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1
Introduction

In the RAN1 specification [3], the reference subframe for CQI measurement has been defined for Rel-8/9 operation.  

There are two reasons why this definition needs to be revisited for Rel-10 transmission mode 9: 

· Channel estimation is based on CSI-RS, which is not available in every subframe
· Interference estimation reference subframe has a stricter definition for HetNet operation
In this contribution, we discuss further details of the CSI reference subframe definition for Rel-10.   
2
Discussion

2.1
Sources of CSI measurement

For CSI measurement, the UE needs to measure both the channel to the serving cell and interference from all other cells plus thermal noise. 

2.1.1
Channel estimation source

There was a discussion in RAN1#62b regarding a feature where the UE can be configured to use either CRS or CSI-RS for CSI feedback when it operates in TM9. 

In our opinion, this would introduce unnecessary fragmentation of operating modes and features, since both CRS based and CSI-RS based reporting modes would accomplish basically the same result. 

In addition, we consider that 

· when the eNB has 2 antennas then TM8 can be anyhow used

· when the eNB has 4 antennas then the use of 4 CRS antennas instead of the 2 CRS + 4 CSI-RS configuration represents unnecessary overhead

· when the eNB has 8 antennas, the only possible way to take advantage of the capabilities is to use CSI-RS

Since adopting the flexibility to use either CRS or CSI-RS for channel estimation feedback results in additional requirement definition and testing, only CSI-RS based channel estimation should be defined in TM9.  
In addition, adopting both a CRS and a CSI-RS based feedback option could potentially lead to the introduction of a UE FGI bit, which would create further complications for the applicability of rate matching on a UE specific basis. 

Proposal:   The channel estimation for CSI feedback in TM9 is based on CSI-RS. 

2.1.2
Noise estimation source
Some concerns have been raised regarding interference estimation from CSI-RS for CQI reporting due to the low density of CSI-RS and due to the ongoing study on muting of CSI-RS of neighbouring cells. With muting, the neighbouring cell might mute the REs of the serving cell of an UE causing the UE to not measure the interference caused by the neighbouring cell. We believe that the CQI reporting can be based on interference estimated on CRS. CRS is available on all normal subframes and has a higher density than CSI-RS. Even if CSI-RS is transmitted on MBSFN subframes, the interference estimate could be obtained from the CRS on the first OFDM symbol (although the control load and PDSCH load might not be the same) or interference estimates from previous subframes can be used. Hence, in a homogeneous network context, the interference estimated on CRS which is expected to be similar to the interference expected on the data tones should suffice. 

In HetNet and CoMP scenarios although the transmission schemes are not decided yet, some general statements can be made. In HetNet, if CSI-RS is not orthogonalized (for example using muting), it would be difficult to estimate the channel for CQI feedback. It is quite likely that CSI-RS will be orthogonalized in a manner similar to data (for example CA-based or non-CA-based methods). In that case using CSI-RS for interference estimation should be possible since CSI-RS will experience the same interference as data. Similarly, CRS based interference is also possible as long as the UE is informed in which resources (subframes) the interference estimation should be made. This resource specific channel CSI measurement is similar to subband based CQI or PMI defined in Rel8. Other mechanisms might be introduced when the transmissions schemes for HetNet and CoMP are more concrete.
Proposal: 

The source of noise estimation for CSI feedback need not be defined beyond a clear specification of which subframe should be used as reference and whether the UE should exclude the signal from any particular neighbor cell from the noise estimation.  

2.2
Reference subframe for CSI measurement

Due to the low periodicity of CSI-RS occasions, the CSI-RS measurement opportunity doesn’t necessarily align with the interference measurement reference subframes. In order to resolve this discrepancy, we propose the following. 
Proposal: 

The subframe in which the channel is measured should be the latest useable CSI-RS occurrence.  The subframe in which the interference is measured should be the defined reference subframe. The channel estimation and interference estimation may be carried out in different subframes for the same CSI report. 

2.2.1
Reference subframe for periodic CSI measurement

For periodic measurements, the channel estimation subframe should be the latest CSI-RS subframe not closer than 4ms to the subframe in which the report is sent.  Note that averaging of channel estimation across multiple CSI-RS subframes doesn’t necessarily have to be precluded but due to the low periodicity of the CSI-RS occasions, CSI-RS filtering is not a very practical option in any case. This aspect could be defined by RAN4. 
The interference estimation subframe should be defined according to the HetNet decisions. Those decisions should be interpreted as to referring to the interference measurement subframes only. Averaging of interference across multiple subframes should not be allowed.   
2.2.2
Reference subframe for aperiodic CSI measurement

For aperiodic measurements, the channel estimation subframe should be the latest CSI-RS subframe not closer than 4ms to the subframe in which the report is sent. 

The interference estimation subframe should be defined according to the HetNet decisions. Those decisions should be interpreted as to referring to the interference measurement subframes only. 
2.3
Handling of other subframe types as CSI measurement reference subframe

The validity of different subframe types for CSI measurements should be decided. 
For channel estimation purposes, the valid subframes are those and only those in which CSI-RS is transmitted. The UE may assume that muting, if needed, will be applied to every serving cell CSI-RS occasion by interfering neighbor cells.  This aspect is transparent to the UE. 

At this point, we don’t see a need to further restrict the measurement occasions for channel estimation.  However, this assumes that 4ms or 8ms periodicity is adopted for CSI-RS subframes and for muting. Otherwise, additional signaled restriction would be needed for Rel-10 UEs connected to a half-duplex relay as discussed in [2]. 

Proposal: 

For interference estimation, any subframe should be valid provided that is designated so by the HetNet partitioning information,  if such information is received, or any subframe if partitioning information is not received, except subframes falling in measurement gaps. 

In particular, the following subframes that were designated as invalid reference subframes in Rel-8/9 should be classified as valid in Rel-10:

· MBSFN subframes used for TM9 transmission

· MBSFN subframes used for eMBMS transmission

· MBSFN subframes used for other purposes

· DwPTS subframes

In the above cases, interference estimation can be performed based on the CRS in the control symbols, for example. The performance of  noise estimation with such measurement restrictions was evaluated with simulations described in Section 2.5. 
2.4
Example text proposal

An example text proposal is given below. 

-------  START OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

36.213 [3]
The CQI reference resource is defined as follows:

· In the frequency domain, the CQI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
· For transmission mode 9 
· In the time domain, the CQI reference resource is defined by two downlink subframes,  
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.  The channel estimation to the serving cell for which the CQI is reported is obtained in subframe 
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.  The interference estimation is obtained in subframe 
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· where for periodic and aperiodic CQI reporting 
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  is the smallest value greater than or equal to 4, such that it corresponds to a downlink subframe containing CSI-RS transmission in the serving cell for which the CQI is reported;
· where for periodic CQI reporting 
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  is the smallest value greater than or equal to 4, such that it corresponds to a downlink subframe valid for interference estimation. 
· where for aperiodic CQI reporting 
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is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in a DCI format 0 or 4.

· where for aperiodic CQI reporting 
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 is equal to […TBD value] and downlink subframe 
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 corresponds to a valid downlink subframe for interference estimation, where downlink subframe 
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is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid for interference estimation if:
· it is configured as a downlink subframe for that UE and 
· it is designated valid by the HetNet partitioning information if such information is received and
· it does not fall within a configured measurement gap for that UE.
If there is no valid downlink subframe for the CQI interference estimation reference resource, CQI reporting is omitted in uplink subframe n.
· For transmission modes 1-8 
· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;
· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in a DCI format 0.

· where for aperiodic CQI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid if:
· it is configured as a downlink subframe for that UE, and
· it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and
· it does not fall within a configured measurement gap for that UE and
· it is designated valid by the HetNet partitioning information if such information is received.
If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
· In the layer domain, the CQI reference resource is defined by any RI and PMI on which the CQI is conditioned.
 -------  END OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------
2.5
Simulation results
In this section we provide link level simulation results comparing performance of TM9 when interference estimate for CQI feedback is performed in a regular subframe with the new proposal of allowing interference estimates for CQI feedback on MBSFN subframes. We consider a 4Tx 2Rx setup where 2 CRS ports and 4 CSI-RS ports are configured. In a regular subframe there are 16 available CRS REs per RB that can be used for interference estimation. On MBSFN subframes there are 4 REs per RB. We use averaging over 4 RB to improve the interference estimate for CQI feedback purposes. 
We perform two simulations one where all subframes and regular subframes and one where all subframes are MBSFN. The number of control symbols is chosen differently for the two cases to make the number of data REs equal to make the comparsion of throughput curves easier. Further details of the simulation setup are provided in Table 1 in the appendix.

The simulation results are shown in Fig. 1 and 2 for rank of 1 and 2 respectively. We see that there is very little difference between the case where interference for CQI feedback is estimated on regular subframes and the case where interference for CQI feedback in computed on MBSFN subframes. 
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Figure 1: TU 4x2 3 kmph Rank 1
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Figure 2: TU 4x2 3 kmph Rank 2
5
Conclusions

In this contribution we gave proposals for the remaining issues of CSI reporting reference definitions for Rel-10. We made the following proposals:  
Proposal: 

The channel estimation for CSI feedback in TM9 is based on CSI-RS. 

Proposal: 

The source of interference estimation for CSI feedback need not be defined beyond a clear specification of which subframe should be used as reference and whether the UE should exclude the signal from any particular neighbor cell from the noise estimation.  

Proposal: 

The subframe in which the channel is measured (not the interference) should be the latest useable CSI-RS occurrence.  The subframe in which the interference is measured should be the defined reference subframe. The channel estimation and interference estimation may be carried out in different subframes for the same CSI report. 

Proposal: 

For interference estimation, any subframe should be valid provided that is designated so by the HetNet partitioning information,  if such information is received, or any subframe if partitioning information is not received, except subframes falling in measurement gaps.
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Appendix  - Simulation Assumptions 

Table 1 Simulation Assumptions 
	Parameter
	Open-loop versus closed loop precoding

	Transmission Bandwidth
	5MHz

	Channel Model
	TU with 3 km/h

	Number of Tx antennas x number of Rx antennas
	4x2

	Receiver Type
	Linear MMSE

	Allocation Size 
	6 RBs

	Subframe types
	MBSFN and Regular

	Number of Control Symbols
	3 for regular

4 for MBSFN subframes 

(to get same number of data REs for both cases)

	Number of antenna ports
	2 CRS, 4 CSI-RS

	CQI/Precoding feedback
	CSI-RS based feedback. Subband PMI reported every 5ms.

	Precoding granularity
	6RBs

	Number of precoding/rank
	 16 (Release 8 codebook)

	Channel Estimation
	2D MMSE with uniform doppler and delay spread. 

Tuning speed of 10 kmph.

Delay spread 5 us for TU.

	Interference Estimation
	Perfect for demod. 

Based on CRS for CQI feedback

	HARQ Target termination
	10% after first transmission. 
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