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1. Introduction

This contribution provides step-2 results (throughput) to evaluate the benefit of PDSCH muting to intra-site CoMP UEs under the agreed assumption described in [1]. Furthermore, the influence on legacy (Rel-8/9) UEs and the impact on the specifications are also discussed. 
2. Throughput Performance Evaluation
2.1. Simulation Setup

This section evaluates the throughput performance of Rel-10 UEs assuming intra-site CoMP SU-MIMO transmission in order to clarify the benefit of PDSCH muting. To evaluate the throughput performance of the intra-site CoMP, a multi-cell link simulation is conducted as well as [2]. Antenna configurations at each eNodeB and UE are co-polarized with the spacing of 0.5. 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 [3]. The cell layout is assumed to be a hexagonal grid, assuming 19 cell sites with 3 cells, i.e., sectors per site (total 57 cells). UEs are uniformly distributed in the 57 cells. CoMP transmission among three co-located cells is evaluated. The channel-domain scheduling algorithm is not considered, i.e., one UE that selects each of the three co-located cells is randomly chosen as shown in Fig. 1. A link simulation is performed between each UE and its serving cell as well as the co-located neighboring cells. The interference level from 19 cell sites with 3 cells per site is calculated in the system level simulation, and then actual OFDM signals are generated for the 3 cells of interest and the signals from other surrounding 18x3 cells are assumed as “white” background noise in the link level simulation. The CSI-RS pattern used in the simulation is CDM-T. The CSI-RS density is 1 RE/PRB/antenna port, which was agreed upon in [4]. Full power utilization is adopted with power boosting of the CSI-RS over the PDSCH at each Tx antenna [5]. However, no additional power boosting is assumed for muted REs in the evaluation. A CoMP set is assumed to consist of three cells at the same site. Outer-loop link adaptation (OLLA) is adopted with the target BLER of 10%. The other simulation conditions are given in the Annex, which are based on [3], [6], and [7]. In the evaluation, a Rank-1 transmission is assumed for all UEs.
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Figure 1 – Intra-site CoMP model

The following interference and noise power estimation schemes using CSI-RS or CRS are adopted in this simulation. 

· CRS or CSI-RS without muting

· Using MMSE channel estimation filter output [8]

· CSI-RS with muting

· Alt.1: Using MMSE channel estimation filter output

· Alt.2: Using muted REs as shown in Fig. 2

In the case of CSI-RS with muting, two methods are used. Alt. 1 estimates the interference and noise power excluding the interference power within the CoMP set since the received CSI-RS signals from the serving cell are not influenced by the signals from the muting cells. On the other hand, Alt. 2 can estimate the interference power including that from the muting cells. Although the noise power including the interference power from the other cells without the CoMP set becomes double in Alt. 2, it may not be a serious problem because the interference power from the muting cells within the CoMP set would be dominant.
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Figure 2 – Interference and noise power estimation using muted REs

In this contribution, the following CoMP SU-MIMO transmission schemes are employed.

· Best companion PMI selection [9]

In this algorithm the UE is assumed to select the best PMI in the serving cell and the worst PMI in the neighboring cells based on the estimated CSI of the serving cell and the neighboring cells using the CSI-RS or CRS. This algorithm minimizes the interference power of the link between each of the neighboring cells in the CoMP set and the UE in the serving cell. In this evaluation, the UE throughput is evaluated assuming that the selected PMI is used, although the UEs in the neighboring cells are not taken into account.

· Coordinated Scheduling / Coordinated Beamforming (CS/CB) 

In this evaluation, an MMSE precoder, which maximizes the SINR of the link between each UE within the CoMP set and each UE’s serving cell, is assumed in the CS/CB scheme. Assuming that the number of cells within the CoMP set is three, the MMSE precoding weight of the i-th cell within the CoMP set, Vi, is calculated as follows. 
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Here, Hij is expressed as the channel matrix between the i-th cell and the UE that selects the j-th cell within the CoMP set, and Gij is defined as the composite channel matrix between the i-th cell and the UE that selects the j-th cell. Here, Uij is the matrix comprising the eigen vectors (or the one eigen vector corresponding to the maximum eigen value when Rank-1 transmission is used) of HijHijH. Z is the diagonal matrix comprising the interference power from the other cells without the CoMP set, Ii, and the noise power at the i-th UE, Ni. Vi is (the number of Tx antennas at each eNodeB) x (the number of transmission ranks x 3) matrix, and Vii, is used as the precoding matrix for the UE at the i-th cell. 

To employ this CS/CB scheme, the estimated CSI of the link between all of the cells and all of UEs within the CoMP set are needed at the eNodeBs. In this evaluation, it is assumed that the estimated channel is directly fed back without quantization.

2.2. Simulation Results

· Best companion PMI selection

Fig. 3(a) and Fig. 3(b) show the UE throughput performance of all UEs and the sector boundary UEs, for 2 Tx antennas at each eNodeB, respectively. Note that in this contribution, UEs whose path loss to the neighboring cells are within 10 dB compared to that of the serving cells are defined as a sector boundary UE.
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(a) Performance of all UEs                               (b) Performance of sector boundary UEs

Figure 3 – CDF of UE throughput using best companion PMI selection (2 Tx antennas at each eNodeB)
When the best companion PMI selection is used as a CoMP transmission scheme, it is shown that the throughput performance of CoMP transmission using CRS is improved compared to the others in the lower throughput region, that is, at the cell edge. This is because the effect of beamforming is larger than that for nullsteering at the cell edge, so the accuracy of the CSI measurement in the serving cell is more important than that in the neighboring cells. From the MSE evaluation in [2], it was clarified that in a high MSE region where channel estimation accuracy is degraded, CRS provides the highest CSI measurement accuracy. Therefore, the performance of CRS is the best at the cell edge when CoMP is applied among three co-located cells. On the other hand, the performance of CSI-RS with muting becomes more effective when a UE is located closer to the cell center (but probably still at the sector boundary according to the enhanced improvement in Fig. 3(b)). This is because in such a case the effect of nullsteering to/from a neighboring cell is larger than that from beamforming, so the accuracy of CSI measurement in the neighboring cells is more important than that in the serving cell at the cell center. Comparing the performance of CSI-RS with muting using Alt. 1 to that using Alt. 2, the performance levels are almost the same since the interference and noise power estimation error only affect the MCS selection in the best companion PMI selection scheme and OLLA can correct the interference and noise power estimation error.

Fig. 4(a) and Fig. 4(b) show the UE throughput performance of all UEs and the sector boundary UEs for 4 Tx antennas at each eNodeB, respectively. The tendency of throughput performance for 4 Tx antennas is almost the same as that for 2 Tx antennas. However, it is shown that the effect of muting becomes larger than that for 2 Tx antennas at the eNodeB.
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(a) Performance of all UEs                              (b) Performance of sector boundary UEs

Figure 4 – CDF of UE throughput using best companion PMI selection (4 Tx antennas at each eNodeB)
· Coordinated Scheduling / Coordinated Beamforming (CS/CB)
Fig. 5(a) and Fig. 5(b) show the UE throughput performance of all UEs and the sector boundary UEs for 2 Tx antennas at each eNodeB, respectively.  When CS/CB is used as the CoMP transmission scheme, it is shown that the overall gain by applying CoMP transmission becomes small compared to the case when using the best companion PMI selection. This is because the best companion PMI scheme assumes that UEs scheduled in the neighboring cells are suited to the selected PMI by the UE in the serving cell; therefore, the CS/CB scheme assumed in the evaluation seems to be a more realistic scheme compared to the best companion PMI selection assumed in the evaluation. However, the effect of muting can be observed at least for CoMP UEs as shown in Fig. 5(b). Comparing the difference in interference and noise estimation schemes for CSI-RS with muting, the performance of Alt. 1 is better than that for Alt. 2, especially in Fig. 5(b). This is because the MMSE precoding weight calculation explicitly takes into account the channel matrix of the neighboring cells within the CoMP set, and thus the interference power of the neighboring cells does not have to be included in the background noise power in calculating the MMSE precoding weight in (4).
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(a) Performance of all UEs                             (b) Performance of sector boundary UEs

Figure 5 – CDF of UE throughput using CS/CB (2 Tx antennas at each eNodeB)
Fig. 6(a) and Fig. 6(b) show the UE throughput performance of all UEs and the sector boundary UEs for 4 Tx antennas at each eNodeB, respectively. The tendency of the throughput performance for 4 Tx antennas is almost the same as that for 2 Tx antennas. 

[image: image13.png]CDF

Wi CoMP
=~ CS1-RS w/ muting (AILT)
06 | — CSIRS w/ muting (alt2)
—— CSL-RS wlo muting
——cRs
wio CalP
06— CSiRs
wia muting 4T
AllUEs
04 / /
y
02 4
V4
0
0o 05 1 5 2

UE throughput [Mbps]

25



 [image: image14.png]CDF

08

06

04

02

Sector boundary UEs

w/ CoMP

=+ CSI-RS wf muting (Al 1)
—— CSI-RS w/ muting (Al 2)
—— CSI-RS wio muting
— CcRs

wio CoMP
. CSIRS wio muting

05 1 15 2
UE throughput [Mbps]

25




(a) Performance of all UEs                              (b) Performance of sector boundary UEs

Figure 6 – CDF of UE throughput using CS/CB (4 Tx antennas at each eNodeB)
Based on the evaluation, the benefit of PDSCH muting in the throughput performance was observed, especially for the sector boundary UEs whose path loss to the neighboring cells are within 10 dB compared to that for the serving cells, when an intra-site CoMP SU-MIMO transmission is assumed. However, further evaluation is necessary since the Rank-1 transmission is assumed in the evaluation.  

3. Influence of Muting on Legacy (Rel-8/9) UEs

To discuss the influence of muting on legacy UEs, the following two cases are considered. 

· Case 1: When PDSCH muting is applied within a subframe used to transmit the CSI-RS of the serving cell
In this case, the number of punctured REs increases by applying muting. Therefore, the performance degradation is further increased compared to the case without muting. However, the additional performance degradation due to the muted REs is not significant compared to that when using CSI-RS REs.
· Case 2: When PDSCH muting is applied to subframes other than those transmitting the CSI-RS of the serving cell.
By applying muting to subframes different than those for transmitting the CSI-RS, the performance of a muted subframe is also degraded similarly to the CSI-RS subframe. This leads to further restriction of the eNodeB scheduler for Rel-8/9 UE assignment. Therefore, muting between subframes should be avoided as much as possible.
Based on the discussion above, according to the required reuse factor, muting should be performed within one CSI-RS subframe. If a higher reuse factor is required, multiple subframes are used for CSI-RS / muting. 
4. Impact of Muting on Specifications
4.1. Rate Matching
At the RAN1#60bis meeting, the influence of muting on Rel-10 UEs was discussed [10], [11], [12] and the following observation was captured in the chairman’s note.

· Transparent muting has an impact on Rel-10 UE
Therefore, similar to the CSI-RS case, rate matching for muted REs should be applied to avoid the performance degradation of Rel-10 UEs. 

4.2. Signaling to Support Muting

This section discusses the signaling to support muting in Rel-10. In order to support non-transparent muting for Rel-10 UEs, the UE must have knowledge of the muted REs explicitly or implicitly in the serving cell such as the muted RE location within a subframe, muted subframe offset, and duty cycle.

A simple method is to signal all the muted REs, i.e., CSI-RS location of neighboring cells, using the RRC signaling. If the overhead of such signaling is an issue, signaling overhead reduction schemes should be investigated. One example is the CSI-RS grouping using the nested structure as shown in Fig. 7, where muting is applied within a group of REs. In this case only one group index is necessary to indicate muted REs.
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Figure 7 – CSI-grouping using nested structure

5. Conclusion

This contribution evaluated the benefit of PDSCH muting to intra-site CoMP UEs. Our observations from the throughput evaluation results are given below.

· Throughput performance
· There is a benefit from PDSCH muting in the throughput performance, especially for the sector boundary UEs whose path loss to the neighboring cells are within 10 dB compared to that of the serving cells, when an intra-site CoMP SU-MIMO transmission with only Rank-1 transmission is assumed. 

· However, to confirm the benefit of PDSCH muting, the throughput performance with various CoMP transmission schemes and combinations with MU-MIMO should be evaluated.
· Specification impact
· Similar to the CSI-RS case, rate matching for muted REs should be applied to avoid performance degradation in the Rel-10 UEs if muting is applied.
· UEs must have knowledge regarding the muting parameters explicitly or implicitly such as the muted RE location within a subframe, muted subframe offset, and duty cycle.
· If the overhead of such signaling is an issue, signaling overhead reduction schemes should be investigated such as CSI-RS grouping using a nested structure.
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Annex

Table 1 – Simulation Conditions (System Level)

[image: image16.emf]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 Subframe length

2 or 4 Number of transmitter antennas

1 Number of UEs per cell

2 Number of receiver antennas

9 dB UE noise figure

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 Subframe length

2 or 4 Number of transmitter antennas

1 Number of UEs per cell

2 Number of receiver antennas

9 dB UE noise figure


Table 2 – Simulation Conditions (Link Level)
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