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Introduction
In this contribution we present our CoMP phase 2 evaluation results. For full buffer traffic model, CS/CB and JP performance in scenario 3 is provided (heterogeneous scenario with low power RRHs with distinct cell-ids). For FTP traffic model 1, only JP performance is provided. All results are given for two different UE distributions and two different cooperation set assumptions. In conclusion we provide a number of observations related to the performance gains from CoMP that we propose 3GPP to agree on.
2
Simulation Setup
Algorithms: 
a) CS/CB - Coordinated scheduling and beamforming is done in a distributed (and iterative) manner at each macro/LPN assuming infinite capacity links for sharing information within the coordinating set of macro/LPNs. Transmission techniques at each macro/LPN employ silencing, rank-1, rank-2, SU techniques and their counterparts with null-steering. Two or three eNBs can cooperate for transmission to a single UE.
b) JP – Joint processing assumes centralized scheduling for a set of coordinating eNBs. Techniques for joint processing include dynamic cell selection and SU-MIMO (rank1, rank2) joint transmission from two eNBs. These techniques are dynamically chosen over single cell SU-MIMO techniques.
Deployment scenario: Scenario 3 is modeled with both single cell and 3 cell (intra-site) coordination according to [1] with 0-bias RSRP based association. Interference to any given UE is explicitly modeled from coordinated as well as uncoordinated cells.

Feedback scheme: 
a) CS/CB - The knowledge of a wideband covariance matrix is assumed at the eNB for each served UE. In addition, for UEs served with CoMP transmission methods the knowledge of a wideband covariance matrix is assumed at the eNB for each coordinating eNB (a maximum of 3 eNBs can coordinate transmission for any given UE). The wideband covariance matrix is delayed by 5ms but is otherwise ideal. TxD CQI feedback (as in TM7, TM8) is assumed with a delay of 5ms. The assumption of a wideband covariance is intended to model SRS based beamforming in a TDD system. Since SRS estimation error models are not assumed (or agreed), a wideband covariance is envisioned to reflect a realistic scenario more closely than the assumption of an ideal sub-band covariance matrix. In addition to CQI feedback, the relative powers (long-term) of at most two dominant interferers are also assumed to be known at the serving eNB (for CoMP UEs). 

b) JP – Wideband CQI/PMI/RI for serving cell for all UEs is assumed, in addition wideband PMI/CQI/RI for cooperating cell and wideband PMI/CQI/RI for joint channel of serving and cooperating cell is assumed for CoMP eligible UEs, LTE Rel-8 2Tx and 4Tx codebooks used, feedback delay 5ms (enables DCS and JT)
Inter-eNB communication assumes no latency and coordinating eNBs are assumed to share scheduling and feedback information with 0-delay.
3. Simulation Results
3.1 Full buffer traffic model results
Table 1: Full-buffer CoMP gains in configuration 1, scenario 3, 2x2
	
	Tx Scheme
	Cell Area Tp (Mbps)
	5% User Tp (Mbps)
	50% User Tp (Mbps)

	JP: Full-buffer, Codebook based feedback 


	SU-MIMO TM4
	 (0%)
	 (0%)
	 (0%)

	
	JP 5 cell
	 -0.09%
	 +16.37%
	 +7.05%

	
	JP 15 cell
	 -0.10%
	 +28.93%
	 +7.10%

	CB/CS: Full-buffer, SRS based feedback
	SU-MIMO TM8
	 (0%)
	 (0%)
	 (0%)

	
	CB/CS SRS 5 cell
	 +0.69%
	 +4.44%
	 +3.93%

	
	CB/CS SRS 15 cell
	 +1.58%
	 +9.77%
	 +5.84%


Table 2: Full-buffer CoMP gains in configuration 4b, scenario 3, 2x2
	RU@ SU-MIMO
	Tx Scheme
	Cell Area Tp (Mbps)
	5% User Tp (Mbps)
	50% User Tp (Mbps)

	JP: Full-buffer, Codebook based feedback 


	SU-MIMO TM4
	 (0%)
	 (0%)
	 (0%)

	
	JP 5 cell
	 +1.40%
	 +16.79%
	 +8.04%

	
	JP 15 cell
	 +1.37%
	 +23.60%
	 +8.08%

	CB/CS: Full-buffer, SRS based feedback
	SU-MIMO TM8
	 (0%)
	 (0%)
	 (0%)

	
	CB/CS SRS 5 cell
	 +1.44%
	 +7.20%
	 +4.32%

	
	CB/CS SRS 15 cell
	 +2.30%
	 +10.36%
	 +5.72%


We make the following observations from our study with full-buffer traffic:

Observation: CoMP only has limited gains in average throughput, but higher gain for the cell-edge throughput ( 5% - 28%).
Observation: The gains with JP are only moderately higher than with CS/CB. It is expected that considering more impairments may further reduce the margin.

Observation: The CoMP gains are comparable for both UE distribution configurations 1 and 4b

Observation: Additional CoMP cell edge gain is seen when the cooperation set size is increased (from 5-17% to 10-28% in cell edge gain). Taking more impairment into account this difference is expected to decrease.

3.2 FTP traffic model results
	RU@ SU-MIMO
	Tx Scheme
	Cell Area Tp (Mbps)
	5% User Tp (Mbps)
	50% User Tp (Mbps)
	Mean User Tp (Mbps)

	RU= 0.6617
	SU-MIMO
	48.1902
	0.4274
	3.8135
	7.5024

	RU= 0.7057
	JP 5 cell
	48.8796 (+1.43%)
	0.4887 (+14.34%)
	3.7951     (-0.48%)
	7.0650   (-5.83%)

	RU= 0.7164
	JP 15 cell
	49.2696 (+2.24%)
	0.5631  (+31.75%)
	3.6945     (-3.13%)
	6.9086   (-7.91%)

	RU= 0.5728
	SU-MIMO
	42.7905
	0.6069
	5.2954
	9.2913

	RU=0.6081
	JP 5 cell
	43.2693 (+1.12%)
	0.6870 (+13.2%)
	5.3584 (+1.19%)
	9.0452   (-2.65%)

	RU=0.6202
	JP 15 cell
	43.6264 (+1.95%)
	0.7958 (+31.13%)
	5.2314     (-1.21%)
	8.8416   (-4.84%)

	RU= 0.4659
	SU-MIMO
	36.5246
	1.0410
	8.0353
	12.3482

	RU=0.4942
	JP 5 cell
	36.7812 (+0.70%)
	1.1271 (+8.27%)
	8.2156 (+2.24%)
	12.2041   (-1.17%)

	RU=0.5074
	JP 15 cell
	37.0423 (+1.42%)
	1.3145 (+26.27%)
	7.9996     (-0.44%)
	11.9268  (-3.41%)

	RU=0.3148
	SU-MIMO
	29.1947
	2.5863
	14.4647
	19.1260

	RU=0.3426
	JP 5 cell
	29.2081 (+0.05%)
	2.5741      (-0.47%)
	14.4176    (-0.33%)
	18.7433   (-2.0%)

	RU=0.3560
	JP 15 cell
	29.3099 (+0.39%)
	2.9079 (+12.43%)
	14.1167    (-2.41%)
	18.3938  (-3.83%)


Table 3: FTP traffic CoMP gains in configuration 1, scenario 3, 2x2

	RU@ SU-MIMO
	Tx Scheme
	Cell Area Tp (Mbps)
	5% User Tp (Mbps)
	50% User Tp (Mbps)
	Mean User Tp (Mbps)

	RU=0.6443
	SU-MIMO
	56.1711
	1.3462
	9.0825
	13.5002

	RU=0.6751
	JP 5 cell
	56.7260 (+0.99%)
	1.6012 (+18.94%)
	9.2688 (+2.05%)
	13.2594  (-1.78%)

	RU=0.6835
	JP 15 cell
	56.8898 (+1.28%)
	1.7555 (+30.40%)
	9.0520     (-0.34%)
	13.0494  (-3.34%)

	RU=0.5052
	SU-MIMO
	48.6119
	2.4637
	13.6523
	18.2364

	RU=0.5380
	JP 5 cell
	48.8456 (+0.48%)
	2.7104 (+10.01%)
	13.7923 (+1.03%)
	17.9874  (-1.37%)

	RU=0.5501
	JP 15 cell
	48.8967 (+0.59%)
	2.8638 (+16.24%)
	13.4051    (-1.81%)
	17.6090  (-3.44%)

	RU=0.3377
	SU-MIMO
	39.8911
	4.8927
	22.2626
	26.2827

	RU=0.3712
	JP 5 cell
	39.8981 (+0.02%)
	4.9657 (+1.49%)
	21.6435    (-2.78%)
	25.5735  (-2.70%)

	RU=0.3834
	JP 15 cell 
	39.9172 (+0.07%)
	5.0474 (+3.16%)
	21.1613    (-4.95%)
	25.1134  (-4.45%)

	RU=0.1893
	SU-MIMO
	30.1118
	9.1988
	35.5227
	37.0151

	RU=0.2180
	JP 5 cell
	30.1013    (-0.03%)
	9.1621     (-0.4%)
	33.4655    (-5.79%)
	35.6582   (-3.67%)

	RU=0.2261
	JP 15 cell
	30.0880    (-0.08%)
	9.3259 (+1.38%)
	32.8195    (-7.61%)
	35.1739  (-4.97%)


Table 4: FTP traffic CoMP gains in configuration 4b, scenario 3, 2x2

We make the following observations from our study with FTP traffic model:
Observation: CoMP gain could be higher in finite buffer (high load) than in full buffer case.
Observation: For FTP traffic model with low load, CoMP does not provide any gain

4
Conclusion
In this contribution, we gave our performance evaluation results for both full buffer traffic and FTP traffic results for heterogeneous network scenario. For full buffer, we tried CS/CB and JP to effectively suppress inter-cell interference while for FTP traffic model we only evaluate JP.
From the results we make the following observations, that we propose 3GPP to agree on:
Observation: CoMP only has limited gains in average throughput, but higher gain for the cell-edge throughput ( 5% - 28%).
Observation: The gains with JP are only moderately higher than with CS/CB. It is expected that considering more impairments may further reduce the margin.

Observation: The CoMP gains are comparable for both UE distribution configurations 1 and 4b

Observation: Additional CoMP cell edge gain is seen when the cooperation set size is increased (from 5-17% to 10-28% in cell edge gain). Taking more impairment into account this difference is expected to decrease.
Observation: CoMP gain could be higher in finite buffer (high load) than in full buffer traffic case.
Observation: For FTP traffic model with low load, CoMP does not provide any gain

Appendix. Full buffer simulation parameter list
	Parameter 
	Assumption

	
	

	Deployment Scenario
	Scenario -3:

Heterogeneous network with low power RRHs within the macrocell coverage 
· transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Coordination area includes:
- 1 cell with 4 low-power nodes 

- 3 intra-site cells with 12 low-power nodes

· Benchmark is non-CoMP Rel. 10 with no eICIC with different cell ID
· Equal overhead is assumed for all numbers
· 0 dB Bias with RSRP association

	Bandwidth
	10MHz

	Number of UEs per cell
	30

	CS/CB transmission scheme
	Dynamic adaptation from silencing, SU-MIMO (rank1,rank2), SU-MIMO (rank1,rank2) with null-steering. Size of UE specific cooperating set is 2 or 3 

	TM8 baseline
	SU-MIMO (rank1, rank2) with rank adaptation

	JP transmission scheme
	Dynamic adaptation from single cell SU-MIMO (rank1,rank2), JT-SU-MIMO (rank1, rank2), dynamic point selection. Size of UE specific cooperating set is 2

	Feedback CB/CS
	Transmit diversity CQI (wideband) for serving cell, ideal wideband covariance matrix for serving cell and coordinating cells, long-term relative power of coordinating cells, 5ms feedback delay

	Feedback JP
	WB CQI/PMI/RI for serving cell for all UEs, in addition WB PMI/CQI/RI for cooperating cell and WB PMI/CQI/RI for joint channel of serving and cooperating cell, LTE Rel-8 2Tx and 4Tx codebooks used, feedback delay 5ms (enables DCS and JT)

	TM4 baseline
	SU-MIMO (rank1, rank2) with rank adaptation

	Simulation Case
	3GPP Case 1 Model1 for TR36.814, SCM Urban Macro 15 degrees angle spread for fast fading (both Macro-to-UE and low power node-to-UE)

	Number of low power node per macro-cell
	4

	Tx Power
	46dBm for macro, 30dBm for LPNs

	Impairments modeling
	Time/frequency synchronization – ideal,
0 propagation delay differences depending on UE location, 0 timing error

	Antenna Configuration
	(2, 2) – all cross-polarized 0.5 λ spaced

	Channel estimation 
	Ideal

	Link adaptation
	Non-ideal

	UE Receiver
	MMSE option1 in R1-110586 

	Overhead
	Equal overhead assumed for all cases

	Channel reciprocity, calibration
	Ideal

	Backhaul
	0 delay, infinite capacity

	Traffic 
	FTP model 1 in TR36.819

Poison UE arrival assumed. 0.5Mbytes buffer assumed for each UE
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