSI-RS resource consumption, generally it is only applied for limited cases, for instance, the antenna ports number equal to 24 or 32. In order to support full power utilization and spreading gain, CDM should be supported when antenna port number is more than 1. More specifically, CDM 2 is used for X=2. CDM=4 is used for 4, 8, 12, 16. For X=24 and X=32, since digital precoding is the main use case, CDM=8 can be used. 

Proposal 5: For concrete CDM pattern design, support the following configurations:

· CDM 1 is for X=1
· CDM 2 is for X=2, associated with (2,1)
· CDM 4 is for X=4, applicable for (M,N)=(4,1) and (M,N)=(2,2)
· CDM 4 is used for X=8, 12 and 16, where one CDM RE unit is either (4,1) or (2,2).

· CDM 8 is used for X=24 and 32, associated with either (4,2), or (2,4), where (2,4) is only used in 4 consective OFDM symbols case.
Proposal 6: for CSI-RS symbol assignment, support the following configurations:
· For N=2 OFDM symbols, support X= 24 ports

· For N=4 OFDM symbols, support X=24 and 32 ports

In terms of comb and CDM combination, in general, legacy LTE mechanism can be used. It means in one PRB, the CSI-RS RE pattern can be placed in certain RE unit, furthermore, within one CDM pattern, OCC is used. For cyclic shifted sequence uage, we are not certain on how to make one competitive design. If reusing LTE SRS sequence design, cyclic shift and comb are the main technical factors to differentiate different antenna ports, while OCC becomes less meaningful. We need to be careful adopting this design, because CSI-RS port number is quite diverse, from 1 antenna port to 32 antenna ports, and DL CSI accuracy is very important to system performance. OCC pattern will facilitate frequency domain channel estimation, which will provide good isolation for multiple antenna ports, while CS based CDM will be relying on time domain DFT based channel estimation, not suitable to large amount of CSI-RS port differentiation. Obviously, when D=1 RE/port/PRB is used, DFT based sequence is hard to guaranteen the CSI-RS performance, because sparse RS distribution based on comb in frequency domain only causes weaker channel response repetition in time domain.    
Proposal 7: No support for RE-level comb based on cyclic shifting sequence.
2.2    CSI-RS location

As agreed in previous meeting, front-loaded DMRS will be placed in the front of one subframe. DL control channel is often located in the front of one subframe. For CSI-RS, it may be front-loaded like as DMRS or placed at the end of the subframe. Both such placements may have their own use cases. The front loaded transmission may facilitate early CSI acquisition, especially in aperiodic configuration case where self-contained feedback can be used. The last symbol placement would allow for fresh CSI feedback computation. In addition, it can avoid the rate matching problem if have localized CSI-RS in the end of one subframe. In case of the overlapping between CSI-RS and other signals for front-loaded CSI-RS, in our company contribution [2], more detailed solutions have been discussed. Generally, we can use scheduler or flexible multiplexing method to avoid this issue. Moreover, since it is nature to support the multiplexing between PDSCH and CSI-RS, the symbol location with PDSCH should be suitable for CSI-RS placement. 
Proposal 8: Allow the placement of CSI-RS in front loaded mode as well as in last symbols of the subframe.
2.3    CSI-RS sequence design

CSI-RS sequence is important to support CSI-RS multiplexing and randomization. Similar to LTE, PN sequence should be used to differentiate the CSI-RS resources. As discussed in section 2.1, OCC based sequence will be used to differentiate different antenna port, and PN scrambling code will be used to idenfity different cells or different CSI-RS groups.    

For the CSI-RS sequence ID configuration, UE specific identity is one basic feature, however, it doesn’t prevent one CSI-RS resource is configured and shared by one group of UEs, then no need to emphasize UE specific or group specific, instead, CSI-RS sequence ID can be configured with one designated value by the gNB. Furthermore, in order to facilitate CSI-RS reuse, different scambling PN code can be used for inter-beam or inter-TRP, though it may cause new interference, however, if gNB has good knowledge for interference distribution, this configuration will provide more flexibility for CSI-RS resource allocation.
Proposal 9:  Support PN sequence uage and configurable sequence ID for one CSI-RS resource. 
2.4    CSI-RS related paremeters configuration
For NZP-CSI-RS configuration, a few paremteres need to considered. In this section, we only discuss the bandwidth and power control configuration.  

According to the agreements before, CSI-RS should be supported with full bandwith and partial band, but suband based CSI-RS has no conclusion. For partial bandwidth, since its bandwidth is between the full bandwith and suband, it is better to have limited granularity to achieve the trade-off of the complexity and flexibility. For example, if one bit signalling is used, then two half of carrier bandwith need to be indicated. If 2 bits are used, each one fourth of carrier bandwidth can be indicated. For suband specific CSI-RS, some scenarios can get benefits. If UE is expecting to measure the channel status of one particular bandwidth, subband specific CSI-RS is more convinent from overhead and efficiency prospective. Moreover, different subband CSI-RS or different density can be assoiciated with different TRP.
Proposal 10: Support multiple granularity CSI-RS configuration with the following assumption:

· Support partial band with limited granularity, for example, half or one fourth of full bandwith.
· Support subband specific CSI-RS configuration.
In case of power control of CSI-RS, one direct question is how to configure the EPRE ratio between the CSI-RS and PDSCH, furthermore, it is also related to power allocation for multiple antenna ports. If FDM is used for multiple CSI-RS port within one CSI-RS resource, then power borrowing technique can be used. It means one antenna port can use power boosting when multiple port CSI-RS signal is transmitted with FDM way. Actually it has been applied in LTE system. Another usecase is to implement power boosting to CSI-RS at the expense of power reduction of PDSCH RE located in same OFDM symbol. However, it should be careful to study the benefit and potential impairment to system performance. Moreover, it is related to power headroom in RAN4 evalution. Hence, power boosting should also take into account RF implemenaton limitation. 
Proposal 11: Support power boosting for multiple antenna port CSI-RS transmission within one OFDM.  
3
Conclusions
The contribution is concluded by summarizing our proposals as follows: 

Proposal 1: Support CDM 4 in frequency domain.
Proposal 2: CDM 2 and CDM 4 can be supported in time domain , but the CDM length should not be more than the number of consecutive OFDM symbol within one CSI-RS resource.
Proposal 3: Support 2 adjacent symbols as the minimum requirement within one 4-symbol CSI-RS resource.  

Proposal 4: Support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource when N= 4. 
Proposal 5: For concrete CDM pattern design, support the following configurations:

· CDM 1 is for X=1
· CDM 2 is for X=2, associated with (2,1)
· CDM 4 is for X=4, applicable for (M,N)=(4,1) and (M,N)=(2,2)
· CDM 4 is used for X=8, 12 and 16, where one CDM RE unit is either (4,1) or (2,2).

· CDM 8 is used for X=24 and 32, associated with either (4,2), or (2,4), where (2,4) is only used in 4 consective OFDM symbols case.

Proposal 6: for CSI-RS symbol assignment, support the following configurations:
· For N=2 OFDM symbols, support X= 24 ports

· For N=4 OFDM symbols, support X=24 and 32 ports
Proposal 7: No support for RE-level comb based on cyclic shifting sequence.

Proposal 8: Allow the placement of CSI-RS in front loaded mode as well as in last symbols of the subframe.
Proposal 9:  Support PN sequence uage and configurable sequence ID for one CSI-RS resource. 
Proposal 10: Support multiple granularity CSI-RS configuration with the following assumption:

· Support partial band with limited granularity, for example, half or one fourth of full bandwith.

· Support subband specific CSI-RS configuration.
Proposal 11: Support power boosting for multiple antenna port CSI-RS transmission within one OFDM.  
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