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1 Introduction
In LTE-A channel spatial information RS (CSI-RS) is planned to be used for channel measurements and for deriving feedback on channel quality and spatial properties as needed. 

The following CSI-RS details have been agreed so far:
· CSI-RS punctures the data region in normal and MBSFN subframes
· CSI-RS structure is sparse in time and frequency. 
· The CSI-RS density is 1RE/RB/Antenna Port for 2Tx, 4Tx, and 8Tx.   
It is also a common understanding that CSI-RS is cell-specific. 

The feedback based on CSI-RS is used for different transmission modes such as single-cell single-user and multi-user MIMO, and is expected to be used for coordinated multi-cell transmission schemes as well as in heterogeneous networks. In CoMP and HetNet scenarios, a UE may be required to obtain channel estimates from cells with very low geometries. This may only be possible when the stronger cells mute the CSI-RS locations of the weaker cell. However this has some impact on the performance of LTE Rel. 8 and LTE Rel. 9 UEs since they aren’t aware of the muting and the overall system due to the additional overhead and should hence be studied carefully. 

In this contribution we present simulation results to study the performance impact to LTE Release 8 and 9 UEs. Our views on other issues concerning CSI-RS are provided in [1].
2 Need for Muting
CoMP and HetNet appear to be the next key DL enhancements. In CoMP the popular schemes appear to be joint transmission where UE is served by beams formed by multiple eNBs or coordinated BF where an eNB serves its UEs while steering away the beam to an interfered UE. Such schemes require quite accurate feedback of channel knowledge of neighbouring eNBs in addition to the serving eNB. In HetNet, concepts such as range extension require an UE to be served by a cell which is significantly weaker than the cell with the strongest received power. 
The CSI-RS density of 1 RE/RB/Antenna port was chosen for SU-MIMO while trying to minimize impact on legacy users. Even if the density was higher, due to the low geometry, it would likely be insufficient to estimate the channel of the weaker cells in the scenarios described above unless the CSI-RS REs are muted by the stronger cell(s). 
If muting is eventually supported, and there is a need to schedule Release 10 UEs on subframes that have muted tones for CSI-RS, the situation would be similar to the legacy impact problems seen now as CSI-RS is being introduced. The simulations results in the next section show that UEs that have muted tones but are not informed about it do have significant performance loss. It is hence desirable to support signalling of muting if muting is planned to be supported.
Muting does involve some cost – performance loss to Rel 8/9 UEs and higher overhead. In this contribution we study the impact to legacy UEs.
3 Impact on Release 8/9 UEs
As mentioned before muting can have an impact on UEs not aware of the muting. Rel 8/9 UEs already are impacted by CSI-RS puncturing. The muting could cause additional losses. In Table 1 the simulation assumptions are provided and follow the agreed simulations setup in [2]. CSI-RS is assumed to be present on OFDM symbols 3 and10. The muting and puncturing is assumed to happen across both these OFDM symbols. 

Table 1: Simulation Assumptions

	Transmission Bandwidth
	5 MHz

	Channel Model
	TU 3 Kmph

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Transmission Scheme / Receiver Type
	SFBC with QPSK, 16 QAM and 64 QAM with rate 1/3, 1/2 , 3/4.

	Allocation Size 
	4 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	No precoding/CQI feedback.

	Channel Estimation
	CRS based channel estimation

	Interference Estimation
	Perfect

	HARQ
	FER curves. No HARQ

	Additional Details
	Plot results with different combination of puncturing and muting. The same pattern is assumed to be present on all subframes.

The LLRs af


In Fig. 1 to Fig. 8, we plot the FER with for different number of tones that are muted / punctured per RB. In the legend, Puncture 4 mute 8 refers to the case where 4 tones are punctured by CSI-RS of the cell while 8 tones are muted to allow CSI-RS of neighbouring cells. For a more fair comparison, for each of the cases the number of information bits is chosen as the number of available REs times the coded bits per modulation symbol times the code rate. The available REs are the data REs left after removing the tones that are punctured / muted. Performance with puncturing / no muting and no puncturing / no muting are included as a reference.
We notice from these curves that the loss due to muting is small for QPSK / low code rate and is in general smaller than the loss due to puncturing with the same number of tones. However it can be quite substantial for other cases. For example the loss due to muting is almost as large as that with muting as is seen in for 64 QAM rate ½ in Fig. 7. The exact impact can vary quite significantly across different implementations.
The loss due to puncturing / muting can be avoided if the scheduler is able to avoid scheduling Rel 8/9 UEs on subframes with CSI-RS puncturing and/or muting. It is therefore desirable that CSI-RS and the muted tones are on the same subframe / are limited to a few subframe. 

LTE-A UEs are aware of the CSI-RS and hence do not have any punctured tones. If LTE-A UEs are also aware of the muting pattern, the eNB can rate match around them.  Alternately, the eNB can puncture and the UEs can set the corresponding LLRs to 0. Rate matching is preferred since it is more robust and since puncturing could result in different codeblocks experiencing different amounts of puncturing.  If LTE-A UEs are not informed about the muting, they could have significant loss in performance. For example more than 3 db loss at 10% error rate for 16 QAM rate ½ with muting of 16 REs. However, since the loss is small for low code rate, the eNB scheduler can schedule UEs with low code rate / low MCS and control the system loss to some extent. 
The eNB can adopt the following strategies in order to mitigate loss to Rel 8/9 UEs or Rel 10 UEs if the latter are not informed about the muting: 

· Target more than one transmission: Potentially use high MCS in the first transmission, if it collides with subframes with muting, and target at least one retransmission. 
· Alternatively, target a single transmission and use low MCS: 
· Use low code rate

· Use QPSK

· Use small BW allocation per UE so that there is no code block segmentation for impacted users

Note that all the above will result in some reduction in scheduling flexibility, therefore some capacity loss is expected even if the eNB follows the above strategies. 
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Figure 1: QPSK 1/3
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Figure 2: QPSK 1/2

[image: image3.emf]-4 -2 0 2 4 6 8 10 12

10

-3

10

-2

10

-1

10

0

SNR (dB)

FER

TU 2x2 3 Kmph 16 QAM 1/3

 

 

Puncture 0 Mute 0 

Puncture 0 Mute 8 

Puncture 0 Mute 16

Puncture 4 Mute 8 

Puncture 8 Mute 16

Puncture 4 Mute 0 

Puncture 8 Mute 0 

Puncture 16 Mute 0


Figure 3: 16 QAM 1/3
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Figure 4: 16 QAM 1/2
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Figure 5: 16 QAM 3/4
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Figure 6: 64 QAM 1/3
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Figure 7: 64 QAM 1/2
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Figure 8: 64 QAM 3/4
4 Conclusions
In this contribution we presented simulation results to study the impact on muting on UEs not informed about the muting. We observed that muting does have a significant impact on the performance especially for higher modulation formats and high coding rates. Based on these results we propose the following
· If muting is supported, it is desirable to signal the muting related information to LTE-A UEs
· Inter cell CSI-RS and related muting should be designed in such a way that the number of subframes impacted is kept small. The scheduler can then try to avoid scheduling Release 8/9 UEs on such subframes. 
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