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In 3GPP RAN1#84bis, following agreements on CSI-RS for Class A CSI reporting were made [1]:
	Agreements: 
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].
· The number of REs in the kth configuration Nk ∈ {4, 8}
· The same Nk = N can be used for all k 
· FFS whether the same Nk = N for all k is the only permitted configuration 
· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports
· FFS whether a different set of Nk might apply in case of CDM4
· FFS on including Nk=2.
· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 
· The per-port CSI-RS density is FFS based on one or more of the following alternatives:
· FDM
· TDM
· Partial port
· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2
· Aperiodic CSI-RS with partial bandwidth
· Measurement restriction in frequency domain
· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 
· Other schemes 
· Note that the following are not precluded:
· per-port CSI-RS density per PRB = 1
· different per-port CSI-RS densities for different CSI-RS ports is not precluded



According to the agreements above, the concept of CSI-RS aggregation in Rel.13 will be extended to support larger number of CSI-RS ports. Thus, remaining details, such as possible values for Nk, K, and the per-port CSI-RS RE density, need to be discussed further. This contribution provides design principles of NP CSI-RS overhead reduction scheme based on the analysis on the above alternatives and simulation results.

NP CSI-RS overhead reduction
Design principles of NP CSI-RS overhead reduction
Given the two aspects that 1) the first step for NR had been started already and 2) a large number of LTE/LTE-A eNB and UEs have been deployed during few years, CSI-RS overhead reduction scheme should be down-selected considering eNB and UE hardware impacts and potential specification impacts. For instance, CSI-RS REs for a CSI-RS port should be equally spaced in frequency domain and distributed in the system bandwidth to reduce channel estimation complexity at UE side and to broaden UE vendor’s choice such as time-domain channel estimation as well as frequency-domain implementation. Comb-type transmission of CSI-RS in the frequency domain, i.e. FDM, is one of the simplest option satisfying above two conditions.

Observation 1: In Rel.14, CSI-RS overhead reduction scheme should be down-selected considering eNB and UE hardware impacts and potential specification impacts.
· FDM (comb type transmission) has good properties, such as equal-spaced RE structure distributed over the system bandwidth.

Table 1 shows the Relative UPT gains of FDM based overhead reduction scheme over CSI-RS transmission without overhead reduction. In Table 1, it is assumed that each eNB configures 32-port NZP CSI-RS and ZP CSI-RS resources for reuse factor of 3. (Other simulation assumptions and parameters are given by Appendix and our companion contribution [2].) Table 1 depicts that the FDM based overhead reduction provides significant performance gains regardless of CSI-RS patterns or power boosting conditions. Therefore, comb-type transmission in the frequency domain should be a baseline for the NP CSI-RS overhead reduction.

Observation 2: CSI-RS overhead reduction via comb type transmission in the frequency domain (FDM with RPF of 2) shows superior UPT performances over the 1 RE/RB/port CSI-RS RE density in case of high CSI-RS reuse factor.

[bookmark: _Ref458629352]Table 1. Relative UPT gains of comb-type transmission of CSI-RS in the frequency domain 
over CSI-RS transmission without overhead reduction scheme (32Tx, reuse factor of 3)
	CSI-RS patterns and power boosting
	CDM-2, 6dB
	CDM-4, 6dB
	CDM-4, 9dB

	RE density
	1
	0.5
	1
	0.5
	1
	0.5

	5% tile
	100%
	114%
	100%
	109%
	100%
	112%

	50% tile
	100%
	111%
	100%
	111%
	100%
	112%

	Avg. Tput
	100%
	111%
	100%
	111%
	100%
	112%



Analysis on the alternatives for NP CSI-RS overhead reduction
As aforementioned, there were intensive discussions on CSI-RS overhead reduction schemes in RAN1#84bis. Table 2 summarises pros and cons of various alternatives for CSI-RS overhead reduction. 
In FDM based overhead reduction, CSI-RS ports will be transmitted in all CSI-RS subframes but only in part of PRBs in frequency domain. In this case, the estimated CSI will be robust to time varying channel but relatively sensitive to frequency selective channel. It has been shown that a simple implementation of FDM such as comb-type transmission with RPF=2 can provide superior performance gains in various environments with small potential hardware impacts and low complexity.
In TDM based overhead reduction, CSI-RS ports will be transmitted in all PRBs in frequency domain but only in part of CSI-RS subframes. In other words, per-port CSI-RS density in a given subframe is not reduced by TDM based overhead reduction but the entire CSI-RS transmission overhead will be distributed within a given time duration. Since the per-port CSI-RS density will be identical with that for legacy UEs, features for coexistence with legacy UEs such as CSI-RS port sharing, CSI-RS interference management, PDSCH rate matching, etc., will be easy to support, relatively. In TDM, the estimated CSI will be robust to frequency selective channel but relatively sensitive to time varying channel. TDM based overhead reduction also can provide regular RS RE structure that makes the channel estimator to be simple from UE side, when a regular decomposition pattern is adopted.
In partial port based overhead reduction, multiple CSI-RS resources with small number of CSI-RS ports can be used to measure larger number of CSI-RS ports via CLASS B eMIMO-Type with K>1. Partial port based overhead reduction provide high flexibility since each CSI-RS resource configuration can be independently configured. However, this can be supported via enhancing hybrid CSI reporting (see the companion contribution [3]). Therefore, CSI-RS enhancement is not needed to support or implement partial-port CSI-RS.
In partial overlapping based overhead reduction, each subgroup of CSI-RS ports can be punctured cyclically. Partial overlapping makes it possible to fine-tune CSI-RS RE density. For instance, 0.75 RE/RB/port CSI-RS RE density can be achieved by CSI-RS puncturing per every 4 RBs. On the other hands, this kind of approach may induce irregular RS RE structure and makes a UE to utilize more complex channel estimator.
In case of aperiodic CSI-RS with partial bandwidth, flexibility in terms of resource utilization will be very high, although it can still provide good link maintenance capability via periodic CSI-RS ports. However, similar with the partial overlapping methods, the corresponding RS RE structure will be irregular according to the CSI-RS port. Therefore, the UE may need more complex channel estimator.
With measurement restriction (MR) in frequency domain, each CSI-RS port in different measurement window (or subgroup) can be considered as different port. Therefore, in the perspective of CSI-RS overhead reduction, the pros and cons of MR in frequency domain is similar with those of FDM based overhead reduction. However, MR in frequency domain may have larger potential specification impacts than FDM with RPF=2 to support comb-type transmission of CSI-RS. For example, linkage between several MR windows might be required for accurate channel estimation via FDMed CSI-RS.
In our point of view, CDM based overhead reduction cannot give any gain without FDM or TDM.
[bookmark: _Ref450771280]Table 2. Summary on possible alternatives for CSI-RS overhead reduction
	Overhead 
reduction scheme
	Advantages
	Disadvantages

	FDM 
(comb type transmission in the frequency domain)
	Regular RS RE structure
Robust to time varying channel
Large potential performance gains
	Sensitive to freq. selective channel

	TDM
	Regular RS RE structure
Robust to freq. selective channel
Easy to coexist with legacy UEs
	Sensitive to time varying channel
Does not reduce per-port CSI-RS density in a given subframe

	Partial port
	High flexibility
Cooperation with Class B CSI reporting
	CSI deduction from eNB and/or UE side(s)

	Partial overlapping
	Fine-tuning on CSI-RS RE density
	Irregular RS RE structure

	Ap CSI-RS w/ partial bandwidth
	High flexibility
On-demand transmission of CSI-RS
	Irregular RS RE structure

	MR in freq. domain
	Similar with FDM
	Similar with FDM but more potential efforts for standardization

	CDM
	-
	-



Based on the discussions above, we propose following proposal.
Proposal: Support at least FDM with RPF of 2 for NP CSI-RS overhead reduction.
· Details are FFS.
· Partial-port CSI-RS can be supported via hybrid CSI without CSI-RS enhancement
· Other schemes are FFS with considerations on eNB and UE hardware impacts and potential specification impacts.

Conclusions
This contribution provides SLS results and analysis on CSI-RS RE overhead reduction schemes. Based on the simulation results and analysis, the following observations and proposal can be drawn:
Observation 1: In Rel.14, CSI-RS overhead reduction scheme should be down-selected considering eNB and UE hardware impacts and potential specification impacts.
· FDM (comb type transmission) has good properties, such as equal-spaced RE structure distributed over the system bandwidth.
Observation 2: CSI-RS overhead reduction via comb type transmission in the frequency domain (FDM with RPF of 2) shows superior UPT performances over the 1 RE/RB/port CSI-RS RE density in case of high CSI-RS reuse factor.
Proposal: Support at least FDM with RPF of 2 for NP CSI-RS overhead reduction.
· Details are FFS.
· Partial-port CSI-RS can be supported via hybrid CSI without CSI-RS enhancement
· Other schemes are FFS with considerations on eNB and UE hardware impacts and potential specification impacts.
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[bookmark: _Ref450845587]Table 3. Simulation assumptions and parameters
	Parameters
	Value

	Scenarios
	3D-UMi ISD 200m

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	FTP model 1

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 50% UPT, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz

	Network synchronization 
	Synchronized

	UE Speed 
	3 km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx configuration
	2 Rx x-polar (+90/0)

	eNB Tx configuration
	(M,N,P,Q) = (8,4,2,32), (N1,N2) = (4,4)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms (extension of Rel.13 CB with Codebook-Config = 1 for 32 Tx)

	
	Feedback delay is 5 ms

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs,
Corresponding NZP and ZP CSI-RS resources according to the CSI-RS RE density

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Downtilt
	Antenna downtilting angle θetilt = [100] degree for 3D-UMi

	CSI-RS periodicity
	5 msec
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