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1
Introduction
The benefits of PDSCH RE muting on inter-cell CSI measurements were extensively considered in previous meetings and email discussions. It has been agreed that the muting benefits are evaluated in two stages: in the first stage only the inter-cell channel estimation MSE impacts of RE muting are evaluated, while in the second stage the benefits of RE muting to intra-site CoMP are evaluated in terms of throughput performance. The impact of additional RE muting to legacy Rel’8 UEs has been also addressed.
In RAN1#61bis we presented results showing the benefits of muting for coordinated beamforming CoMP [13]. In this contribution we present further results and conclusions on the second stage of the evaluation of PDSCH RE muting, assuming joint processing CoMP. The results show that muting is essential to guarantee good performance as well as future proof design so we recommend that muting is included in Rel-10 to avoid legacy impact if otherwise introduced in later releases.
2
Simulation setup
Based on our previous JP simulation [3], we further consider the impact of CSI estimation error to CoMP performance. For this purpose, realistic channel estimation was now considered in system level simulations. Upon the receiving of CSI-RS from different sectors, a realistic channel estimator at UE side estimates the channel response from multiple sectors in frequency domain. Then the estimated channel is used as input for UE feedback calculations. With the estimated CSI, eNB pairs multiple UEs together and do ZF precoding. All the scheduling and link adaptation decisions as well as the precoding are based on the estimated CSI instead of ideal CSI, and performance degradation are hence expected wrt. ideal CSI knowledge. 
The system level simulation follows the requirements from previous CoMP simulation campaign [2] and stage 2 simulation requirements [1]. Detailed simulation parameters can be found in the appendix.  
· PDSCH RE muting for CSI-RS
Fig.1 provides three CSI-RS RE muting patterns corresponding to frequency reuse factors of 1, 3 and 12. For simplicity, only the centre 7 cells are shown here, the pattern is however expanded to cover a wider area in the simulations. The sectors are labeled here according to the CSI-RS index. Only the sectors with the same CSI-RS index are considered as source of interference for channel estimation. The left pattern corresponds to frequency reuse 1 (FR=1) no muting scenario where all sector are given CSI-RS index=1. The middle and right patterns are for FR=3 and FR=12, respectively.
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Fig.1 CSI-RS muting patterns: left, FR=1; middle: FR=3; right: FR=12.
The SINR for CSI-RS from sector i is calculated as following: 
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Where 
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is the received signal power from sector k, and 
[image: image4.wmf]i

M

is the set of sector IDs with the same CSI-RS muting index, e.g. all sectors are marked with CSI-RS index=1 in case of no CSI-RS muting.

· Simulation Cases
Perfect CSI:
Ideal CSI knowledge – UE obtains the ideal instaneous CSI from different sectors; 
FR1:


Realistic CSI estimation – No PDSCH RE muting for CSI-RS (left pattern in Fig.1);
FR3:


Realistic CSI estimation – PDSCH RE muting with FR=3 for CSI-RS (middle pattern in Fig.1);
FR12:

Realistic CSI estimation – PDSCH RE muting with FR=12 (right pattern in Fig.1).
Note: For simplicity, overhead from PDSCH muting is not considered here, all PDSCH RE muting only impact is realistic channel estimation over CSI-RS. Overhead of PDSCH muting is one factor to keep in mind to further balance the gains of RE muting.
3 Simulation results
The simulations results are presented in figures and tables below. Detailed assumptions are given in Appendix. As agreed we focus here on stage 2 results, i.e. on throughput performance. Baseline simulation is done with ideal CSI-RS channel estimation and we then compare that to cases with realistic channel estimation for different frequency reuse factor (1, 3 and 12) and number of eNB transmit antenna (2 and 4). We provide both the average UE throughput per sector and the throughput at the 5%-tile of the throughput CDF (2 Tx: Fig. 2, 4 Tx: Fig. 3) for all the cases and calculate the relative loss over baseline (2 Tx in Table 1, 4 Tx in Table 2). The analysis of the simulation results can be found in next section.
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Fig. 2 JP Throughput under different CSI-RS muting pattern (2 Tx).
	JP througput 
	Mean 
	5%  cell-edge

	Ideal CSI
	0%
	0%

	Realistic CSI estimation: No muting
	-16.4%
	-31.9%

	Realistic CSI estimation: muting FR=3
	-1.5%
	-6.5%

	Realistic CSI estimation: muting FR=12
	-0.58%
	-2.6%


Table. 1 2 Tx JP performance for different reuse factor.
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 Fig. 3 JP Throughput under different CSI-RS muting patterns (4 Tx).
	JP throughput 
	Mean 
	5% cell-edge

	Ideal CSI
	0%
	0%

	Realistic CSI estimation: no muting
	-23.8%
	-36.3%

	Realistic CSI estimation: muting FR=3
	-2.2%
	-6.7%

	Realistic CSI estimation: muting FR=12
	-0.74%
	-2.01%


Table. 2 4 Tx JP throuhgput performance for different reuse factors.
4
Observations
· The performance impact from PDSCH muting is quite similar in both 2 Tx and 4 Tx cases. 
· In case of no PDSCH muting, obvious performance degradation has been found compared to ideal CSI knowledge.
· In case of PDSCH muting with FR=12, the JP performance is quite close to that of ideal CSI case. 

· The performance of PDSCH muting with FR=3 only degrades a little bit compared to FR=12 case. 
5
Conclusions

In this contribution we have presented simulation results on the benefits of PDSCH RE muting in relation to inter-cell CSI estimation when using joint-processing CoMP technology. The results indicate the following: 
· PDSCH muting is a necessity if one wants to make use of inter-cell CSI-RS for CoMP, both for coordinated beamforming and joint-processing.
· Current results show that frequency reuse factor 3 is enough to maintain intra-site CoMP performance. However to make sure that the CSI-RS solution in Rel-10 is future proof we should still consider whether higher reuse factors should be supported in terms of muting.
· Detailed PDSCH muting configuration should consider proper balance between signalling complexity, flexibility and future proofness, overhead as well as legacy impact, which should be decided after single-cell CSI-RS configuration signalling is agreed.
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Appendix – Simulation parameters
	Parameter
	Value

	　
	JP

	System BW
	10 MHz (600 active sub-carriers,  50 PRBs)

	Collaboration area (CA)
	Intra-site 3 Sectors

	Channel model
	3GPP Case1 , 3D antenna tilting (15°) (High Spread) 
Simple SCM, coherence=0.97

	Traffic model
	Full buffer 

	Antenna Scheme per Cell
	4/2 TX by 2 Rx

	Channel estimation error for Decoding
	Realistic, errors included in the Rel. 8 L2S interface

	HARQ
	Adaptive and asynchronous, non-blanking HARQ (default). 

	
	8 SAW channels per CW with ideal Chase combining @ UE (LTE-A)

	Scheduling Scheme
	FDPS+SDPS

	ACK/NACK, CSI delay
	4 TTI = 4 ms, 6 TTI = 6 ms 

	Feedback
	Un-quantized main Eigen vector for each subband(3 PRBs)

	User per cell 
	10

	Overhead
	No additional overhead, same as the single cell (2CRS ports+2 DMRS ports)


	PDCCH overhead
	3 OFDM symbols per TTI. 

	Rank Adaptation
	Rank Adaptation
2Tx: 16% Rank2 UE           4Tx: 31% Rank2 UE
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