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1. Introduction 

PDSCH resource element (RE) muting for CSI-RS is a process where an eNB mutes REs corresponding to the CSI-RS location of other cells in order to avoid collision between the PDSCH and CSI-RS, which effectively improves the hearability of the CSI-RSs of the neighboring cells as well as the serving cell. The following issues regarding PDSCH muting were summarized at the RAN1 #60 meeting:

· Consideration of the impact of muting on UE interference measurement

· Consideration of the impact on Rel-8 UEs
· Power reallocation of muted REs is FFS

This contribution evaluates the benefit of PDSCH muting to intra-site CoMP UEs under the agreed assumption described in [1].

2. Inter-cell CSI-RS Design with PDSCH Muting

Among synchronized cells, PDSCH muting ensures orthogonality among inter-cell CSI-RSs, which can improve the channel estimation accuracy of inter-cell channel estimation. On the other hand, muted REs represent additional interference to Rel-8 UEs. Muting will also affect Rel-10 UEs if the eNB does not signal the Rel-10 UE regarding the muted RE location. In order to minimize the negative impact on Rel-8 UEs, it is desirable to keep the number of CSI-RS-affected subframes as small as possible. Thus, our preference is that the PDSCH muting be applied to a set of CSI-RSs that are multiplexed within a RB, i.e., the CSI-RS in a CoMP set as shown in Fig. 1. Among non-synchronized cells, the PDSCH muting cannot ensure orthogonality. Thus, PDSCH muting, if supported, should be configurable by the network.
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Figure 1 – Example of inter-cell CSI-RS design with PDSCH muting within a 3-cell CoMP set
3. Performance Evaluation of PDSCH Muting Benefit to Intra-site CoMP UE
This section evaluates the performance of Rel-10 UEs assuming an intra-site CoMP SU-MIMO transmission using coordinated beamforming (CBF) in order to clarify the benefit of PDSCH muting. To evaluate the performance of the intra-site CoMP using CBF, a multi-cell link simulation is conducted. Antenna configurations at each eNB and UE are co-polarized with 0.5spacing. The channel model is assumed to be the SCM Urban Macro high spread model. These assumptions are in line with the intra-site CoMP evaluation assumption described in [2]. The cell layout is assumed to be a hexagonal grid, assuming 19 cell sites with 3 cells per site (total 57 cells). UEs are uniformly distributed in the 57 cells. The UE scheduling algorithm is not considered, i.e., one UE is randomly chosen and a link simulation is performed between the UE and the site with the selected cell and co-located neighboring cells. The CBF algorithm is assumed with the best PMI companions, where the UE in the serving cell selects the rank-1 PMI, which minimizes the interference power of the link between each of the neighboring cells in the CoMP set and the UE based on CSI-RS from each of the neighboring cells. In this contribution, a CoMP set is assumed to consist of the three cells at the same site. As the codebook for CBF, the Rel-8 SU-MIMO codebook is assumed. The CSI-RS pattern used in the simulation is shown in Fig. 2. Although FDM pattern is evaluated in this simulation, the performance of FDM pattern is almost the same that of CDM-T pattern. The CSI-RS density is 1 RE/PRB/antenna port, which was agreed in [3]. Full power utilization is adopted with power boosting of the CSI-RS over the PDSCH at each Tx antenna [4]. The other simulation conditions are given in Table 1, which are based on [1][2][5].
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(a) 2 Tx antennas at eNB
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(b) 4 Tx antennas at eNB
Figure 2 – CSI-RS design for Cell #1
Table 1 – Simulation Conditions
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Channel estimation for CSI generation 2D-MMSE channel estimation

35 m Minimum distance between UE and cell site

500 m Inter-site distance

Hexagonal grid, 19 cell sites, 3 cells per site Cell layout

50 m Correlation distance of shadowing

8 dB Shadowing standard deviation

128.1 + 37.6log

10

(r) dB Distance dependent path loss

3 km/h (5.55 Hz) UE speed (Maximum Doppler frequency)

SCM Urban Macro Channel model

0.5 (Inter-site) / 1.0 (Intra-site) Shadowing correlation

3D pattern (Refer to TR 36.814) Antenna pattern

20 dB Penetration loss

0 dBi UE antenna gain

14 dBi Transmitter antenna gain plus cable loss

43 dBm Total transmission power

4.5 MHz Transmission signal bandwidth

5 MHz System bandwidth

2 GHz Carrier frequency

-174 dBm /Hz Thermal noise density

1.0 msec Sub-frame length

2 or 4 Number of transmitter antennas

1 Number of UEs per cell

2 Number of receiver antennas

9 dB UE noise figure

3 dB / 3dB (2 Tx) or 6 dB / 3 dB (4 Tx) CSI-RS / CRS power boosting

Scheduling in time domain Scheduling in every downlink subframe

Number of allocated PRBs 4 PRBs (contiguous allocation)

Precoding/feedback granularity 4 PRBs

Transmit precoding/feedback Rel. 8 codebook

Transmission rank Rank 1

Common reference signal configuration

2 port Rel-8 CRS in every subframe (2 Tx) or 

4 port Rel-8 CRS in every subframe (4 Tx)

CSI-RS allocation Full bandwidth, single subframe

Channel estimation for CSI generation 2D-MMSE channel estimation


First, the mean squared error (MSE) performance of Rel-10 UEs is evaluated when CSI-RS with or without PDSCH muting, or Rel-8 CRS is used for channel estimation. Figures 3 and 4 show the cumulative distribution function (CDF) of the normalized MSE and the average normalized MSE of estimated channels for each case at each cell. Note that the normalized MSE is defined as follows. 
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(1)
where hi,j(k,l) is the true channel coefficient of the k-th subcarrier and the l-th OFDM symbol between the i-th Rx antenna at UE and the j-th Tx antenna at eNB, and EQ \* jc2 \* "Font:Times New Roman" \* hps12 \o\ad(\s\up 11(^),h)i,j(k,l) is the estimated channel coefficient. In Figs. 3 and 4, Cell #1 indicates the serving cell, and Cell #2 and Cell #3 indicate the neighboring cells in the CoMP set. Moreover, the neighboring cells are ranked according to the Reference Signal Received Power (RSRP). Therefore, the RSRP of Cell #2 is always higher than that for Cell #3. 
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(a) 2 Tx antennas at eNB                                           (b) 4 Tx antennas at eNB

Figure 3 – CDF of channel estimation MSE for each cell
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(a) 2 Tx antennas at eNB                                           (b) 4 Tx antennas at eNB 
Figure 4 – Average channel estimation MSE for each cell 
It is shown that the MSE performance of CSI-RS with PDSCH muting is degraded compared to CRS for the serving cell since the RS density of the CRS is much denser than that for the CSI-RS. However, the MSE performance of CSI-RS with PDSCH muting outperforms that of CSI-RS without PDSCH muting and CRS for the neighboring cells. This is because the interference from the PDSCH of the neighboring cells within the CoMP set can be avoided by PDSCH muting.
Additionally, the PMI selection error rate performance of Rel-10 UEs is evaluated when CSI-RS with or without PDSCH muting, or CRS is used for channel estimation. Figure 5 shows the PMI selection error rate of each case for each cell.
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(a) 2 Tx antennas at eNB                                           (b) 4 Tx antennas at eNB
Figure 5 – Average PMI selection error rate for each cell
It is shown that the PMI selection error rate of CSI-RS with PDSCH muting outperforms that for CSI-RS without PDSCH muting and CRS for the neighboring cells in the CoMP set as well as for the MSE performance. These results clarify that there is a benefit to PDSCH muting in CSI-RS transmission for intra-site CoMP UEs in terms of the MSE and PMI selection performance. However, to confirm the benefit of PDSCH, the throughput performance with various CoMP transmission schemes should be evaluated.
4. Conclusion

In this contribution, we investigated the benefit of PDSCH muting to intra-site CoMP UE. Our observations from the evaluation results are given below.

· There is a benefit to intra-site CoMP UEs in terms of MSE and the PMI selection error rate in PDSCH muting, 
· however, to confirm the benefit of PDSCH muting, the throughput performance with various CoMP transmission schemes should be evaluated.
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