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1 Introduction
Potential specification impact of CoMP transmission has been discussed and identified in [6].  According to the discussion, CSI feedback enhancement mechanism for DL CoMP is a major issue of standardization work in Rel-11.

Three main categories of CoMP feedback mechanisms have been identified, including explicit channel state/statistical information feedback, implicit channel state/statistical information feedback and SRS transmission exploiting channel reciprocity. Considering the tradeoff between performance and feedback overhead, it is reasonable to assume implicit feedback as the baseline which has better backward compatibility to Rel-10 single cell feedback. 
In this contribution, we mainly focus on CQI feedback enhancement of implicit feedback for DL CoMP and provide the performance evaluation results of a CQI feedback proposal for joint processing (JP) in Scenario 2(Homogeneous network with high Tx power RRHs).
2 CQI enhancement scheme
When transmission points are transparent to the CoMP UE, UE doesn’t know the CoMP configuration at the time of CQI feedback.  CQI computation depends on certain assumption of transmission points configuration for CoMP and interference situation.  If the hypothesis of transmission points at the UE is not aligned with the actual transmission points, it can be tricky for the eNB to determine the accurate CQI for actual JT setup and provide reliable link adaptation.  In the contribution, we consider different CQI proposals for DL CoMP. 
2.1 Individual per-cell CQI Feedback for JT
In this approach, UE feeds back per-cell CQI corresponding to each cell in measurement set as shown below Eq.(1) .  eNB decides the transmission point according to the reported CQIs. However, it is not trivial for the eNB to derive the MCS for all the possible combinations of transmission points.
An example of downlink CoMP system model is shown in Figure 1 where the CoMP measurement set for UE i consists of four cells: Cell 1, Cell 2, Cell 3 and Cell 4. Cell 1 is the serving cell of this UE.
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Fig.1
UE i calculates individual per-cell feedback using CQI without interference from the measurement cells which can be represented by the SINR equations as shown below:
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Where
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 is the effective received signal power from Cell i; N is the additive white Gaussian noise and I is the interference comes from outside of the measurement set. 

If UE only feeds back these four CQIs, it is hard for eNB to compute accurate CQI in some situation e.g. CoMP UE i’s transmission set is Cell 1 and Cell2 while the other two Cells (i.e. Cell3 and Cell4) decide to serve other UE(s) and creates interference, eNB can only derive the CQI based on these four CQIs which can cause mismatch potentially.  
For example, taking Cell 1 and Cell 2 as the transmission points, eNB can derive CQI as follows:
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There are a few issues which can cause potential mismatch: 
· Per-cell CQI is derived based on the single cell assumption of PMI and RI.  When we consider it as interference, it would be similar to the case of the worst companion PMI which represents the case of the highest interference among all possible precoders in the codebook.  This is probably too pessimistic or conservative.

· CQI is a quantized value corresponding to a combination of modulation scheme and transport block size.  Non-CQI values can provide some rough SINR information but problem exists when it is out of range.  When the CQI is out of range, it means the link is not strong enough to support the lowest combination modulation scheme and transport block size.  However, when we view it in interference perspective, it doesn’t necessarily mean that it is sufficiently weak to be ignored.  Zero CQI provides no interference information to eNB.  In this case, it is hard for eNB to adjust CQI.
2.2 Enhanced CQI feedback for JT 

In this contribution, we suggest to use relative average interference value delta-CQI as one of the additional feedback information. UE only feed back CQIs of per-cell of measurement set and delta-CQI, eNB is able to estimate CQI corresponding different combinations of transmission points based on the per-cell feedback and delta-CQI.  
We give out detailed algorithm of CQI feedback enhancement in the section. In section 3 some detailed assumptions of CQI enhancement simulation and initial performance simulation result are listed.

In the enhanced CQI approach, UE i feeds back CQIs of per-cell of measurement set as shown above Eq.(1) and also feeds back delta-CQI to eNB.  Assume Cell1 is the main serving cell which always participates in the transmission to UE i.
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Where W, C, 
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are codeword and certain set of codewords in the codebook for precoding matrix and downlink channel from Cell i to CoMP UE. 
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 denotes averaged f (W) over W.  If C is the entire codebook, averaging on HW basically means unprecoded H.  Delta-CQI is an average value according to the number of cells within CoMP measurement set excluding the main serving cell. 
eNB is able to estimate CQI for different sets of TP configuration according to these CQIs. For example, taking Cell 1 and Cell 2 as the transmission points, eNB derives CQI as:   
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When Cells 1, 2 and 3 are the transmission points, eNB can derive CQI based on:
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 When eNB decides to fall back to single cell transmission, CQI can be derived as
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The cases of Eq(5) and Eq(6) are done by scaling the delta-CQI with the actual number of interference sources in the measurement set.  For Eq(7), it represents the actual situation more precisely when it falls back to single cell transmission.   

When UE i calculates Delta-CQI of the average interference of measurement cells, another approach is to select the PMI which minimizes the interference to the targeted UE i instead of averaging over all possible precoders.  This represents the situation when coordinated beamforming is done in all coordinating cells. (refer this scheme as BCI scheme)
3 Evaluation results for CQI feedback enhancement with JP
3.1 Simulation Setup
In our evaluation, cases with enhanced CQI feedback and individual per-cell CQI feedback are evaluated.  For the approach of enhanced CQI feedback, the PMI of interference cells in measurement set is considered two schemes which are averaged f (W) over W and BCI of the targeted UE respectively.  Simulation is done based on the agreed assumptions in [3]. The followings are some details of the simulation setup.  More simulation parameters are in Appendix A.  

· CoMP cooperating set

Based on the reported RSRP values, eNB decides whether this is a CoMP UE by comparing a threshold with the difference of its reported RSRP values of the serving cell and each cell in the RRM measurement set. The cells with the corresponding RSRP difference smaller than the threshold are identified as UE’s CoMP measurement set. i.e. for UEk, cell i belongs to UEk’s CoMP measurement set if reported RSRP of cell i from UEk (RSRPUE_k, Cell_i) satisfies the following equation:

RSRP UE_k, serving_cell –RSRPUE_k,Cell_i < threshold

Once CoMP measurement set is decided at the eNB, CSI (CQI/PMI) of the cells in the CoMP measurement set is reported by the UE. The eNB will decide the cooperating set based on the per-cell CQI feedback in the measurement set and Delta-CQI.
· Coordination and feedback scheme

Dynamic switching between SU and MU is supported. The maximum number of co-scheduled users is two. 

If a UE is identified as a CoMP UE, its rank is always fixed to rank 1. Individual per-cell implicit feedback (4bit CQI + 2bit PMI using Rel-8 codebook for 2 antenna ports) with inter-cell phase information (quantized to 2 bits) are reported. In addition, for enhancement CQI scheme, the CoMP UE feeds back Delta-CQI; for individual per-cell CQI scheme, the CoMP UE feeds back single-cell PMI/CQI/RI as Rel-8 UE.

If a UE is a non-CoMP UE, it feeds back serving cell 4bit CQI+2bit PMI using Rel-8 codebook for 2 antenna ports.
3.2 Simulation Results
Table 1 FDD JT Results with CQI Feedback – DL Full Buffer

	Channel Model
	Antenna Config
	JT
	Cell average spectral efficiency 
	Cell edge spectral efficiency

	3GPP-Case1
	2x2 XPOL
	Individual per-cell CQI
	2.111
	0.0578

	
	
	Enhanced CQI
	Scheme1
	2.127(+0.75%)
	0.0626(+8.3%)

	
	
	
	Scheme2
	2.127(+0.75%)
	0.0619 (+7.1%)


Enhancement scheme 1 is Delta-CQI corresponding PMI of interference cells in measurement set which is selected to minimize the interference to the targeted UE i (i.e. BCI).  Note that this is just an assumption for CQI feedback.  In the simulation, no CSCB is performed.  Enhancement scheme 2 is Delta-CQI corresponding PMI of interference cells in measurement set which is chosen by averaging f (W) over W. 
From the simulation results shown in table 1, we can see that both CQI enhancement schemes provide performance gain for average and cell edge spectral efficiency comparing with individual per-cell CQI feedback.  The gain in cell edge is more significant than the gain in cell average because it is common to have cell edge UEs as CoMP UEs in homogeneous network.  Scheme 1 is slightly better than scheme 2 but considering complexity, scheme 2 has slight advantage because averaging the interference based on all precoders in a codebook basically is equivalent to unprecoded interference.  Obtaining the BCI is expected to be a relatively more complicated process.
4 Conclusion
In this contribution, simulation is done to evaluate CoMP performance with CQI feedback enhancement in homogeneous network for full buffer case. It can be observed that around 8% gain on cell edge performance can be achieved with enhancement CQI feedback comparing with individual per-cell CQI feedback. Smaller gain (around 1%) is observed on cell average performance.  This can show that CQI computation of JT based on per-cell CQI feedback has some limitation.  It has some room for improvement which we should further study.
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Appendix A

Table A1 Simulation assumptions

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site. 
9 cell sectors in a cluster 

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m(3GPP Case1) 

	Operating bandwidth (BW)
	10 MHz 

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1-  SCME- UMa  (High Spread)

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at eNB (0.5 λ spacing)  

Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  etilt  15 degree, 3D antenna pattern

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB 

	Feedback scheme
	 For  JP UEs, 4bit CQI + 2bit PMI using Rel-8 codebook for 2 antenna ports with phase correction (2bit PCI: phase with π/2 resolution). 
For other UEs, Rel-8 RI/CQI/PMI is reported.

	CoMP scheme
	Joint Processing

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver (Option1 in [5])

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation.

Channel estimation error modeling in [5] is used 
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