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1
Introduction
In RAN1#60, impacts and benefits of PDSCH RE muting on inter-cell CSI measurements were extensively discussed. Related to this, the only conclusion was to initiate evaluations of the benefits of such RE muting:
· “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”

In the meeting and in the subsequent e-mail discussion, simulation assumptions for the evaluation of RE muting were agreed [1]. The evaluation proceeds in two steps: in the first step only the inter-cell channel estimation MSE impacts of RE muting are evaluated, while in the second step the benefits of RE muting to intra-site CoMP will be evaluated. Also the impact of additional RE muting to Rel’8 UEs is to be evaluated.

In this contribution we present our results and conclusions on the first step of the evaluation of PDSCH RE muting, as well as on the related impact to Rel’8 UEs. Second step evaluation results are presented in a companion paper [9].
2
Simulation setup
We simulated the channel estimation performance in a 3GPP Case 1 scenario. The simulated CSI-RS patterns are shown in Appendix 1. Some of the patterns do indeed go beyond current RAN1 agreements in order to see possible achievable performance (in this case achievable MSE) with muting. Also we note that our simulations were now run with FDM-based patterns, but with similar densities and muting reuse factors one could expect very similar performance also with CDM-T-based patterns [7] in case the large power offsets required by FDM are deemed infeasible by RAN4. The patterns used in this study are summarized as follows:
· FDM with 1 RE/PRB/port, muting with reuse factor 8: Here, altogether 14 REs are nulled in each PRB, leaving room for 16 orthogonal antenna ports, hence the reuse factor was 8 with 2Tx ports per cell. Power is efficiently (fully) utilized, i.e. there was a 10log(8)=9 dB boost for each antenna port. There were no frequency shifts for the cells outside the set of 8 cells, thus the only thing separating the CSI-RS of different clusters of 8 cells was the quasi-orthogonal RS sequence. The pattern is shown in Figure 4 in Appendix 1.
· FDM with 2 RE/PRB/port, muting with reuse factor 3: In this case the power boost applied to the CSI-RS REs is 10log(3)=4.8 dB. There were two possible frequency shifts for the whole set of 3 cells, i.e. altogether 6 different locations for the CSI-RS REs. For the colliding CSI-RS, quasi-orthogonal sequences were applied. The pattern is shown in Figure 5.
· FDM with 1 RE/PRB/port, muting with reuse factor 3: Again the power boost applied to the CSI-RS REs was 10log(3)=4.8 dB. Now there were four possible frequency shifts for the whole set of 3 cells, i.e. altogether 12 different locations for the CSI-RS REs. For the colliding CSI-RS, quasi-orthogonal sequences were applied. The pattern is shown in Figure 6. 
· FDM with 2 RE/PRB/port, no muting: Here the pattern is the same as in Figure 5 but without muting and without power boosts – only the frequency shifts are applied.
· FDM with 1 RE/PRB/port, no muting: Here the pattern is the same as in Figure 6 but without muting and without power boosts – only the frequency shifts are applied.
Additionally we simulated the inter-cell channel estimation performance with Rel’8 common reference signals for 2 Tx. In this case, neither frequency shifts nor power boosting were used for potentially improving the channel estimation performance.

Simulations were run on a multi-cell link simulator that explicitly models the radio links between the UE and each base station. The CSI-RS reuse pattern was planned and optimized around the center cell separately for each reuse factor – in case of reuse factor 3 the clusters of three orthogonal cells were the three sectors of each site. UEs were dropped in the network such that a sector in the center site of the network is the best quality cell. The agreement was to focus on intra-site CoMP, hence we measured CSI only for those cells within the center site that fell within a 10 dB power window. Most of the time only one cell in the center site falls within the power window, i.e. UE is not in the CoMP mode. Only roughly 20 % of the time 2 cells are above the threshold. 
More detailed simulation parameters are shown in Table 1 below.
Table 1. Simulation parameters for the CSI estimation study.

	Parameter description
	Value / Comment

	Network model, inter-site distance
	3GPP Case 1, 500 m

	Transmission bandwidth
	10 MHz

	eNB antenna configuration
	2 Tx co-polarized, half-lambda spaced

	UE antenna configuration
	2 Rx co-polarized, half-lambda spaced

	Channel model, UE velocity
	SCM Urban Macro, 3 km/h

	Number of cells within CoMP measurement set
	1 – 3, depending on how many cells fall within the path loss window

	Path loss window for CoMP measurement set
	10 dB

	CSI-RS periodicity
	5 ms

	Channel estimation
	2D realistic channel estimation on CSI-RS or Rel’8 CRS

	Precoding codebook
	LTE Rel’8 2Tx codebook

	Precoder selection granularity
	1 PRB


3
Simulation results
We measured channel estimation MSE as outlined in [1] for the first step of the simulation campaign. Since MSE alone does not give yet a very good indication about the impact of channel estimation on PMI selection, we also measured the probability of selecting the correct PMI, which corresponds to the one selected with ideal channel estimates. This gives more knowledge about the actual potential impact of RE muting on inter-cell transmission schemes, even though throughput simulations will be required to see the real system-level impact. It is known that different CoMP schemes require different MSE levels, for example joint processing relies on more accurate channel estimation compared to coordinated beamforming.
Figure 1 and Figure 2 present our results. The legend in the figures is explained as follows:

· FDM 1RE R8 muting: FDM-based CSI-RS pattern, 1RE/PRB/port, muting used with reuse factor 8.
· FDM 2RE: FDM-based CSI-RS pattern, 2RE/PRB/port, no muting.
· FDM 2RE R3 muting: FDM-based CSI-RS pattern, 2RE/PRB/port, muting used with reuse factor 3.
· FDM 1RE: FDM-based CSI-RS pattern, 1RE/PRB/port, no muting.
· FDM 1RE R3 muting: FDM-based CSI-RS pattern, 1RE/PRB/port, muting used with reuse factor 3.
· CRS: Rel’8 CRS pattern for 2TX, no frequency shifts and no power boosting.
Figure 1 shows the results on channel estimation MSE and Figure 2 shows the results on average precoder error rate. In both figures, we show the results averaged over all UEs (left figure) as well as averaged over the CoMP UEs only (right figure). Since many UEs actually measure only the serving cell (80 %), one should also look at the channel estimation performance of CoMP UEs only – these are the UEs for which inter-cell channel estimation performance matters.
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Figure 1. Channel estimation MSE for cell #1 and cell #2 with different CSI-RS patterns and w/ or w/o muting. Left figure shows the MSE averaged over all UEs and the right figure shows the MSE averaged only over those UEs for which the RSRP of cell #1 and cell #2 are within 10 dB window.
[image: image3.jpg]FDM 1RE RS muting

FDM2RE

FDM 2RE R3 muting

FDM 1RE

FDM 1RE R3 muting

CRS

|

. el #
. cel 2

il

005

01

015 02 02
Average precoder error rate

03 03

04



[image: image4.jpg]FDM 1RE RS muting

FDM2RE

FDM 2RE R3 muting

FDM 1RE

FDM 1RE R3 muting

CRS

|

. el #
. cel 2

L

005

01

015 02 02
Average precoder error rate

03 03

04




Figure 2. Average PMI selection error rate for cell #1 and cell #2 with different CSI-RS patterns and w/ or w/o muting. Left figure shows the precoder error rate averaged over all UEs and the right figure shows the precoder error rate averaged only over those UEs for which the RSRP of cell #1 and cell #2 are within 10 dB window.

The results show that there is only a fairly small gain of muting compared to CRS if the reuse factor is 3. On the other hand, CSI-RS without muting performs the worst, so in case muting is not specified, it would probably be best for the UE to rely on CRS channel estimation even for CoMP (if specified). It is also noted that CRS-based channel estimation performance could potentially be improved further via frequency shifts or power boosts as defined in Release 8. On the other hand it is noted that with certain CoMP schemes utilization of CRS frequency shifts may incur higher overhead.
The results also show that if one really wants to benefit from PDSCH RE muting, the reuse factor should be made large enough, e.g. larger than the size of the CoMP measurement set. There is a clear gain in terms of MSE and average precoder error rate when going from reuse factor 3 to reuse factor 8. In fact, the pattern with reuse factor 8 and 1 RE/PRB/port performs even better than the pattern with reuse factor 3 and 2 RE/PRB/port. It is noted that accounting for these impact requires multi-cell link simulations, i.e. explicit modelling of interference coming outside of the CoMP measurement set. Note that this result is also inline with our earlier results in [2]

 REF _Ref244500709 \r \h 
 \* MERGEFORMAT [3].
4
Muted REs impact on Rel’8 performance

The second aspect when designing the muting operation is the impact on Rel’8 UEs performance. We have been presenting extensive simulation results on this topic in our previous papers [4]

 REF _Ref257799517 \r \h 
 \* MERGEFORMAT [5]. In this contribution we further investigate muting impact on Rel’8 performance for selected muting densities. The considered simulation assumptions are found in Appendix 2, and these are aligned with the agreed parameters in [6].
When assessing the muting impact we have been assuming a radio frame of 10 ms, while in the first subframe CSI-RS transmission is performed. Smart link adaptation is used in a way to mitigate the impact of CSI-RS puncturing when this happens: the MCS level selected during punctured subframe results from downscaled MCS level of normal transmission. In Figure 3 we present the throughput result of this type of transmission, no HARQ has been used. Four type of transmissions have been considered: ideal case of Rel’8 performance with no impact from Rel’10 which is referred to as ”no puncturing, no blanking”, using MBSFN subframes which is referred to as ”no puncturing, 1x blanking”. Two puncturing scenarios have been simulated: 2RE punctured (representing 1RE/PRB/port) and 4RE muted, this case corresponding to reuse factor three, while larger muted number of REs was 14 and corresponds to reuse factor eight. Only marginal additional losses are encountered by the larger number of muted REs compared to 4 muted REs, as seen in Figure 3.
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Figure 3. Averaged throughput over one radio frame (10 ms) for various number of RE/port, HARQ disabled.
5
Conclusions

In this contribution we have presented our simulation results on the benefits of PDSCH RE muting in relation to inter-cell CSI estimation. Our results on step 1 of the PDSCH RE muting evaluations indicate following:
· Muting with reuse factor 3 provides fairly little benefit over CRS-based channel estimation. 
· To get real benefits of PDSCH RE muting, the muting reuse factor needs to extend beyond the size of the CoMP measurement set. This is because otherwise the cells outside CoMP measurement set cause interference on channel estimation.
· The number of muted REs does not have a critical impact on Rel’8 UE performance when increasing from reuse factor 3 to 8, for example. 

Finally, it is noted that as shown in [6], CQI measurements based on CSI-RS with currently agreed density of 1 RE/PRB/port perform very poorly, hence UE would most likely anyway have to rely on CRS to get the interference estimates. From that perspective, in our view PDSCH RE muting has no impact on UE interference measurements.
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Appendix 1 – CSI-RS patterns

Here we present the CSI-RS patterns used in our simulations.

FDM with 1 RE/PRB/port and reuse factor 8 for muting:
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Figure 4. CSI-RS patterns for 2Tx per cell with 1 RE/PRB/port and reuse factor 8 for muting.

FDM with 2 RE/PRB/port and reuse factor 3 for muting:
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Figure 5. CSI-RS patterns for 2Tx per cell with 2 RE/PRB/port and reuse factor 3 for muting. Note that we used frequency shifts for the cells outside the set of 3 cells having orthogonal CSI-RS.

FDM with 1 RE/PRB/port and reuse factor 3 for muting:
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Figure 6. CSI-RS patterns for 2Tx per cell with 1 RE/PRB/port and reuse factor 3 for muting. Note that we used frequency shifts for the cells outside the set of 3 cells having orthogonal CSI-RS.

Appendix 2 – Puncturing simulation parameters

	Parameter description
	Value / Comment

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	Rel-8 configuration : 2 Tx uncorrelated (i.e. 2 CRS for legacy UEs)

	
	Rel-10 configuration: 2 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Scheduling in time
	Scheduling in every downlink sub-frame

	Channel coding (PDSCH)
	Rel-8 turbo coding, CBRM

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS
	Rel-8 MCS

	Detector
	MRC

	Precoding/feedback granularity 
	N/A

	Transmit precoding/feedback
	2-Tx Rel-8 SFBC transmit diversity

	Transmission rank
	Rank-1

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS duty cycle configuration
	10 ms interval is the baseline

	CSI-RS density
	Alt1: 1RE/port + 6 REs muted

	
	Alt2: 1RE/port + 14 REs muted

	Channel estimation for demodulation
	Realistic channel estimation over Rel-8 CRS

	Simulation output
	Rel-8 PDSCH throughput vs. SNR


