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1 Introduction
I this contribution we present our initial evaluation of CoMP for a homogeneous deployment with high Tx power radio remote heads (RRH) in line with phase 1 of the CoMP study item. 

2 Simulation Assumptions

The performance was evaluated in a homogeneous deployment with intra-site CoMP within three sectors, as well as CoMP clusters of 9 sectors, which spans over 3 different sites. The evaluations are idealized in that CSI-RS measurement errors (channel estimation errors at the UE) are modeled as zero, and that there is no quantization error in the feedback. Moreover, no frequency and time synchronization errors were modeled. Two levels of impairments are however modeled:

Upper bound: 
The eNB has per RB channel state information (CSI) with 1 ms delay, and ideal link adaptation
Some impairment: 
The CSI is signaled per subband (of 6 RBs), the feedback delay is 6 ms with a feedback periodicity of 5 ms, and non-ideal link adaptation. 
The evaluations are performed in the very high load scenario with 10 full buffer UEs per sector, which results in close to full resource utilization. The scheduler (for all schemes) dynamically switches between 1 or 2 layers per UE and allocates the resources proportionally fair in time and frequency. Conventional MU-MIMO, coordinated beamforming (CB), and joint transmission (JT) were evaluated, and in all these schemes multiple UEs where allowed to be co-scheduled.

For evaluation of joint transmission (JT), the CRS and PDSCH collision problem is not accounted for (e.g., it is assumed that the same CRS shift is used within the CoMP cluster, which in practice could severely degrade performance of the control channels and legacy terminals).

See the appendix for detailed simulation assumptions

3 Performance Evaluation

Figure 1 shows the performance achieved with idealized assumptions on CSI accuracy at the eNB, corresponding to the upper bound case above. MU-MIMO within a single sector was selected as the reference scheme, corresponding to the performance achieved without any coordination between sectors. Figure 2 shows the performance where the CSI at the eNB has some impairment. 
For the ideal case, we see that there are substantial gains with CoMP, in particular at cell-edge. Joint transmission excels with near-perfect channel state information and outperforms the other transmission schemes, demonstrating a significant gain at cell-edge without penalizing system throughput. The intra-site three-sector coordination achieves most of the gain, but for coherent JT an additional cell-edge boost is obtained with the nine-sector coordination cluster.
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Figure 1 Upper bound performance results with idealized CSI accuracy at eNB. The terminology “X CC” refers to a CoMP cluster size of X sectors, and CB/JT refers to coordinated beamforming and coherent joint transmission, respectively
Observations (for the uppber bound case, i.e., without any impairments):

· Coherent JT outperforms the other schemes, both in terms of served traffic and in cell-edge performance

· All coordination schemes show only a limited gain in terms of system throughput—the gain is at cell-edge. 
For the case with some CSI impairments, as shown in Figure 2, the system throughput gain for JT vanishes whereas CB shows a more robust behavior with a preserved served traffic gain over MU-MIMO. JT still shows a cell-edge performance advantage over CB and conventional MU-MIMO, which to some extent is achieved at the expense of a lower system throughput.
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Figure 2 Performance results with some impairments modeling. The terminology “X CC” refers to a CoMP cluster size of X sectors, and CB/JT refers to coordinated beamforming and coherent joint transmission, respectively

Observations (for the case with some impairment):

· Coherent JT is more sensitive to CSI impairments than CB
· With the modeled level of impairment, the served traffic gain for coherent JT, as seen in the ideal case, vanishes and is actually turned into a loss over MU-MIMO. The cell-edge performance of JT does however still outperform the other transmission schemes.

· CB exhibits robustness to moderate levels of impairments, both in terms of served traffic and cell-edge performance. In terms of served traffic, CB is the strongest performer.
· Three sector intra-site coordination harvests most of the achievable CoMP gain in a homogeneous deployment

From the evaluations it is apparent that it is challenging to demonstrate large gains in served traffic with CoMP in heterogeneous deployments, and the gain is confined to the cell-edge. It can, off-course, be argued that the fairness metric, to some extent, can be adjusted as to trade some of the cell-edge gain to cell-center terminals. 
4 Discussion

As expected, there are gains with CoMP (and coherent joint transmission in particular) with ideal CSI at the eNB. The main question is how, or if, this gain will be preserved in the presence of unavoidable impairments. It is clear from the evaluations herein, that coherent joint transmission is particularly sensitive to CSI errors, even the very modest level of impairment evaluated herein. Coordinated beamforming shows a more robust behavior, but the performance in the presence of CSI-RS measurement errors and CSI quantization errors remains to be seen, where previous evaluation results (e.g., in [2] ) has shown that coherent joint transmission, in particular, is sensitive to such errors.
Observation:

· It is too soon to draw any firm conclusions on the gains achievable with CoMP in the presence of practical impairments. Further evaluations are required to see the impact of CSI-RS measurement errors, PMI quantization errors, and (in case of JT) frequency synchronization errors. 

The evaluations also showed that in the presence of modest impairments, most of the CoMP gain could be achieved with intra-site three-sector coordination. When the presence of CSI-RS measurement errors are taken into account, this effect is expected to be more pronounced, because the CSI estimation accuracy to more distant (from path-loss perspective) sectors will be degraded—note that a terminal at the border of two sectors of a single site can have good path-loss gain to both sectors, which in combination with CSI-RS muting, provides for reasonable CSI-RS measurement accuracy.
Observation:

· It is expected that in case of homogeneous macro deployments, most of the CoMP gain is achievable by coordinating three sectors of a single site—in particular when CSI-RS measurement errors are accounted for in the evaluation.

In homogeneous deployments the achievable CoMP performance gain seems to be quite modest—note that also the case with some impairment is optimistic in terms of CSI accuracy at the eNB. From a performance point of view, CoMP as a technology seems more attractive in the case of heterogeneous deployments, where the interference exposure between the macro and pico layers can be an order of magnitude larger than the inter-sector interference in a well planned macro network. For example, the shared cell-ID scenario for heterogeneous deployments [1]  seems a particularly promising setup for achieving practical CoMP gains and also makes it easier to use joint transmission.
Observation:

· CoMP gains are expected to be more pronounced in heterogeneous deployments. In particular the shared cell-ID scenario seems promising for CoMP technology. 

5 Conclusions

The evaluations herein show that with ideal CSI at the eNB coherent joint transmission outperforms both coordinated beamforming and regular MU-MIMO with some margin. However, when a modest level of impairments is introduced the coordinated beamforming shows more robustness and preserves the advantage over MU-MIMO, both in terms of served traffic and cell-edge performance, whereas coherent joint transmission is more impairment sensitive. This sensitivity caused a loss in terms of served traffic (compared to conventional MU-MIMO), and the remaining performance gain of joint transmission is confined to the cell-edge users. Performance of coherent joint transmission, in particular, is expected to be further penalized by more accurate modeling of CSI-RS measurement errors and feedback quantization errors.

Further observations:

· It is too soon to draw any firm conclusions on the gains achievable with CoMP in the presence of practical impairments. Further evaluations are required to see the impact of CSI-RS measurement errors and CSI quantization errors 

· It is expected that in case of homogeneous macro deployments, most of the CoMP gain is achievable by coordinating three sectors of a single site—in particular when CSI-RS measurement errors are accounted for in the evaluation.

· CoMP gains are expected to be more pronounced in heterogeneous deployments. In particular the shared cell-ID scenario seems promising for CoMP technology in general and joint transmission in particular. 
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7 Appendix

Table 1: System level simulation assumptions.

	Parameter
	Assumption

	
	Uppder Bound
	Some Impairments

	Number of RBs per subband
	1
	6

	CSI Feedback delay
	1 ms
	6 ms

	CSI Reporting periodicity
	1 ms
	5 ms

	Link adaptation
	Ideal
	Non-ideal

	Feedback type
	CoMP cluster channel and interference covariance per subband

	Scheduler
	Proportional fair in time and frequency, with multi-user co-scheduling

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of cells 
	57

	Deployment model
	Homogeneous deployment with high Tx power RHHs

Zero backhaul/fiber latency

Hexagonal grid, 3 sector sites,

3 intra site or 9 sector CoMP clusters

	Inter site distance
	500 m

	Average number of UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	3GPP Case 1 (SCME Urban Macro High Spread)

	Transmit power per sector
	40 W

	BS antenna configuration
	4TX: 3GPP model. Two closely spaced ±45° cross-poles with 0.5 λ separation. Electronic tilt of 15 degrees is applied.


	UE antenna configuration
	2 RX: cross-polarized ±45°

	Receiver 
	MMSE with no inter-cell interference suppression













































































