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1
Introduction   


In previous RAN plenary meeting a work item on enhanced DL MIMO transmission for LTE Release 10 was agreed. The final decision on the potential inclusion of DL CoMP to this work item will be taken in March plenary. During RAN1 #59bis, a way forward has been agreed to focus on intra-site CoMP. Besides this, simulation assumptions have been agreed [1] to further evaluate CoMP performance under more realistic conditions. 
Based on our last contribution on the topic [2], we further analyze the performance of coordinated scheduling (CS)/coordinated beamforming (CB) and joint-processing (JP) CoMP under realistic feedback following agreed simulation assumptions [1]. Based on this analysis and evaluation, we share our view on the inclusion of CS/CB and JP technology for LTE downlink in Release 10.
2
CS/CB principles and challenges
· DL ICIC in Rel-8
There are many conceivable coordination methods to reduce the UEs’ observed interference. In Rel-8, for downlink interference coordination purpose, ICIC is supported with exchange of RNTP (Relative Narrowband Tx Power) message over X2. Rel-8 DL ICIC based on RNTP messages over X2 is thus limited to slow coordination in the frequency domain. Implementation specific schemes targeting fast coordination can also be applied, but the limitation of these schemes is the lack of detailed channel state information for the interfering channel at the serving eNB [3].
· Potential improvements for Rel-10
In order to enhance the system performance, in the past RAN WG1 meetings, various spatial domain interference coordination schemes have been proposed, such as coordinated scheduling (CS)/coordinated beamforming (CB), and joint processing (JP). The difference is that in JP, data is available in all cells within the coordinated set while in CB/CS, data is only available at the serving cell. However, both JP and CB/CS are intended to reduce the volume of interference. They have many things in common from that perspective. In the following paragraphs, CoMP term covers both CB/CS and JP. 
As a basic design principle of CoMP, the UEs feedback channel state information (CSI) to the eNB for selected interfering cells in addition to the serving cell CSI. The CSI is exchanged between the cells and based on that, the eNBs coordinate the scheduling decision and corresponding precoder on each time frequency resource to reduce the UEs’ observed inter-cell interference.
However, the observed interference reduction can not be always transferred into to system performance improvement in practical system.
· User pairing

In order to achieve spatial domain scheduling gain, the interference between the UEs scheduled in the same PRBs in different cells shall be minimized. For two UEs, the more their respective channels seen from the same eNB are orthogonal, the easier it is to generate the precoder for each of them. But with tighter constraint on the orthogonality, less UE pairs can be found to benefit from interference reduction. Increasing the number of cells within the cooperating set, the number of impacted UEs is increased when one UE is scheduled, which makes the user pairing problem even more severe. 
· Spatial versus frequency domain scheduling

The spatial domain scheduling will impose constraint on frequency domain scheduling, which may lead to some loss in frequency domain scheduling gains. In order to schedule the UEs with less spatial domain interference, the frequency domain scheduling flexibility may be reduced. Hence, some UEs may lose the best chance for transmission from frequency domain point of view. As a result, some cell-edge UE may experience some loss in signal power, although the interference is reduced.
· Realistic Feedback
CoMP highly relies on accurate CSI feedback. Under realistic feedback assumptions, e.g. taking into account latency and quantization of the feedback, it’s difficult to generate accurate precoder for the UE. Thus the gain of CoMP is expected to decrease significantly in practice. 
· Additional overhead wrt. single cell transmission
Since in CB/CS data is transmitted only from serving cell, there is no additional overhead compared to single cell transmission. For JP, since data is transmitted from multiple cells, additional overhead has to be considered.
1. CRS collision: Considering backward compatibility, neighbor cells should have CRS shifting. If a certain RE is used by some cell to transmitted CRS, the corresponding RE in neighbor cells has to be wasted since 3 cells have to transmit simultaneously in JP. Thus equivalent 6 CRS ports per coordinated set are adopted. There is no such issue if JP is performed in MBSFN subframe.
2. DM-RS overhead: Considering a typical JP scenario involving 3 cells altogether, this means that 3 UEs need to be paired together in order maintain the frequency reuse factor wrt. single-cell transmission. Hence a total of 3 orthogonal DM-RS ports are needed which translates to 24 REs according to the current Rel-10 design methodology. That applies for both MBSFN and normal subframe.
3 CoMP Simulation setup
3.1 General structure of CoMP scheduler

In this contribution, the scheduler is divided into 2 stages, the first stage is frequency domain packet scheduling (the same as for single cell transmission), and the second stage is Spatial Domain Packet Scheduling (SDPS). In frequency domain packet scheduling, the metric for each UE is calculated for each PRB based on UE reported CQI. For each PRB, UEs are ordered by the metric, and the first M UEs with the highest metric are kept as candidates for spatial domain scheduling where 3 cells are scheduled jointly. 
3.1 CQI/CSI
In order to enable CoMP, CQI and CSI feedback from UE are needed. For CQI, it is difficult for UE to get accurate CQI when CoMP is employed, because the scheduling decision is not available when the UE calculates the CQI. To get good performance the scheduler will have to compensate the UE reported CQI based on the final scheduling decision. 
In CB/CS simulations, CQI compensation is done in an ideal manner: spatial domain PS recalculates the CQI according to the CSI of all cooperation cells and the interference level outside the cooperating set is known as well. 
In JP simulation, UE calculates CQI assuming 3 cells transmission in single user mode. When PS pairs 3 UEs together by means of zero-forcing transmit precoding, mutual interference could be fully eliminated (assuming ideal CSI knowledge) at the cost of degradation of useful signal power. The level of decline in signal power depends on the orthogonality between paired UEs’ CSI (SDPS adjust the single cell scheduling decision to obtain maximal PF metric). The value of this power loss is used to scale the reported CQI to the real CQI for both PS and LA.
3.2
Spatial Domain Packet Scheduler
With 3*M selected UEs from 3 cells, the spatial domain coordination is performed at SDPS. For each PRB, SDPS will check all the UE pair candidates. In total, there are 
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 possible groups for each PRB for further selection. The best group will be finally selected based on the following metric:
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 is the compensated CQI depicted in the above section, 
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 is the fairness factor.
3.3 Feedback and Precoding
In a real system, eNBs can hardly expect perfect channel state information knowledge. In this contribution, we have also considered quantized PMI feedback to check CoMP performance. Note that the same feedback scheme is also applied to the corresponding single-cell SU-MIMO (rank-1) baseline transmission.
CB simulation results are conditioned to quantized and wideband PMI feedback based on Rel-8 codebook. Besides, wideband channel covariance matrix is also known by eNB to perform scheduling.
JP simulation results are conditioned to non-quantized subband Eigen-vector feedback. Each subband consists of 3 PRBs. 
Note that both CB/CS and JP results are conditioned to ideal channel estimation. Under current 1 RE/port/PRB CSI-RS design, channel estimation accuracy maybe not sufficient enough and estimation error should be considered in future simulation which might further degrade CoMP performance. 

For CB/CS SVD-based precoding is adopted where precoder is the main Eigen-vector of channel covariance matrix (R) between UE and the serving sector. 

In JP, UE perform SVD on the concatenated R of 3 cells and feedback the main Eigen-vector to eNB. The final precoder is selected by SDPS is obtained by performing ZF on concatenated precoder feedback from 3 UEs.
3.5 Other simulation assumptions
	Parameter
	Value

	　
	CB/CS
	JP

	System BW
	10 MHz (600 active sub-carriers,  50 PRBs)

	Collaboration area (CA)
	Intra-site 3 Sectors

	Channel model
	3GPP Case1 , 3D antenna tilting (15°) (High Spread) 

	Antenna configuration　
　
	Config.1   eNB: Cross-polarized (0.5 
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 spacing)   UE: Cross-polarized antennas 
	Simple SCM, coherence=0.97

	
	Config.2   eNB: Grouped co-polarized (0.5 
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 within group, 10 
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between group)                 UE: co-polarized antennas 
	

	
	Config.3   eNB: co-polarized (0.5 
[image: image11.wmf]l

 spacing)         UE: co-polarized antennas
	

	Traffic model
	Full buffer 

	Antenna Scheme per Cell
	4 TX by 2 Rx
	2 TX by 2 Rx

	Channel estimation error for Decoding
	Realistic, errors included in the Rel. 8 L2S interface

	HARQ
	Adaptive and asynchronous, non-blanking HARQ (default). 

	
	8 SAW channels per CW with ideal Chase combining @ UE (LTE-A)

	Scheduling Scheme
	FDPS+SDPS

	ACK/NACK, CSI delay
	4 TTI = 4 ms, 6 TTI = 6 ms 

	Feedback
	Ideal: un-quantized channel main Eigen vector + narrow band channel coherence matrix
	Un-quantized main Eigen vector for each subband(3 PRBs)

	
	Realistic: PMI for rel.8 codebook and wideband and channel coherence matrix 
	

	User per cell 
	10

	Overhead
	No additional overhead, same as the single cell (2CRS ports+2 DMRS ports)
	See section 4.2 

	PDCCH overhead
	3 OFDM symbols per TTI. 

	Rank Adaptation
	No, only Rank1.


4
CS/CB performance evaluation 
4.1
CS/CB performance
This section give CS/CB performance, where:

Grp  = antenna config.1, eNB: Cross-polarized (0.5 spacing), UE, Cross-polarized antennas
GrCoP= antenna config.2, eNB: Grouped co-polarized (0.5 l within group, 10 l between group) UE: co-polarized antennas 

CoP  = antenna config.3, eNB: co-polarized (0.5 l spacing), UE: co-polarized antennas

SiC = Single cell transmission as the baseline to get relative gain.
CB = Cooperated beamforming/scheduling
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Fig.1 CB/CS Throughput conditioned to ideal feedback
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Fig.2 CB/CS Throughput conditioned to quantized feedback
Fig.1&2 shows the CB/CS throughput under ideal and quantized feedback assumptions, respectively. In ideal feedback scenario, the gain from CB is quite significant on both average and cell-edge throughput level. However, when quantized feedback is considered, there is only moderate gain from CB since performance of beam/scheduling coordination highly relies on good knowledge of CSI.
	　
	Ideal feedback
	Quantized Feedback

	　
	Avg
	5%
	Avg
	5%

	Cross-polarized 
/*0.5lamda*/
	13.87%
	13.04%
	0.62%
	6.57%

	Group co-polarized
/*0.5lamda 10lamda*/
	14.49%
	14.86%
	0.84%
	6.84%

	co-polarized
/*0.5lamda*/
	12.70%
	11.64%
	0.76%
	3.54%


 Table.1 Gain over SU-MIMO for CB/CS under ideal/quantized feedback. 
4.2 JP results
As described at the end of Section 2, JP CoMP schemes involve additional overhead. In our simulations, we consider both no additional overhead (ideal case) and realistic overhead. Since normal subframe and MBSFN sub-frames incur different overheads, we also provide results for different ratios of MBSFN and normal sub-frames.
In MBSFN sub-frame, JP needs 2 extra DMRS ports (12 REs as additional overhead). In our simulations, single cell baseline assumes 1 DMRS port (12 REs), while JP needs 3 orthogonal DMRS (24REs) as described in Section 2). 
In normal sub-frame, besides 2 extra DM-RS ports (12RE), JP needs to handle the CRS collision issue. When one RE is transmitted as CRS by one cell, the other 2 cells have to puncture that particular RE. That triples the overhead from CRS. In our simulation, single cell has 2 CRS ports (16 RE), JP has the equivalent of 6 CRS ports in terms of overhead (48 REs). 
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Fig.3 JP Throughput without extra overhead
	Scenarios
	Average gain
	Cell-edge gain

	Ideal 
	No additional overhead for JP (same as single cell)
	13.33%
	28.23%

	Realistic Overhead

Additional CRS+DMRS
	All MBSFN
	0.73%
	13.99%

	
	MBSFN: 60%
Normal SF: 40%
	-15.83%
	-4.25%


Table.2 Gain over SU-MIMO for JP CoMP for ideal/realistic overhead considered (ideal CSI is assumed)
5
Conclusions

In this contribution we have analyzed the performance of CS/CB trying to highlight potential difficulties that may be encountered during Rel-10 standardization. All the simulation results are conditioned to Rank-1 transmission only scenario. The performance gain of CoMP with rank adaptation is FFS.
Observations:
· Under ideal feedback condition (per PRB, non-quantized), CB could give roughly 11%-15% gain on average and cell-edge throughput gain.
· Under quantized feedback scenario with wideband PMI/Channel coherence matrix, single-cell transmission performance degraded only by ~5%, but CB performance degraded much more. Thus CB gain is easily eaten up since it is highly relies on high accuracy of CSI to perform coordination. Only ~5% cell-edge gain remains while no gain is left at average throughput. 
· Without considering additional RS overhead, JP could give ~13% and ~30% gain on average and cell-edge throughput, assuming non-quantized Eigen-vector feedback (ideal CSI feedback) 
· When additional overhead considered, e.g. extra DMRS and data punctured for CRS, JP performance degrades significantly thus only minor gain has been found comparing with single cell transmission.
· The impact of CSI measurement and feedback errors was not modeled. Furthermore, as the reference case for single cell transmission SU-MIMO was assumed instead of MU-MIMO. It can be assumed these imperfections will further reduce the gains from both CB and JP.
Conclusion:
While we recognize the theoretical gain potential of CoMP MIMO schemes, in the light of existing analysis and also bearing in mind the system complexity aspects it seems premature to include neither CB nor JP CoMP into LTE Rel-10. With respect to inter-cell coordination, rather promising performance improvements have been observed in the context of Heterogeneous Networks with simple and robust methods not relying on very accurate multi-cell channel estimation  or spatial coordination [4]. There is anyway significant amount of DL MIMO related work to be finalized for LTE Rel-10 with the target completion date just a few months away. Hence we propose to focus the near term future efforts related to Coordinated Multipoint Transmission into HetNet discussions and to exclude the inter-cell MIMO related CoMP aspects from Rel-10 Enhanced DL MIMO Transmission Work Item. 
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