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1. Introduction

The following is the conclusion from the Chairman notes at RAN1 #60

· Full-power utilization is the design target.
· Send LS to RAN4 asking about the feasibility of 9 dB boosting. 

· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe

· Resource elements (REs) of CSIRS are configured and/or tied to system parameters for inter-cell orthogonality, i.e, no collision between CSIRS.
                   - Partial collision of CSI RS for inter-cell randomization is not precluded.
· CSI RS pattern for {2,4,8} CSI-RS ports
- Port 0 is fully configured (subframe, OFDM symbol, frequency location) by L3 signaling and/or tied to system parameters 

- The other ports follow port0 (implicit)

- FFS if all ports have the same shift or different shift in time and frequency

- For intra-cell CSI-RS, FDM/TDM/CDM/CSM needs further study.
· Study RE muting, i.e., no collision between CSIRS and data, for multi-cell CSI measurement
· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE

· Power reallocation of muted REs is FFS

A preferred example of CSI-RS design, which is based on applying a large delay cyclic shift to the same sequence to achieve orthogonality (similar to Rel-8 uplink RS), is compared to FDM-based designs in contributions to the previous meetings [1]

 REF _Ref258240208 \r \h 
[2]. Based on SU and MU-MIMO evaluations it was shown that the Cyclic Shift Multiplexing (CSM) based designs outperform FDM designs. Specifically, it was concluded that:

· While performance is the same at high SNR, CSM based design outperforms the FDM design at low SNRs, where we observed ~0.5-1.5 dB gain due to the fact that CSM design allows the use of well-known and efficient DFT-based channel estimator.

To better understand the performance sensitivity to CSI-RS pattern and quality, in this contribution, we take into account the following aspects:

· Using a realistic channel estimation based on FDM and CSM CSI-RS designs as proposed

· Possible impact of neighboring cell data RE muting to improve CSI-RS quality 

2. Performance Results

In this section, we evaluate the SU-MIMO rank-1 throughput in a link simulation assuming the eNB precoding based on the SVD of an estimated covariance feedback. This kind of precoding assumption can be considered as an upper-bound for PMI-based beamforming. 

We focus on rank-1 because we are particularly interested in low SNR region performance where a bigger difference is observed comparing FDM with CSM. We simulate the rank-1 beamforming link performance under various MCS levels and report the hull curve. The detailed simulation assumption is summarized in the table below. We compare these cases:

· Ideal CSI: instantaneous and ideal feedback information.
· Delayed CSI but ideal channel estimation (CE): CSI-RS transmission periodicity, reporting periodicity, and processing/scheduling delay according to the table below
· Delayed CSI with CE based on CSM: Actual channel estimation, With and without  muting 
· Delayed CSI with CE based on FDM: Actual channel estimation, With and without  muting
The results are with 1 RE/port/RB density in all cases. Both designs use 4 REs/RB in a single OFDM symbol and CSI-RS of different cells are multiplexed in a reuse-3 pattern using 3 orthogonal frequency shifts (see [2] for details). With muting enabled, no PDSCH transmission is allowed on CSI-RS REs in neighboring cells. So, the interference seen by CSI-RS in a cell is mainly from CSI-RS of other cells that share the same REs.
	Parameter
	Value

	Channel Model
	ITU Urban Micro; 

Doppler 3 kmph

	Transmission BW
	10 MHz

	Carrier Frequency 
	2 GHz

	Antenna Configuration
	b) 4-Tx eNB: Cross Pole, 4 lambda; 2-Rx UE: Cross Pole;

	Duplex method 
	FDD

	Scheduler
	Scheduling granularity of one subframe ; Scheduling is dynamic on a subframe basis

	Link adaptation
	Ideal CQI ; Release 8 MCS;

	Channel estimation for Demodulation
	2DMMSE Non Ideal channel estimation  based on REL 9 DRS Patterns

	Feedback Impairments
	Subband (6 RB) Feedback

Reporting period: 10 ms (same as CSI-RS periodicity);

Minimum UE CSI-RS processing and scheduling Delay: 5 ms

	Rate Metric
	Link Simulations based on Release 8 MCS (Hull curve)

	Overhead
	Control channel of 2 symbols; 

2 port CRS; 12 DRS 

	MIMO Mode
	SU-MIMO Only, Rank 1

	Traffic Model
	Full Buffer

	Precoding Granularity
	6 RB

	Allocation 
	Whole band

	Feedback content and  precoding
	i)  SVD 

ii) 6 bit PMI 

	Receiver
	Non Ideal IRC with Estimated Interference Covariance Matrix

	CSI RS Design
	Configuration 1: 
Density: 1 RE/RB; Multiplexing: CSM; 

Configuration 2:

Density: 1 RE/RB; Multiplexing: FDM; 




[image: image1.emf]-8 -6 -4 -2 0 2 4 6 8 10

0

0.5

1

1.5

2

2.5

x 10

4

Mean EsNo

Throughput (Kb/s)

 

 

Ideal CSI

Delayed CSI - Ideal CE on CSI-RS

Delayed CSI - CE with 1 RE/RB CSM

Delayed CSI - CE with 1 RE/RB FDM

Delayed CSI - CE with 1 RE/RB CSM - Muting

Delayed CSI - CE with 1 RE/RB FDM - Muting


Figure 2 – SU-MIMO rank-1 throughput with CSI-RS configurations (SVD Feedback)
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Figure 3 – Link performance hull curves (SVD Feedback)
The following observations can be made:

1. Without muting: CSM and FDM designs show similar performance at high SNRs. At low SNRs, the CSM design has better performance by 0.5-1.5 dB. This can be explained due to improved noise gain in DFT-based channel estimation that can exploit the channel PDP (estimated easily). Note that even though DFT-based channel estimation can also be applied to FDM-based CSI-RS pattern, the noise/interference suppression gain is very insignificant, if any. This is because of the length of the RS sequence in FDM is 1/4 of that for CSM due to the large of spacing of 12 RE in FDM (compared to 3 in CSM). At low SNRs, interpolation is highly vulnerable to local noise distortion.
2. With muting, FDM performance is significantly improved. CSM performance is also slightly improved. More importantly, at-least for single cell SU/MU-MIMO, using a CSM based CSI-RS design will not require RE muting. RE muting will not only have impact on Release-8 PDSCH and but also incur larger RS overhead. Muting may be more useful for CoMP (e.g., JP), but further studies are needed to better understand the overhead versus gain tradeoff.
3. Conclusions
In this contribution additional results are provided for CSI-RS design to capture the single cell SU-MIMO performance impact of data RE muting on CSI-RS locations. CSM based design is shown to be robust even without muting, while FDM design needs muting at low SNRs. The fact that CSM does not require RE muting is an advantage because of no impact to Rel-8 PDSCH performance and lower RS overhead. Muting may be more useful for CoMP (e.g., JP), but further studies are needed to better understand the overhead versus gain tradeoff and for Rel-10 the first priority is on single-cell SU/MU-MIMO. 
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