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1 Introduction
In RAN1 #60, it was agreed that CSI RS design should allow for accurate inter-cell measurements [1]. In the agreed simulation assumptions [2], data muting need to be evaluated in following two aspects based:

· Impact on Rel-8 legacy UE
· Muting benefit for intra-site CoMP UE
· 1st Step: MSE of inter-cell CSI measurement 
· 2nd Step:  muting benefit to intra-site CoMP CBF UE.
Since the muting impact on Rel-8 legacy UE had been comprehensively discussed and corresponding results had been presented in last meeting [3], this contribution focused on the evaluation of muting benefit to intra-site CoMP UE.

Based on the simulation result in this contribution, following proposal is given:

· Proposal: To obtain accurate inter-cell measurement in CoMP or pico-cell measurement in HetNet, muting data REs should be configurable, such that the PDSCH REs colliding with CSI RSs of neighboring cells within a cell cluster are muted.
2 Evaluation of benefit to intra-site CoMP UE
2.1 1st step: MSE of inter-cell CSI measurement
Data muting is to mute the data symbol on the REs colliding to the CSI RSs of neighboring cells within a cell cluster, such that the strong interference of the data from the serving cell or normal cell to the CSI-RS in the coordinated cells, and vice versa. Excluding interference by data muting in the REs colliding to CSI RSs in neighboring cells is an effective way to manage the measurement accuracy in an acceptable level. 
To clarify it, an evaluation is given by which the mean square errors (MSE) of the channel estimation for muting and non-muting are simulated. The assumptions are given in the Table 2 of Appendix A, and the results are given in Figure 2. As shown in Figure 2, the tolerable MSE is determined to be less than 0.2 with the assumption that all UEs can obtain appropriate CSI measurement of serving cell except 5% cell-edge UE. By figure 2, we can find that the almost no inter-cell CSI measurement (second and third cell) can achieve appropriate accuracy (< 0.2) with non-muting approach. On the other hand, with the data muting approach, the more than 35% and 45% inter-cell CSI measurement for second and third cell can fulfill accuracy requirement respectively which is a wide range to cover almost all CoMP UE. 
For comparison, the result of CRS-based CSI measurement is shown in Figure 3 in which we can see that the CRS can achieve better performance than CSI RS without muting but still not guarantee the accuracy of  inter-cell CSI measurement.  
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Figure 2: MSEs by CSI RS with data muting and non-muting
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Figure 3: MSEs by CRS 

Observation:
· CRS : inter-cell CSI measurement can not achieve appropriate accuracy, with 80% and 97% UEs have worse than 0.2 MSE of CSI estimation for the 2nd and 3rd strongest cells.
· CSI RS without muting: no inter-cell CSI measurement (2nd and 3rd cell) can achieve accuracy, almost all the UEs have worse than 0.2 MSE of CSI estimation for the 2nd and 3rd strongest cells. 
· CSI RS with muting: more than 45% (2nd cell) and 35% (3rd cell) UEs can fulfill accuracy requirement of inter-cell CSI measurement with MSE lower than 0.2, which is large enough to cover all the CoMP UEs.  
2.2 2nd step: Muting benefit to intra-site CoMP CBF UE

In 2nd step evaluation, CBF with best PMI companions is used as a basic CoMP scheme to further show the potential benefit of muting to intra-site CoMP UE. 
In this simulation, the CBF with best PMI companions as mentioned in [4] that explicitly models the radio links between the UE and multiple cells was used. UEs were randomly dropped in the network of system simulator. Several UEs were selected in system level simulator and the corresponding links of the serving and 7 strongest interfering cells are explicitly modeled in link simulator respectively while other interfering cells was modeled by white background noise. The selected UE are shown in Figure 4 in which 5th , 10th and 30th  percentile UEs represent cell-edge UEs and 50th , 90th UEs are are selected to shown the performance cell-center UEs. 
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Figure 4 Selected UEs in system level simulator for link simulation
Other assumptions/algorithms are described as below, while more detailed simulation parameters are listed in Table 3:
· By best-PMI CBF scheme, the reuse factor of CSI RS is set to 3 to guarantee intra-site CSI RS orthogonal to each other. The CoMP cooperating set was assumed to be the 3 cells within a site.  
· Based on the measured channel, UE reports the best companion PMI for the intra-site neighboring cells. For the intra-site neighboring cells, the recommended companion PMI is used. 
· Feedback and scheduling delay were modeled explicitly. 
· Link adaptation with OLLA (Outer Loop Link Adaptation) was used to set the MCS. 
· For interference estimation in CQI estimation, RS-based interference estimation scheme is assumed by which the interference suffered by RS REs is measured and used to calculate CQI. In this simulation, OLLA is always used for CSI RS muting, non-muting and CRS as the only method to track and adjust interference misestimating. 
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Figure 5 UE throughput gain 

Figure 5 gives the UE throughput gain of three schemes in which CSI RS without muting is taken as a reference case. By this figure, we can see that CSI RS with muting had an obvious gain for cell-center UE (6.6% for 90-th percentile UE , 10.7% for 50th percentile UE) and large cell-edge user throughput gain(37% for 5th percentile UE, 39% for 10th percentile UE and 59% for 30th percentile UE)  over non-muting scheme. On the other hand, the CRS-based scheme had much less gain compared with CSI RS without muting. 
2.2.1 Analysis of the interference and CQI measurement with data muting
As mentioned above, in this simulation, the interference and CQI measurement is based on the actual suffered interference by CSI RS or CRS REs so that an interference underestimation may be introduced while muting is used. However, by the simulation result we can see that this problem can be easily solved while OLLA is used with reuse factor is 3. OLLA is quite useful to track and adjust such mis-estimation based on the following reasons:

· The interference estimation error due to neighboring cell RE muting is quite stable with a fixed negative bias, which results in a quite stable quantity of CQI overestimation.
· A stable CQI overestimation can be easily recovered by OLLA.  A stable CQI overestimation results to frequent NACKs, i.e. quick convergence of OLLA with a decreasing MCS adjustment step. After quickly catching the actual CQI by OLLA, there is no need to further frequently track the interference variation due to RE muting. 
Besides OLLA, the interference est. method based on CRS [5] also can solve this problem and some further study is needed. 
There was a proposal to do inter-cell interference measurement based on CSI-RS with high reuse factor for low-load scenario specifically. In that case, it is the operators’ freedom to configure off muting if such a solution is believed to benefit the low-load scenario. In some other scenarios, muting can be configured when inter-cell CSI measurement is needed to enhance the cell throughput with maximizing the usage of the spectrum resources, e.g. CoMP and HetNet. It is up to the eNB to configure whether muting is enabled in certain scenarios.
Observation:

· CSI RS with muting has obvious benefit to intra-site CoMP CBF UE:

· CSI RS with muting has obvious gain to cell-center UE:6.6% for 90th percentile UE , 10.7% for 50th  percentile UE
· CSI RS with muting has large gain to cell-edge  UE: 37% for 5th percentile UE, 39% for 10th percentile UE and 59% for 30th percentile UE
· CRS has slight gain for intra-site CBF over CSI RS without muting.
· The interference measurement issue in CQI due to RE muting in neighboring cells can be easily solved by some simple ways as OLLA or CQI/interference compensation.

3 CSI RS working dynamic range in CoMP and HetNet

As a complementation of above results, we look into the inter-cell CSI RS working dynamic range of muting and non-muting approach for CoMP and HetNet scenarios [6]. In CoMP measurement set, the pathloss difference among strongest cell and weak cells might be up to 10 dB, i.e. to support the channel measurement of other cells in the CoMP measurement set with enough accuracy, the working dynamic range of SINR for CSI-RS can be very low. In HetNet scenario, there can be a similar problem if UEs select pico cells as serving cell while macro cells have strong interference on CSI RS of pico cells.

Figure 6 explicitly shows the actual experienced SINR geometry by CSI RS from weak coordinated cells and pico cells in CoMP and HetNet respectively. The left sub-figure shows the SINR CDF of CSI RS from strongest serving cell (red curve) and second strongest coordinated cell (blue curve). In the right sub-figure, the red curve (RSRP based serving cell) means that UE select its serving cell only based on RSRP strength. On the other hand, while the TX-power difference between normal cells and pico cells considered, UE may reselect serving cell by RSRP adjustment for pico cells which is called range expansion. That is, RSRP from pico cells would be increased by a certain offset to compensate the TX power difference so that pico cell can be selected to be serving cell even RSRP is lower than normal cell. While range expansion is assumed, blue and green curves represent the CSI RS geometry after cell reselection with 9dB and 16dB RSRP adjustment respectively. Also referring to Figure 1, the dashed lines represent the corresponding CSI RS SINR geometry with data muting. Data muting can improve the CSI RS SINR of coordinated or pico cells up to 10~15 dB which make the CSI measurement much more reliable.
Observation:

·  The working dynamic range of SINR for CSI RS can be very low (< -3dB) for CoMP or HetNet scenario and in this region it is impossible to obtain appropriate CSI measurement quality even interference randomization is used.
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Figure 6: working dynamic range of SINR for CSI RS in CoMP and HetNet
To conclude this section, it is proposed that:

· Proposal: To guarantee inter-cell CSI measurement quality, data muting would be used by which the PDSCH REs that collide with CSI RSs of neighboring cells within a cell cluster are muted.
4 Conclusion
In this contribution, the evaluation of data muting as scheme to guarantee inter-cell measurement quality was given to show the benefit to CoMP UE inter-cell measurement, summarized as below:
· The inter-cell CSI measurement accuracy based on CRS and CSI RS without data muting is unacceptable, while the inter-cell CSI measurement accuracy based on CSI-RS with data muting is good enough to support intra-site CoMP.

· CRS : inter-cell CSI measurement can not achieve appropriate accuracy, with 80% and 97% UEs have worse than 0.2 MSE of CSI estimation for the 2nd and 3rd strongest cells.
· CSI RS without muting: no inter-cell CSI measurement (2nd and 3rd cell) can achieve accuracy, almost all the UEs have worse than 0.2 MSE of CSI estimation for the 2nd and 3rd strongest cells. 
· CSI RS with muting: more than 45% (2nd cell) and 35% (3rd cell) UEs can fulfill accuracy requirement of inter-cell CSI measurement with MSE lower than 0.2, which is large enough to cover all the CoMP UEs.  
· Muting has obvious benefit to CoMP CBF UE.  
· CSI RS with muting has obvious gain to cell-center UE:6.6% for 90th percentile UE , 10.7% for 50th  percentile UE
· CSI RS with muting has large gain to cell-edge  UE: 37% for 5th percentile UE, 39% for 10th percentile UE and 59% for 30th percentile UE
· CRS has slight gain for intra-site CBF over CSI RS without muting.
· The interference measurement issue in CQI due to RE muting in neighboring cells can be easily solved by some simple ways as OLLA or CQI/interference compensation.
Although CoMP and some other scenarios that require inter-cell CSI measurement will be introduced in future release, the data muting configurability should be supported in Rel-10 to avoid future damage on Rel-10 UE performance. Otherwise, without awareness of data muting position, Rel-10 UE will still map transmit block to muted REs which will cause similar performance loss as that suffered by Rel-8 UE with intra-cell CSI RS puncturing. Accordingly, it is proposed for inter-cell CSI RS design:
· To obtain accurate inter-cell measurement in CoMP or pico-cell measurement in HetNet, muting data REs should be configurable, such that the PDSCH REs colliding with CSI RSs of neighboring cells within a cell cluster are muted.
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Appendix A: simulation assumption for CSI measurement quality

Table 1 Simulation Assumptions for Figure 1
	Transmission Bandwidth(Hz)
	5M

	Channel Model
	SCM-C, with 3 km/h 

	Duty-cycle of CSI-RS
	10 ms

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Transmission Rank
	1

	Number of Control Symbols
	3

	Number of CRS antenna ports
	Same as tx number

	Number of CSI RE per port per PRB
	1

	CQI and precoding granularity 
	Frequency selective (over 4RB)

	Transmit precoding
	Rel-8 closed-loop codebook-based precoding

	CQI/PMI reporting delay
	4 ms reporting delay and 3 ms scheduling delay

	Channel estimation algorithm 
	Wiener 


Table 2 Simulation Assumptions for Figure 2/3
	Transmission Bandwidth(Hz)
	5M

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Total BS TX power (Ptotal)
	46dBm

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Number of CRS antenna ports
	4 per cell

	Number of CSI-RS ports
	4 per cell

	Number of muting cells
	Intra-site muting

	Channel estimation algorithm 
	Wiener 


Table 3 Simulation Assumptions for Figure4
	Transmission Bandwidth(Hz)
	5M

	Cellular Layout
	Hexagonal grid, 7 sites, 3 sectors per site

	Transmit antenna configuration
	4 Tx per cell

	Receive antenna configuration
	2 Rx

	Channel model, UE velocity,
	SCM – 3 km/h

	PDCCH length
	3 symbols

	Channel estimation for PMI/CQI computation
	2D Wiener channel estimation on CSI-RS or Rel’8 CRS

	Channel estimation for demodulation
	ideal on LTE Rel-10 DM-RS

	Detector
	MMSE receiver

	Modulation, code rates
	Link adaptation over Rel’8 MCS

	HARQ
	IR used

	Precoding
	4-bit Rel’8 codebook

	Feedback
	1 PRB granularity, 5 ms delay

	Transmission rank
	1 
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