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1. Introduction
CoMP schemes with coordinated beamforming have been studied extensively as part of Release-10 Study Item. The focus was also significantly on explicit channel and covariance feedback based schemes that can achieve better interference suppression. Some of the previous results indicate that the performance gains can be limited even in this case (~15%). With further impairments on CSI feedback, the gains may be expected to be smaller. 

On the other hand, the advantage of RRH deployment scenarios is that coordinated beamforming can be implemented in a joint scheduler without any X2 exchange delays of scheduler information. However there are challenges, such as i) CQI prediction at the eNB based on actual UE feedback that may be derived based on some fixed hypothesis, and ii) insufficient spatial information for interference suppression based on SU-MIMO codebooks. 

As a baseline, we could also further study the coordinated scheduling schemes exploiting non-spatial/power domain as well for coordinated interference suppression, which may be more robust to impairments.  This could be similar to eICIC schemes, and based on dynamic muting of interference from significant cells. Further they may be more suitable for certain antenna configurations with limited spatial gains.
In this contribution however, we evaluate coordinated beamforming performance based on Scenario 2 with ITU UMi channel models. 

2. Further Details of Coordinated Beamforming Operation
2.1. Joint Iterative Scheduler

An iterative joint scheduler is used for the 9 cells to derive the selected users and the precoding information. Details of the algorithm are similar to that presented in our previous contributions (see [10]).
To summarize, the iterative scheduler performs initialization, interference update and the per cell iterations. In the initialization step, the selected users, MIMO mode and the precoder are determined per cell similar to single-cell MIMO. In the update stage, interference seen at each UE in each cell is updated to include the knowledge of known beamforming applied in each cell in the cluster. The iteration can now be performed at a centralized scheduler. 
In further iterations, the precoder in a cell-k is determined as follows to maximize Signal to Leakage Noise Ratio (SLNR).
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 is the victim UE set of cell-k, i.e the UEs significantly affected by cell-k interference, 
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is the post-CoMP interference seen at the UE-j from cells in its reporting set, 
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 is the measured covariance matrix of cell-k measured at UE-i. The corresponding rate is derived based on the determined precoder and the effective rate is further determined also adding a cost component which captures change in rate in other cells. Finally, the user with the best rate and the MIMO mode are selected.
Due to the low latency fiber connection assumption in Scenario-2 deployment, exchange of precoding, interference and active/victim UE information need not be performed over X2 for distributed scheduling, and hence no associated delay and scheduling constraints need to be modeled. The iterations are performed for each subframe.  
2.2. UE Feedback/CQI Aspects
For coordinated beamforming, improved channel feedback may be needed to obtain significant gains. One option is to consider subband covariance feedback in the study, which has been shown to give good interference suppression gains. 
As an extension however, given the support of codebook based feedback in Release-10, approximation of covariance based on PMI may be considered as follows.
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 is the PMI obtained from UE feedback. The covariance approximation is a reduced-rank approximation based on either rank-1 or rank-2 reported by the UE. Further the two Eigen-values can be approximated as follows
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is a eNB reference mapping from a CQI index reported to an SNR value. 

The approximation may be the best under the current PMI feedback framework, but we should also address some problems in a real world implementation, such as:
i) The UE receiver could be a linear receiver like MMSE/MRC or non-linear receiver like ML or ML-SIC. It would be very difficult for eNB to guess behavior of different UEs, and hence affect the robustness of the above approximations for certain receivers.

ii) For a scheduler, more specific information of CQI capturing interference outside the cluster and that within the cluster may be needed. The benefit of selecting a particular beam-former and a particular UE can be captured more accurately in terms of interference reduction to victim UEs in coordinating cell and performance loss within the serving cell. However the CQI as currently supported in Release-10 simply reflects the interference measured on a fixed reference resource (CRS or CSI-RS).

ii) Predicting the CQI incorporating the modified parameters selected by the scheduler, is also challenging. Again this is due to imperfections in translating the CQI as reported by the UE without knowledge of UE receiver or interference observed.

So, the result of some of these impairments may actually result in performance loss unless there is enhancement to overcome these issues or additional feedback is introduced for Release-11. 
2.3. UE Measurement and Link Adaptation

The link adaptation is modeled with two models, which are summarized below. 
Model 1 (No CSI Impairments): Ideal CSI, No feedback delay (No HARQ, i.e., Goodput based), No Estimation Errors, Ideal Subband Covariance Matrix 
Model 2 (CSI with Impairments): Delayed CSI, Frequency selective interference modeled, No estimation errors in channel and reference interference measurements. Outer loop link adaptation based on ACK/NACK feedback. Covariance matrix approximation based on PMI/CQI/RI
The impairments capture the degradations due to time delay of CSI feedback, HARQ and other errors in interference measurement. In the simulation result, we have used model 2, with CRS-based interference estimation reflecting interference seen from all cells.

3. Evaluation Results 

The results are shown below with full buffer and non-full buffer FTP traffic Model 2 with K users, where K varies in the range [5-20] to capture 50% resource utilization (RU). The antenna configuration is a 4Tx closely spaced cross-pol. Additional simulation assumptions are summarized in the Appendix. UE reports subband (6RB) feedback of CQI/PMI. 

3.1. No CSI Impairments
Table 1 - Full Buffer Results with Ideal CSI

	Transmission Mode
	Cell Average S.E

(bps/Hz)
	5% Cell Edge User S.E

(bps/Hz)

	SU-MIMO
	2.18
	0 %
	0.066
	0 %

	SU-MIMO/CBF
	2.57
	17.9 %
	0.079
	19.7%


Table 2 - Non-Full Buffer Results with Ideal CSI

	Load
	Avg. User S.E

(bps/Hz)

          
	5% User S.E

(bps/Hz)
	Served Cell S.E

(bps/Hz)
	Resource Utilization (%)

	SU-MIMO

K=5
	2.91
	0 %
	1.02
	0%
	0.32
	16

	SU-MIMO/CBF K=5
	3.12
	7 %
	1.15
	12 %
	0.32
	16

	SU-MIMO

K=10
	2.46
	0 %
	0.79
	0 %
	0.64
	30

	SU-MIMO/CBF
K=10
	2.76
	12 %
	0.86
	9 %
	0.65
	27

	SU-MIMO

K=15
	1.93
	0 %
	0.67
	0 %
	0.94
	47

	SU-MIMO/CBF K=15
	2.29
	19 %
	0.83
	23 %
	0.96
	41

	SU-MIMO

K=20
	1.51
	0 %
	0.52
	0 %
	1.24


	64

	SU-MIMO/CBF K=20
	1.85
	23 %
	0.67
	29 %
	1.25
	57


With coordinated beamforming and no CSI impairments, both cell-edge and user-average throughput show significant performance gains of 7-30%, with larger gains for cell-edge throughput. Smaller gains are observed for low load scenarios.
3.2. CSI with Impairments
The following table summarizes the result with CSI impairments and full-buffer traffic models. UE reports the CQI/PMI/RI based on the PUSCH 3-2 feedback mode in release-10. The subband covariance matrix is approximated based on the reported PMI. Further the CQI is predicted based on the reported CQI as reference, and taking into account the updated precoders at each cell. 
Table 1 - Full Buffer Results (with CSI Impairments)

	Transmission Mode
	Cell Average S.E

(bps/Hz)
	5 % Cell Edge User S.E

(bps/Hz)

	SU-MIMO
	1.77
	
	0.053
	

	SU-MIMO/CBF
	1.75
	-1%
	0.054
	+2%


Cell-edge throughput shows some marginal improvement, with some minor performance degradation for cell average throughput. Due to the flash light effect with beamforming for 4Tx, degradation due to CQI impairment is expected. However, coordinated beamforming shows some additional loss due to CQI mismatch from precoding and change of intra-cluster interference, which may explain much smaller gains with CSI impairments for CBF. 

4. Conclusions

In this contribution, we evaluated Coordinated Beamforming (CBF) schemes based on Scenario 2 with joint scheduling up-to 9 cells.  ITU UMi channel model is used. Based on the results, we have following conclusions.

With ideal CSI feedback:

i) 18% gain for cell-average and 20% for cell-edge is observed over SU-MIMO for full buffer traffic.

ii) 7-23% gain is observed for average user throughput and 12-29% for cell-edge user throughput, when resource utilization is varied in the range [15-60] % for non-full buffer traffic model 2.

With CSI impairments:

i) 2% improvement is observed for cell-edge user throughput, with 1% loss in cell-average throughput is seen for full-buffer traffic models.

5. References

[1] R1-111600 CoMP Phase-1 Evaluation Results for Joint Transmission Schemes, RAN1 #65

[2] R1-111284, Updated Evaluation Results for Phase-1, Motorola Mobility, RAN1 #65

[3] R1-110868, Joint Processing Schemes for RRH Deployments – Phase 1 Evaluation Results, Motorola Mobility, RAN1 #65

[4] R1-110871, CoMP Schemes with Backhaul Constraints and the Modelling Discussion, Motorola Mobility, RAN1 #65

[5] R1-110870, Remaining Issues on Simulation Assumption for CoMP in Heterogeneous Deployments, Motorola Mobility, RAN1 #65

[6] R1-110603, CoMP Simulation Assumptions, NTT DOCOMO, RAN1 #64 
[7] R1-110871, CoMP with Backhaul Constraints and Modelling Discussion”, Motorola Mobility, RAN1#64
[8] R1-110870, Remaining Issues on Simulation Assumptions for CoMP in Heterogeneous Deployment, Motorola Mobility, RAN1 #64
[9] R1-092634, CoMP Operation Based on Spatial Covariance Feedback and Performance Results of Coordinated SU/MU Beamforming, Motorola, RAN1 #65
APPENDIX

	Parameter
	Value

	Performance metrics
	Full buffer traffic: Mean Served Cell Throughput, Cell-Edge (5%) User throughput 

Non Full-buffer traffic: Mean Served Cell Throughput, Mean User Throughput, Cell-Edge (5%) User throughput


	Deployment scenarios
	Homogeneous network with high Tx power RRHs [Scenario 2]
The central entity can coordinate 9 cells as a baseline (Reference layout below) 
[image: image9.emf]


	Simulation case
	ITU UMi 

	High power RRH Tx power (Ptotal)
	Same as Macro

	Number of UEs per cell
	10 (for Full Buffer)

5-20 (Non-Full Buffer)


	System bandwidth
	10 MHz 

	Possible transmission schemes in DL
	i) SU-MIMO

ii) Intra-eNB CBF

	Legacy UE impact
	Not modeled

	Network synchronization
	Ideal Synchronization

	Timing Error
	Baseline: 0 us

	Antenna configuration
	At each RRH

4Tx antennas, Cross-pol, 0.5 Lamba spacing , X X

At the UE

2Rx cross-pol: X


	Antenna pattern
	For macro eNB and high-power RRH: Annex A 2.1.1.1 Table A.2.1.1-2



	eNB Antenna tilt
	For macro eNB and high-power RRH:

Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814


	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Implicit Feedback

Other details in contribution

	Channel estimation
	Modeled for DMRS, Ideal for CSI-RS 

	UE receiver
	MMSE

	DL overhead assumption
	Same overhead assumed for all schemes as follows

· 4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH) + 2CRS ports outside PDCCH region + DMRS
· 6 subframes out of 10 have an overhead of 2 OFDM symbols for PDCCH + DMRS.

	Placing of UEs
	Uniform distribution

	Traffic model
	i) Full buffer: 10 Users

ii) Non Full Buffer (TR 36.814): 

FTP Model 2 with K Users,

0.5 MB File Size, Reading time exponential with mean of 5s. 

	Backhaul assumptions
	 Point-to-point fiber, zero latency and infinite capacity

	Link adaptation
	Non-ideal;

Two models used

i) Ideal CQI, No HARQ/Goodput based

ii) Delayed CSI with HARQ; No estimation errors; Outer Loop


	Allocation
	Subband Size of 6 RBs; Subband CQI/PMI

Wideband RI

	No of Drops
	10

	Inter-cell Interference Modeling
	Scheduling is not explicitly modeled in the rest of 48 cells, but the frequency selective interference is considered from up to 6 significant interferers and the rest are modeled as flat AWGN. A resource utilization of 50% is modeled for non-full buffer traffic models.

	Feedback Mode
	Similar to PUSCH 3-2, 10ms report cycle

i) Ideal Subband Covariance Matrix
ii) Subband Covariance Matrix based on PMI/CQI reported by the UE


Table 1: System simulation parameters 

Channel Estimation Model

In the evaluation, the following model is used for the estimated channel,
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A straightforward baseline design is assumed for channel estimation. The channel estimation filters are assumed to be available/designed for three different SNRs and three different Dopplers. In the receiver, for an estimated SNR and Doppler the filter with the nearest design SNR and Doppler is selected. The estimation error variance is modeled as Gaussian with error variance parameterized as follows
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where the first component captures interpolation error (mainly useful for high SNR/Doppler) and second component captures noise gain of the filter. 
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