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1. Introduction

In this contribution we present our evaluation results of intra-site CoMP in line with the agreed [1] evaluation assumptions in [2]. The focus has been on evaluating the impact of realistic system assumptions on the performance of CoMP schemes. As expected, compared with single-cell MU-MIMO, advanced CoMP schemes show a large performance advantage with ideal assumptions on CSI accuracy on the eNodeB. However, when channel estimation errors and feedback delays are modeled, the performance advantage vanishes and single-cell MU-MIMO outperforms the CoMP schemes. 

In this contribution we try to capture how the actual CoMP transmission performs, and the focus is not on practical feedback/sounding in support of CoMP. This ambition is instead captured by making the assumption that the CSI is conveyed to the eNodeB without any quantization errors; that is, the non-quantized complete channel matrix and interference plus noise covariance matrix is available to the eNodeB. Instead, we model impairments such as CSI estimation errors, feedback delay, feedback periodicity, feedback subband size (frequency granularity), etc. Needless to say, the CSI feedback is less accurate than considered herein if also practical assumptions on feedback overhead were to be considered. In general, the simulation assumptions have been made to favor the CoMP setup. For instance, we do not account for the DM-RS overhead incurred when allocating large number of orthogonal streams, which is the case in joint processing CoMP.  
Even without imposing limitations on the feedback quantization resolution and DMRS overhead, single-cell MU-MIMO based approaches outperforms joint processing CoMP. The results in this contribution indicate that CoMP is still an immature technology, and it is currently not clear which schemes that can provide gain with practical non-ideal assumptions for the considered antenna deployments.
2. CoMP Evaluation Results

For the agreed intra-site evaluation scenario, joint transmission appears in principle to be the most promising CoMP scheme, in particular when obstacles such as CRS—PDSCH collisions are ignored as we do herein
. 

By the agreed assumptions, the two cases with 2 UEs per cell and 10 UEs per cell, respectively, were to be considered. The case of 2 UEs per cell is expected to maximize the relative performance gains of CoMP compared with MU-MIMO, considering the limited UE grouping possibilities for single-cell MU-MIMO in this scenario. 
The simulation results for 2 UEs/cell are shown in Figure 1 and Figure 2 for 2 Tx and 4 Tx, respectively, and for 10 UEs/cell in Figure 3 and Figure 4 for 2 Tx and 4 Tx, respectively. The performance is evaluated under idealized assumptions (marked “ideal” in the figure) as well as for an “impaired case”, which is more impaired than the “ideal case” but is still not modeling all impairments encountered in practice
. It is expected that advanced schemes, such as CoMP, will be penalized proportionally more by additional impairments compared with single-cell MU-MIMO since they tend to exploit more detailed properties of the channel.
As can be seen from Figure 1 and Figure 2, with idealized assumptions joint processing CoMP outperforms MU-MIMO by a significant margin of approximately 20 -- 30% for 2 Tx as well as 4 Tx, both in terms of average cell throughput and cell edge user throughput (5-precentile user throughput). However, when the impairments are modeled the CoMP scheme is seen to be sensitive to impairments and shows a performance loss compared with MU-MIMO. The same relative performance is observed in Figure 3 and Figure 4 for the 10 UE/cell scenario.
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Figure 1: Joint transmission CoMP versus MU-MIMO with and without impairments for 2 Tx and 2 Rx, for 2 UEs/cell.
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Figure 2: Joint transmission CoMP versus MU-MIMO with and without impairments for 4 Tx and 2 Rx for 2 UEs/cell.
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Figure 3 Joint transmission CoMP versus MU-MIMO with and without impairments for 2 Tx and 2 Rx for 10 UEs/cell.
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Figure 4 Joint transmission CoMP versus MU-MIMO with and without impairments for 4 Tx and 2 Rx for 10 UEs/cell.
3. Conclusions

Our performance evaluation shows that CoMP exhibits interesting gains with idealized assumptions. On the other hand, when impairments are introduced to add some degrees of realism to the evaluations, gains vanish. As also pointed out in [3], at this point it is unclear how to enable CoMP to perform well in real-life situations. This is not too surprising considering that CoMP is a relatively new topic and has not reached a level of maturity where it is fit for standardization. 
Since we are unable to see solid gains with CoMP we can only arrive at the following conclusion

· Focus Rel-10 on SU-MIMO and MU-MIMO and leave standardization of functionality for CoMP to a later release when it has reached a sufficient degree of maturity.

Considering the present result, it is not clear if it is worthwhile to proceed with the CoMP evaluation for dynamic traffic models: The relative performance between CoMP and MU-MIMO is not expected to change dramatically, and moreover SU-MIMO will become more competitive in low load settings.
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A. Models and Assumptions

Models and assumptions are aligned with the guidelines provided by 3GPP in TR 36.814 [4] and the agreed CoMP evaluation assumptions in [2]. A summary of the evaluation assumptions is given in Table 1.
Table 1. Models and assumptions beyond 3GPP Case 1.
	Parameter
	Value

	Bandwidth
	10 MHz 

	Scheduler
	Proportional Fair in Time and Frequency
Search based method for joint determination of precoder, UE grouping and frequency domain scheduling
Maximum number of co-scheduled UE per sector for MU-MIMO: 2 for 2 Tx, 4 for 4 Tx

Maximum number of co-scheduled UEs per site for CoMP: 6 for 2 Tx, 12 for 4 Tx

	Load and traffic
	2 full buffer UEs per cell

	Downlink transmission schemes 
	a) MU-MIMO using regularized zero-forcing

b) Joint transmission CoMP using regularized zero-forcing
Single layer per UE

	Receiver type
	MMSE

	HARQ scheme
	Incremental redundancy

	Network synchronization
	Synchronized 

	Link adaptation
	Non-ideal, based on delayed feedback

	Antenna configuration
base station
	a) 2 Tx: ±45 cross-pole
b) 4 Tx: two ±45 cross-poles spaced 0.5 wavelengths apart
3GPP 3D antenna with tilt

	Antenna configuration UE
	2 Rx: ±45 cross-pole

	Impairments
	Ideal

Ideal CSI estimation
Feedback delay: 1 ms

Feedback periodicity: 1 ms

Feedback subband size: 1 RB

Channel flat within an RB


	Impaired

Non-ideal CSI estimation
(realistic SINR aware CSI RS based channel estimation error modelling)

Feedback delay: 6 ms

Feedback periodicity: 5 ms

Feedback subband size: 4 RBs
Channel varies within an RB



	Feedback
	Non-quantized complete channel matrix for each of the three sectors on the site

Interference plus noise covariance matrix



	RS and Control Channel Overhead
	2 Tx: 28.57% -- 3 OFDM symbols for control, 2 Rel-8 CRS
4 Tx: 30.95% -- 3 OFDM symbol for control, 4 Rel-8 CRS

(2 Rel-8 CRS may be more practical but this does not affect relative performance comparison of MU-MIMO versus CoMP)
Additional overhead from UE specific RS not taken into account

CSI-RS overhead is not taken into account


� Herein, we assume that JP CoMP can be applied as if all subframes were MBSFN subframes, an assumption that is highly beneficial for JP CoMP.


� Factors not modeled include: Feedback quantization errors; DMRS overhead; CRS—PDSCH collisions.





