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1 Introduction
In RAN WG1 meeting #88[1] and #88bis [2] the following agreements were made with respect to the CSI-RS support for NR:
	Agreements:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where
· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain
· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z
· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 
· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns
· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain
· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth
· At least the following numbers of OFDM symbols for a CSI-RS resource are supported
· N = {1, 2, 4}
· FFS, other value(s) of N
· The N OFDM symbols can be adjacent/non-adjacent
· FFS, down-selection on adjacent/non-adjacent OFDM symbols
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



In this contribution we provide our views on RE patterns, aggregation and CDM of CSI-RS resource for CSI acquisition in NR.
2. Discussion
In meeting #88 [1], it was agreed that RE patterns for an X-port CSI-RS is comprised of one or multiple component CSI-RS RE patterns. A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain. In meeting #88bis [2], at least for density 1 RE/port/PRB, and N=1 or 2 OFDM symbol some candidate RE patterns for X = 2 and 4 port CSI-RS were agreed. 

2.1 Component CSI-RS RE pattern (Y, Z)
A small number of component RE patterns along with aggregation provides flexible CSI-RS resource RE pattern. Thus, enabling an efficient utilization of CSI-RS for diverse NR objectives. However, it also increases the gNB and UE complexity due to too many feasible combinations and permutations of aggregated RE pattern. On the other hand, individual RE patterns for each X-port CSI-RS resource is too restrictive in terms of flexibility. So the goal here is to have enough flexibility in the RE patterns without having overwhelming complexity. In #88bis [2], at least for density 1 RE/port/PRB, the following candidate RE patterns were agreed.
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Figure 1: RE pattern for X = 2 ports for N = 1 OFDM symbol
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Figure 2: RE pattern for X = 4 ports for (a) N = 1 OFDM symbols, and (b) N = 2 OFDM symbols.


Now, if we consider constructing X =8 port CSI-RS resource by aggregating RE patterns (component RE pattern) corresponding to the X = 4 port CSI-RS resource, then for N = 2 alone, there are 18 possible patterns using (Y, Z) = (4, 1), and 15 possible patterns using (Y, Z) = (2, 2). There are even more and weird possible aggregated RE patterns if we aggregate using (Y, Z) = (2, 1). Hence, to limit the number of possibilities to a reasonable number and aggregated patterns to a reasonable shape we can define X = 8 port CSI-RS resource pattern and allow for aggregated RE patterns for X > 8 port CSI-RS resources.
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Figure 3: An example RE pattern for X = 8 ports for (a) N = 1 OFDM symbols, and (b) N = 2 OFDM symbols.
Proposal 1: 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
· (M, N)= (8, 1)
· (M, N)= (4, 2)
· FFS other values of (M, N).

2.2 CSI-RS RE pattern for X > 8 port CSI-RS resource
The RE pattern used for the large ( > 8) port CSI-RS resources can be formed using one or more component RE patterns defined in the previous section for X = 2, 4, 8 port CSI-RS resources. From the CSI-acquisition as well as complexity perspective it is beneficial if only one type (one value of (Y, Z)) of RE patterns are aggregated and additionally they occupy identical frequency domain resources in all the occupied OFDM symbols.
Proposal 2: At least for CSI-acquisition, for density 1 RE/port/PRB, X> 8, the RE pattern for an X-port is comprised of one or multiple component CSI-RS RE patterns of one type, i.e., one value of (Y, Z), and the frequency resources used in all the occupied OFDM symbol (s) are identical. 

2.3 CDM details
In RAN1 #88bis [2] it was agreed that a CDM pattern cannot span over more than U OFDM symbols and V subcarriers, while the values of U and V were FFS. 
Proposal 3: CDM 2, 4 and 8 with full power utilization is supported.
Proposal 4: CDM within and across multiple component CSI-RS RE patterns is supported.   
Proposal 5: CDM pattern spans at least U = 2 and V = 2. FFS U = 4.
2.3 Power offset
The channel measurement obtained by the UE from CSI-RS in general case can’t be directly used to derive CQI. In particular, due to use of the CDM spreading or possibly power boosting the estimated channel on CSI-RS in general case may not correspond to the channel on PDSCH. Moreover, in some cases, it is beneficial for the gNB to have some control on the estimated channel scaling prior to CQI calculation. For example, gNB for CQI report may target lower BLER then the reference BLER of 10% used by the UE to derive CQI. In this case, additional power offset configuration for channel measurement on CSI-RS should be configured for the UE for CQI calculation. It should be noted that similar power offset signalling can be introduced for interference measurements obtained on CSI-RS to compensate for the power boosting  that can be possibly used on CSI-RS of the neighbouring gNBs. 
[bookmark: _GoBack]3. Conclusion
To summarize, in this contribution we made the following proposals regarding the CSI-RS for CSI acquisition:
Proposal 1: 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
· (M, N)= (8, 1)
· (M, N)= (4, 2)
· FFS other values of (M, N).

Proposal 2: At least for CSI-acquisition, for density 1 RE/port/PRB, X> 8, the RE pattern for an X-port is comprised of one or multiple component CSI-RS RE patterns of one type, i.e., one value of (Y, Z), and the frequency resources used in all the occupied OFDM symbol (s) are identical. 

Proposal 3: CDM 2, 4 and 8 with full power utilization is supported.
Proposal 4: CDM within and across multiple component CSI-RS RE patterns is supported.   
Proposal 5: CDM pattern spans at least U = 2 and V = 2. FFS U = 4.
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