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1. Introduction
For advanced E-UTRA, two categories of downlink coordinated multi-point (DL COMP) transmission are currently being studied: joint processing and coordinated beamforming [1]. Joint processing is expected to offer more gain due to its MBSFN-like combining gain at the expense of higher degree of coordination. That is, the same set of transport blocks is cooperatively transmitted from multiple points (e.g. eNBs, eNB with multiple RREs [7]). Different aspects of joint processing were discussed in several RAN1#55 contributions such as DL and UL control signalling, precoding, reference signal ([2] – [6]). Overall, those aspects ought to be carefully designed to attain the large portion of its potential gain. 
In this contribution, we further look at the precoding and computation of CQI/PMI/RI. Assuming the baseline of codebook-based precoding, the main issue is to choose between a single joint multi-cell codebook and separate codebooks (which is typically the same across the cooperating cell). This aspect is related to whether the CQI/PMI/RI is computed jointly for all the cooperating cells or separately across different cells. 
2. COMP Setup
We use the same notation as that in [6] which is repeated here for convenience. We define a super-cell as an area covered by the transmission of the coordinated multiple points. We consider one super-cell which comprises of N points transmitting in the downlink. Denote the number of transmit antennas associated with the n-th point and the number of receive antennas at UE as 
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points are cooperating, the received signal can be expressed as follows:
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where 
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 is the common 
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-dimensional data vector transmitted across the 
[image: image8.wmf]N

~

 points , 
[image: image9.wmf]n

W

 is a 
[image: image10.wmf]L

N

n

t

´

,

 precoding matrix applied on the n-th point, 
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 channel matrix from the n-th transmission point to the UE, and 
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 is a power scaling factor. The aggregated matrix 
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 can be treated as a single precoding matrix for the 
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 distributed antennas. As clearly seen from (1), the following constraint holds for the number of transmission layers 
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The implications of (2) are as follows:

· If 
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(which is more likely in practice), the excess dimensions serve to offer precoding diversity gain. This not only improves the data coverage (cell-edge throughput) but also the average sector throughput. 
· Coordinated multi-point transmission does not increase the system peak data rate of any of the cells in the super-cell unless 
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. An example of such as is a super-cell that is composed of multiple single-antenna cells. In this case, the peak data rate may be increased. 
3. Precoding Codebook for COMP

Some aspects of codebook-based precoding for COMP were discussed in some contributions, e.g. [2] and [6]. Two approaches in codebook design were mentioned in [6]: 

1. Joint design: A single super-cell codebook is designed considering multiple points. 

· A codebook needs to be designed for each combination of 
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(the number of cooperating points), 
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(the number of transmit antennas – assuming the same number across eNBs/RREs), and 
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 (the number of layers).
· Joint design is expected to offer better performance as the codebook is designed (“optimized”) for each combination of 
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2. Disjoint design: The super-cell codebook is formed by concatenating 
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 common single-cell codebooks. That is: 
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is the single-cell codebook.
· Disjoint design is simpler since only one single-cell codebook is needed for a given 
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· As expected, the performance tends to be worse than the joint design as the resulting multi-point codebook is not designed for multi-point transmission. Separate design is essentially a restricted/constrained case of the joint design. 

The above comparison covers the fundamental yet intuitive differences between joint and disjoint codebook designs. It is given mainly to provide a setup for the discussion in the next section. 
4.  CQI/PMI/RI Reports for COMP  
As briefly discussed in [6], CQI/PMI/RI for COMP can be computed and reported in two manners:

1. Joint report: The UE reports a single CQI/PMI/RI which is computed jointly for all the 
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cells. This is mainly geared towards the so-called “coherent combining” where the reception combining is done in the symbol-level.
2. Disjoint report: The CQI/PMI/RI is computed separately for each of the 
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cells. This is mainly intended to support the so-called “non-coherent combining” where the reception combining is done in the soft coded bit-level (e.g. LLR).
Note that in both cases the CQI/PMI/RI is reported only to the anchor cell (the “master” eNB) and distributed to the other 
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cells via the backhaul. Reporting CQI/PMI/RI only to the serving/master eNB seems to be better from coverage perspective since the reporting accuracy is not limited by the weakest link between the UE and all the transmission points.
The difference between the two types of reporting mainly lies within the computation. The comparison is given in the following table.
Table 1: Comparison between joint vs. disjoint CQI/PMI/RI reporting

	
	Joint CQI/PMI/RI
	Disjoint CQI/PMI/RI

	Computation
	A single set of CQI/PMI/RI represents simultaneous transmission across 
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 transmission points (CQI may comprise of multiple values, each of which represents a codeword)
	For a given cell, the signal from other  
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 transmission points are always treated as interference

	Performance
	Better in general
	Worse in general

	Choice of super-cell size 
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	Semi-static (e.g. dedicated RRC signalling or SI-1), e.g. via long-term channel properties
	Slightly more flexible: may be made more dynamic, or semi-static



	MCS flexibility
	Same MCS and RB allocation across multiple transmission points associated with a given layer
	Allow different MCS (even RB allocation) when different transmission points transmit different layers

	UE computational complexity
	Expected to be lower (only one CQI computation)
	Expected to be higher (multiple CQI computations)


It could be perceived that joint CQI/PMI/RI computation is more sensitive to non-idealities such as channel estimation error and measurement delay (due to the timing references as well as potential backhaul latency for certain backhaul implementation [1]). This, however, needs to be substantiated by further simulation study. 

As mentioned in Table 1, disjoint CQI/PMI/RI computation assumes that the signals from the other transmission points are interference rather than desired signal sources. That is, the potential coherent combining (MBSFN-like) gain is not exploited. Consequently, the performance is expected to be worse than that of joint CQI/PMI/RI computation. This can be seen from the following alternative form of (1):
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(3)
That is, rather than making use the total effective channel 
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to decode 
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, the desired signal components from other transmission points are considered interfering and hence suppressed. 
An exception, however, is when different transmission points transmit different sets of spatial layers. In this case:

· There should be no performance difference between the two CQI/PMI/RI computation strategies. 
· The precoding codebook takes the form of block diagonal matrix, possibly with permutation: 
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· 
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is a row and/or column permutation (reordering) of the 
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 is a 4x4 permutation matrix.
· 
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 precoding matrix for transmission point n where 
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is the number of layers transmitted by the transmission point n. 
· This design offers additional flexibility since it performs the same under joint and disjoint CQI/PMI/RI report. 
· Denoting the signal vector transmitted from transmission point n as 
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and using the precoding matrix structure given in (4), the received signal in (3) can be rewritten as (5). From (5), it is apparent that the signal components from other transmission points are interference sources which should be suppressed upon decoding the signal from a given transmission point. This holds regardless whether the CQI/PMI/RI is computed and reported jointly or disjointly. Hence, the signal from each transmission point is decoded one at a time.  
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· While this appears to contradict the idea behind COMP, the precoding matrix in (4) simply offers an alternative to transmitting identical signal vector across different transmission points when
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 occurs for the COMP system. As an example, when
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, two alternative structures for 
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are: 
· Structure 1: 
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, and 
· Structure 2: 
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. 
It is also possible to incorporate both structures in the codebook design.
· Extending the example in the previous bullet point, the two alternative precoder structures can be constructed from the Rel-8 2Tx codebook [8]. The same applies for any value of 
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· Str1: 
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is taken from the 1-layer 2Tx codebook 
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· Str2: 
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is taken from the 2-layer 2Tx codebook 
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While designing a codebook which may accommodate both CQI/PMI/RI reporting strategies seems attractive, it may be better to first decide the CQI/PMI/RI reporting strategy (joint, disjoint, or both) for COMP. Overall, the joint reporting approach seems to be preferred as long as the performance is insensitive to non-idealities (e.g. channel estimation error, reporting/feedback delay due to backhaul). The flexibility of configuring the set of transmission points dynamically does not seem important since typical cell selection is done based on long-term channel statistics.  
5. Simulation Results
To assess the performance of two different codebook structures given in Section 4, a link-level throughput simulation is performed with two transmission points. Hence, the resulting codebooks are:

· CB1 (without permutation): 
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· CB2: 
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The ratio of the transmitted power between point 1 (“serving point”) and point 2 (“secondary point”) is denoted as C1/C2. The residual inter-cell interference is assumed to be -10dB relative to the transmitted power of the serving point. The rests of the simulation assumption are given in the Appendix. The case without COMP is simulated as a reference. Joint CQI/PMI/RI reporting is assumed. We observe the following:

· With COMP, CB1 outperforms CB2. This may not be surprising since CB1 is of size 16 while CB2 is 4. Note that CB1 and CB2 are simply extensions of the current Rel-8 2Tx codebook. It is of course possible to design the codebook without such constraints. The difference is larger for smaller RB allocation which is also expected. 
· Without COMP, the two codebooks do not exhibit any visible difference in performance. 
Note that the gain of 2-point COMP (shown in Figure 1) does not represent the overall system-level gain of COMP due to the absence of scheduling across UEs.
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Figure 1. Throughput vs. C1/C2 (dB)
6. Conclusion
In this contribution, we discussed several issues on joint processing COMP in terms of precoding operation. We assumed the baseline of codebook-based precoding. 
· The codebook can be designed in a joint or disjoint manner across multiple transmission points. Overall, disjoint design is a special case of joint design and seems to be more flexible.
· CQI/PMI/RI computation and reporting can be done jointly or disjointly. Overall, the joint approach seems to be preferred. This system aspect needs to be decided first before other details on precoding can be finalized. 
Appendix: Simulation Assumptions

The simulation assumptions are given in Table 2.

Table 2. Simulation assumptions
	Parameter

	Explanation/Assumption

	Bandwidth
	5 MHz

	Antennas Configurations
	2x2

	2x2 Receiver
	LMMSE

	Fading model
	3 Kmph TU-6 delay profile

	Spatial channel model
	Tx and Rx correlation = 0.1, 

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	5, 10

	HARQ scheme
	Chase Combining 

	Max number of retransmissions
	3 (total of 4 transmissions)

	Number of HARQ processes
	8

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of OFDMA symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Overhead
	25%

	Processing delay 
	4 ms

	Channel estimation
	Ideal 
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