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1. Introduction
In RAN WG1 meetings #91 [2] following agreements were made with respect to the CSI-RS support for NR:
	
Agreements
· Support mapping CSI-RS sequence to the resource grid at RE-level granularity
· Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource

Agreements
	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	A list of NZP-CSI-RS resource mapping(s) by explicit configuration of time and frequency domain information








In this contribution we provide a text proposal for 3GPP TS 38.211, detailing CSI-RS sequence mapping to physical resource and our views on some remaining issues for CSI-RS.
2. Discussion on CSI-RS
2.1 CSI-RS sequence mapping to physical resources
[bookmark: _Toc500952747]Section 7.4.1.5.3 of specification TS 38.211 [1] captures details of mapping CSI-RS sequence r(m) to physical resources. The mapping specified in section 7.4.1.5.3 [1] is not consistent with the agreements of 3GPP RAN1 meeting #91 [2]. Specifically, in [2], we have an agreement to support mapping CSI-RS sequence to the resource grid at RE-level granularity, i.e., more than one complex symbol per PRB per symbol, as well as support same sequence for all CSI-RS ports on one symbol within a CSI-RS resource. Considering these constraints we propose a following text proposal for RE mapping of CSI-RS sequences.

============= Text Proposals in 38.211 ======================
[bookmark: _Toc500952748]7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to the following:


· For a single port CSI-RS resource if NZP-FrequencyDensity is equal to 3,


· For a single port CSI-RS resource if either NZP-FrequencyDensity is not configured or is equal to 1 or 0.5,



· For a CSI-RS resource with 2 or more ports,


where, 

 

If neither of the higher-layer parameters NZP-FrequencyDensity and NZP-TransmissionComb are configured, . 
If the UE is configured with one or more of the parameters NZP-FrequencyDensity and NZP-TransmissionComb, 

-	if either NZP-FrequencyDensity equals 1 , 

-    if either NZP-FrequencyDensity equals 3 , 

-	if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 0, 

-	if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 1, 


============= End of Text Proposals in 38.211 ======================

2.2 ZP CSI-RS resource
2.2.1 ZP-CSI-RS-ResourceMapping
In [2], RAN1 agreed to use a list of NZP resource mappings to specify the ZP resource mapping. There was no agreement on the size of the list of the type of NZP resource mappings to be used.
Proposal 1 Decide on details of specifying ZP-CSI-RS-ResourceMapping, including the type and the size of NZP resource mapping list.

2.2.2 ZP-CSI-RS resource collision handling
In case of ZP CSI-RS resource overlaps with other non zero-power CSI-RS resource, UE should assume that NZP CSI-RS resource is present, which is similar behaviour to the one supported by LTE. Such approach of handling overlapping with ZP CSI-RS resource is beneficial to reduce UE complexity as it avoid introduction of new UE behaviours for different collision cases.  
	
Proposal 2
· NR supports collision handling between ZP CSI-RS resource and NZP CSI-RS signal by assuming that the reference signal is being transmitted.

2.3 Power imbalance in pre-coded CSI-RS
In a precoded CSI-RS, especially the one that has TD-CDM across multiple OFDM symbols, there is a possibility of power imbalance between the OFDM symbols due to combining of multiple port RS. This can result in inefficient power amplifier setting and coverage. One possible solution for this is to randomize the combining of RS from multiple ports across different PRBs. This can be achieved by permuting the TD-CDM codes used by various ports across different PRBs. The granularity in terms of PRBs, e.g., CDM permutation is performed for every PRB or every alternate or every nth PRB, is for further studies.
Proposal 3: The CDM codes used for combining multiple ports in an NR pre-coded CSI-RS are permuted every nth PRB. The value of n is FFS.

3. Conclusion
In this contribution we provide a text proposal for 3GPP TS 38.211, detailing CSI-RS sequence mapping to physical resource and our views on some remaining issues for CSI-RS as follows:
Proposal 1 Decide on details of specifying ZP-CSI-RS-ResourceMapping, including the type and the size of NZP resource mapping list.
Proposal 2
NR supports collision handling between ZP CSI-RS resource and NZP CSI-RS signal by assuming that the reference signal is being transmitted 
Proposal 3: The CDM codes used for combining multiple ports in an NR pre-coded CSI-RS are permuted every nth PRB. The value of n is FFS.
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