
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #85	R1-164772
Nanjing, China, 23rd – 27th May 2016
[bookmark: Source]Agenda item:	6.2.3.1.1
Source: 	Samsung
Title: 	Evaluation results on CSI-RS RE densities
Document for:	Discussion and Decision
[bookmark: DocumentFor]Introduction
In 3GPP RAN1#85, 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 SLS evaluation results on per-port CSI-RS RE density.

Simulation assumptions
Assumptions on antenna array configuration and codebook
In this evaluation, three pairs of antenna array configurations and codebooks are assumed as follows:
· For 8 TXRUs, Config. #1 in Table 1 is used for antenna elements array configuration and TXRU virtualization. Rel.10 8Tx codebook is assumed as the corresponding codebook.
· For 16 TXRUs, Config. #2 in Table 1 is used for antenna elements array configuration and TXRU virtualization. Rel.13 16Tx codebook with (N1, N2, O1, O2) = (2, 4, 4, 4) is assumed as the corresponding codebook.
· For 24 TXRUs, Config. #3 in Table 1 is used for antenna elements array configuration and TXRU virtualization. Here, 24Tx codebook is extended from Rel.13 codebook with parameters of (N1, N2, O1, O2) = (2, 6, 4, 4).
Please note that the value of RRC parameter Codebook-Config is set to ‘1’ for 16 and 24 TXRU cases to reduce effect from codebook extension details. Since the Rel.13 codebooks with ‘Codebook-Config =1’ have single beam in a beam group, it seems an extended version of them for larger number of TXRUs is also free from the beam group design issue. Therefore, the Rel.13 codebooks with ‘Codebook-Config =1’ and their extensions can be a good starting point for early evaluations.
[bookmark: _Ref450824100]Table 1. Antenna elements array configurations and TXRU virtualizations
	Config. #1 (M=8, N=1, P=2, Q=8)
	Config. #2 (M=8, N=2, P=2, Q=16)
	Config. #3 (M=8, N=2, P=2, Q=24)
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Assumptions on CSI-RS patterns and interference coordination
Figure 1 depicts examples of CSI-RS patterns according to various numbers of TXRUs and CSI-RS RE densities. In Figure 1, all CSI-RS ports are transmitted in the 9th and 10th OFDM symbols to assume maximum CSI-RS power boosting with CDM-4. Regarding CDM-4, it is assumed that adjacent 4 REs are mapped to the same CDM pattern to guarantee high orthogonality between OCCs. Figure 1(a) and Figure 1(b) show CSI-RS patterns for CSI-RS RE density of 1 RE/RB/port and 0.5 RE/RB/port, respectively. Among various alternatives to reduce CSI-RS RE density [2], FDM based overhead reduction is evaluated as a starting point considering its simple structure and high capability for CSI-RS power boosting.
In contrast with PDSCH transmission, eNB will transmit CSI-RS at every CSI-RS resources configured. In addition, eNB usually perform CSI-RS power boosting for accurate CSI estimation. It means that CSI-RS experiences higher interference than PDSCH with high probability. Therefore, CSI-RS interference coordination between eNBs should also be considered, especially for evaluating UEs at moderate level of PDSCH SINR where the CSI-RS SINR will be the bottleneck. For this reason, the current specification already supports CSI-RS interference coordination via predefined NZP and ZP CSI-RS resource groups. In this evaluation, we assumed CSI-RS reuse factor of 3 and detailed CSI-RS resource mapping for each sector is given in Figure 2.
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[bookmark: _Ref450826079]Figure 1. CSI-RS patterns used for CSI-RS RE density evaluation: 
a) For 1 RE/RB/port, b) For 0.5 RE/RB/port by frequency domain CSI-RS decomposition.
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[bookmark: _Ref450835495]Figure 2. An example of CSI-RS interference coordination

Assumptions on MSE modelling for CSI-RS estimation
The estimated channel  is expressed as

where H is the perfect channel response in frequency domain, E is the white complex Gaussian variables with zero mean and variance , and  is the scaling factor to maintain proper normalization, which is expressed by . The value of  is the MSE according to the SINR of CSI-RS, which is acquired from link level simulation. To calculate , we assumed that a UE utilize 1D-MMSE estimation in the frequency domain with fixed window size in AWGN channel. In this simulation, the fixed window size is given as 4 RB, which means that the MMSE estimator uses 4 samples for CSI-RS RE density of 1 RE/RB/port but use only 2 samples for CSI-RS RE density of 0.5 RE/RB/port. Figure 3 shows that CSI-RS RE density of 0.5 RE/RB/port suffers from about 3dB MSE performance loss compared with that of 1 RE/RB/port. Note that the above assumption on MSE calculation is pessimistic for low CSI-RS RE density, since it is possible to obtain more processing gain by MMSE window size adaptation in practical fading channel.
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[bookmark: _Ref450834430]Figure 3. Normalized MSEs for channel estimation according to CSI-RS RE densities
Other simulation assumptions and parameters are given by Appendix.

Simulation results
Table 2 depicts relative UPT performance gains of CSI-RS RE density of 0.5 RE/RB/port over that of 1RE/RB/port at high RU with CSI-RS reuse factor of 3. From Figure 3, we can expect that the trade-off factor between channel estimation accuracy and overhead reduction by a given CSI-RS RE density can be different according to the SINR from UE side. For instance, both channel estimation accuracy and overhead reduction will be important for UEs in moderate SINR regions. However, for UEs in low SINR regions, overhead reduction would be more important, because high channel estimation accuracy is not essential in the noise-limited SINR region. It means that cell edge UEs can benefit from the overhead reduction without large impact from channel estimation accuracy, as shown by Table 2. Since the effect of overhead reduction increases according to the number of TXRUs, Table 2 depicts that with enough number of TXRUs, e.g. with 24Tx, CSI-RS RE density of 0.5 RE/RB/port outperforms that of 1 RE/RB/port even on the average UPT. Consequently, the following observation and proposal can be drawn from the above discussions.
Observation: CSI-RS RE density of 0.5 RE/RB/port by FDM outperforms CSI-RS RE density of 1 RE/RB/port for larger than 16 CSI-RS ports.
Proposal: For {20, 24, 28, 32} ports, support at least CSI-RS RE density of 0.5 RE/RB/port by FDM.

[bookmark: _Ref450837203]Table 2. Relative UPT performance gains of CSI-RS RE density of 0.5 RE/RB/port over 1RE/RB/port 
at high RU(70%) with CSI-RS reuse factor of 3
	Array Config.
	8Tx (1V8H)
	16Tx (2V8H)
	24Tx (2V12H)

	RE density [RE/RB/port]
	1
	0.5
	1
	0.5
	1
	0.5

	5% tile
	100%
	104%
	100%
	103%
	100%
	109%

	50% tile
	100%
	102%
	100%
	101%
	100%
	109%

	Avg. UPT
	100%
	99%
	100%
	101%
	100%
	106%



Conclusions
This contribution provides SLS results on CSI-RS RE densities under practical simulation assumptions. Based on the simulation results and analysis, the following observation and proposal can be drawn:
Observation: CSI-RS RE density of 0.5 RE/RB/port by FDM outperforms CSI-RS RE density of 1 RE/RB/port for larger than 16 CSI-RS ports.
Proposal: For {20, 24, 28, 32} ports, support at least CSI-RS RE density of 0.5 RE/RB/port by FDM.
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[bookmark: _Ref450845587]Table 3. Other 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)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms (Rel.12 CB for 8Tx, Rel.13 CB with Codebook-Config = 1 for 16 and 24 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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