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Introduction
In 3GPP RAN #50 meeting, a revised CoMP study item was agreed for Release 11 [1]. Accordingly, in 3GPP RAN1 #63bis, work on the CoMP study item was initiated and the following four CoMP scenarios were agreed [2]:
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high power remote radio heads (RRHs).
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage.
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
In 3GPP RAN1 #64, the evaluation methodology for both DL and UL CoMP was agreed [3-4] upon and details of evaluation parameters for scenario 3 and 4 were agreed in 3GPP RAN1 #65 [5]. The necessary evaluations were divided into two phases with the first phase being dedicated for scenarios 1 and 2 while the second phase is dedicated to scenarios 3 and 4. In this contribution, we provide the evaluation results for CoMP scenarios 3 and 4 under non-full buffer assumption.
Performance Evaluation

Non-full buffer results were obtained for the agreed upon RAN1 simulation methodology including cases for
· Dynamic selection with dynamic macro blanking (DS/DB) in scenario 3 and 4
· Release10 eICIC
· 4 RRH
· Clustered and uniform UE drops
· Low and high resource utilization cases
Operations of DS/DB are described in the companion contribution [6]. For all evalulations, the ratio of normal to MBSFN subframes was assumed to be 4:6 as in Figure 2. For the evaluation of CoMP scenario 3, the timing between the macro cell and the pico cell was assumed to have an offset of 2 subframes to avoid the severe interference from a macro cell to pico cells and ensure reliable reception of MIB/PSS/PSS/SIB-1 as described in [7]. Note that for the evaluation of CoMP scenario 4, such subframe offset does not apply since the high power RRH and the low power RRHs operate as a common cell.
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Figure 1. Subframe configuration.
Case 1: Clustered UE dropping
Table 1 and 2 show the macro cell area average throughput, average UE throughput, and 5% worst user throughput performance for Rel-10 with/without eICIC and DS/DB in clustered UE dropping case where 6 UEs (resp. 12 UEs) for low (resp. high) resource utilization case are dropped per macro cell, among which 1 (resp. 2) UEs are randomly and uniformly dropped within a 40m radius of each RRH. Note that both the macro cell area average throughput and user throughput were obtained over all the UEs served by both the high power RRH and the low power RRH. For Rel-10 with eICIC, 3 almost blank subframes (ABSF) were configured every 10 subframes to result in 30% resource partitioning and association bias values (or cell range expansion values) of 6 dB and 12 dB were used in the evaluation. For Rel-10 without eICIC, ABSF was not configured and cell association bias was set to 0dB. Note that ABSF was applied in a synchronized manner over all high power RRHs effectively creating subframes without any interference from high power RRHs.
The throughput performance of DS/DB for a high resource utilization case is summarized in Table 1. DS/DB provides an improvement of average user throughput over Rel-10 without eICIC by 21.5% and 24.0% for scenarios 3 and 4, respectively. In addition, DS/DB provides an improvement of edge throughput over Rel-10 without eICIC by 20.2% and 28.3% for scenarios 3 and 4, respectively. Compared to Rel-10 with eICIC using 30% resource partitioning (3 ABSF out of 10 subframes) and 6 dB association value, DS/DB has better average UE performance by 12.1% and 14.4% and has better edge performance by 17.2% and 25.1%, in scenarios 3 and 4, respectively. DS/DB also provides better average UE performance by 13.5% and 15.9% and provides better edge performance by 12.8% and 20.4% in scenarios 3 and 4, respectively, than Rel-10 with eICIC using 30% resource partitioning and 12 dB association value. Note that the performance difference between scenarios 3 and 4 is a result of the CRS interference caused by the macro cells when macro resources are not used. In other words, even if macro resources are not used for scenario 3, the interference from the macro cell cannot be entirely removed when the macro cell is transmitting a normal subframe with CRS in the data region. This phenomenon is not present in scenario 4.
In Table 2, the performance of DS/DB is compared to that of Rel-10 with and without eICIC in a low resource utilization case. Performance improvements by DS/DB are observed as 8.0% and 11.6% in UE average throughput and 12.9% and 16.9% in edge throughput for scenarios 3 and 4, respectively when compared with Rel-10 without eICIC. Note that eICIC does not give a much performance gain to Rel-10 in the low resource utilization case.
Table 1. Non-full-buffer performance of CoMP vs. Rel. 10 eICIC (2x2 SU-MIMO, clustered, high RU)
	
	Cell-Avg
	Avg-UE
	5% UE
	RU

	Rel-10 macro/pico

without eICIC
	5.514
	1.714
	0.198
	0.57

	Rel-10 eICIC 

(3 ABSF, 6 dB RE)
	5.804

(Gain = 5.3%)
	1.858

(Gain = 8.4%)
	0.203

(Gain = 2.5%)
	0.58

	Rel-10 eICIC 

(3 ABSF, 12 dB RE)
	5.746

(Gain = 4.2%)
	1.835

(Gain = 7.1%)
	0.211

(Gain = 6.6%)
	0.60

	DS/DB

(Scenario 3)
	6.092

(Gain = 10.5%)
	2.083

(Gain = 21.5%)
	0.238

(Gain = 20.2%)
	0.61

	DS/DB

(Scenario 4)
	6.252

(Gain = 13.4%)
	2.126

(Gain = 24.0%)
	0.254

(Gain = 28.3%)
	0.59


Table 2. Non-full-buffer performance of CoMP vs. Rel. 10 eICIC (2x2 SU-MIMO, clustered, low RU)

	
	Cell-Avg
	Avg-UE
	5% UE
	RU

	Rel-10 macro/pico

without eICIC
	3.341
	2.623
	0.433
	0.30

	Rel-10 eICIC 

(3 ABSF, 6 dB RE)
	3.303

(Gain = -1.1%)
	2.361

(Gain = -10.0%)
	0.403

(Gain = -6.9%)
	0.32

	Rel-10 eICIC 

(3 ABSF, 12 dB RE)
	3.265
(Gain = -2.3%)
	2.310
(Gain = -11.9%)
	0.334
(Gain = -22.9%)
	0.34

	DS/DB

(Scenario 3)
	3.449
(Gain = 3.2%)
	2.832
(Gain = 8.0%)
	0.489
(Gain = 12.9%)
	0.31

	DS/DB

(Scenario 4)
	3.532
(Gain = 5.7%)
	2.928
(Gain = 11.6%)
	0.506
(Gain = 16.9%)
	0.30


Observation:
· DS/DB promises better performance than Rel-10 for both low and high resource utilization cases in clustered dropping. The performance gain is observed to be as much as 24.0% in average performance and 28.3% in edge performance when compared to that of Rel-10 without eICIC. When compared with Rel-10 performance with eICIC (30% resource partitioning) the performance gain is still significant at up to 14.4% in average UE performance and 25.1% in edge performance.
· DS/DB has better performance in scenario 4 than scenario 3 due to the existence of CRS interference when macro resources are not used.
Case 2: Uniform UE dropping
Table 3 and 4 show the macro cell area average throughput, average UE throughput, and 5% worst user throughput performance for Rel-10 with/without eICIC and DS/DB in a uniform dropping case where 6 and 12 UEs for low and high resource utilization cases, respectively, are dropped uniformly across the macro cell. Note that both the macro cell area average throughput and user throughput were obtained over all the UEs served by both the high power RRH and the low power RRH. For Rel-10 with eICIC, 3 almost blank subframes (ABSF) were configured every 10 subframes to result in 30% resource partitioning and association bias values (or cell range expansion values) of 6 dB and 12 dB were used in the evaluation. For Rel-10 without eICIC, ABSF was not configured and cell association bias was set to 0dB. Note that ABSF was applied in a synchronized manner over all high power RRHs effectively creating subframes without any interference from high power RRHs.

The throughput performance of DS/DB for a high resource utilization case is summarized in Table 3. DS/DB provides an improvement of average user throughput over Rel-10 without eICIC by 31.8% and 34.4% for scenarios 3 and 4, respectively. In addition, DS/DB provides an improvement of edge throughput over Rel-10 without eICIC by 57.7% and 67.6% for scenarios 3 and 4, respectively. Compared to Rel-10 with eICIC using 30% resource partitioning (3 ABSF out of 10 subframes) and 6 dB association value, DS/DB has better average UE performance by 15.1% and 17.3% and has better edge performance by 14.4% and 21.6%, in scenarios 3 and 4, respectively. DS/DB also provides better average UE performance by 8.0% and 10.1% and provides better edge performance by 8.7% and 15.5% in scenarios 3 and 4, respectively, than Rel-10 with eICIC using 30% resource partitioning and 12 dB association value.
In Table 4, the performance of DS/DB is compared to that of Rel-10 with and without eICIC in a low resource utilization case. Performance improvements by DS/DB are observed as 13.4% and 18.9% in UE average throughput and 15.2% and 19.0% in edge throughput for scenarios 3 and 4, respectively when compared with Rel-10 without eICIC. Note that eICIC does not give a significant performance gain to Rel-10 in low resource utilization case.
Table 3. Non-full-buffer performance of CoMP vs. Rel. 10 eICIC (2x2 SU-MIMO, uniform, high RU)
	
	Cell-Avg
	Avg-UE
	5% UE
	RU

	Rel-10 macro/pico

without eICIC
	4.165
	1.055
	0.111
	0.51

	Rel-10 eICIC 

(3 ABSF, 6 dB RE)
	4.679

(Gain = 12.3%)
	1.209

(Gain = 14.6%)
	0.153

(Gain = 37.8%)
	0.58

	Rel-10 eICIC 

(3 ABSF, 12 dB RE)
	4.854

(Gain = 16.5%)
	1.288

(Gain = 22.1%)
	0.161

(Gain = 45.0%)
	0.63

	DS/DB

(Scenario 3)
	4.911

(Gain = 17.9%)
	1.391

(Gain = 31.8%)
	0.175

(Gain = 57.7%)
	0.66

	DS/DB

(Scenario 4)
	4.997

(Gain = 20.0%)
	1.418

(Gain = 34.4%)
	0.186

(Gain = 67.6%)
	0.65


Table 4. Non-full-buffer performance of CoMP vs. Rel. 10 eICIC (2x2 SU-MIMO, uniform, low RU)
	
	Cell-Avg
	Avg-UE
	5% UE
	RU

	Rel-10 macro/pico

without eICIC
	2.806
	1.641
	0.237
	0.33

	Rel-10 eICIC 

(3 ABSF, 6 dB RE)
	2.808

(Gain = 0.1%)
	1.665

(Gain = 1.5%)
	0.249

(Gain = 5.1%)
	0.34

	Rel-10 eICIC 

(3 ABSF, 12 dB RE)
	2.892

(Gain = 3.1%)
	1.689

(Gain = 2.9%)
	0.226

(Gain = -4.6%)
	0.39

	DS/DB

(Scenario 3)
	2.896

(Gain = 3.2%)
	1.861

(Gain = 13.4%)
	0.273

(Gain = 15.2%)
	0.33

	DS/DB

(Scenario 4)
	2.912

(Gain = 3.8%)
	1.951

(Gain = 18.9%)
	0.282

(Gain = 19.0%)
	0.31


Observation:
· DS/DB promises better performance than Rel-10 for both low and high resource utilization in uniform dropping. The performance gain is observed to be as much as 34.4% in average performance and 67.6% in edge performance when compared to that of Rel-10 without eICIC. When compared with Rel-10 performance with eICIC (30% resource partitioning) the performance gain was still significant at up to 17.3% in average UE performance and 21.6% in edge performance.
· DS/DB has better performance in scenario 4 than scenario 3 due to the existence of CRS interference when macro resources are not used.
Conclusions

In this contribution, we provided the evaluation results for CoMP scenarios 3 and 4 under the non-full buffer assumption. From the results, it is observed that
· DS/DB promises better performance than Rel-10 eICIC for both clustered and uniform UE dropping in non-full buffer traffic case.
· DS/DB has better performance in scenario 4 than scenario 3 because of CRS interference
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1 Appendix

	Parameter
	Values used for evaluation (Scenario 4)

	Performance metrics
	1.  Cell throughput
2.  Mean 5% user throughput
3.  Average user throughput
· Served cell throughput = total amount of data for all users / total amount of observation time / number of cells
· User throughput = amount of data (file size) / time needed to download data

	Deployment scenarios
	1. Heterogeneous network with low power RRHs within the macrocell coverage (Scenario 3) 
· transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Coordination area includes:
- 1 cell with N low-power nodes
· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID
2. Network with low power RRHs within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (Scenario 4)
· Coordination area includes:
- 1 cell with N low-power nodes
· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID

	Simulation case
	Deployment scenarios 3, 4: ITU UMa for Macro, UMi for low power node
· UMa
-  UE speed : 3km/hr

-  No outdoor in-car penetration loss
· UMi
-  Carrier Frequency : 2GHz

-  100% UE dropped outdoors
- No outdoor to indoor penetration loss

	Number of low power node per macro-cell
	From TR36.814: N = 4 (baseline)
· Configuration #4b with N low power nodes per macro cell

	High power RRH Tx power (Ptotal)
	46 dBm in 10MHz carrier

	Low power node TX power (Ptotal)
	30 dBm in 10MHz carrier

	Number of UEs per macro-cell
	Dependent on the targeted resource utilization for non-full buffer traffic

	System bandwidth
	10 MHz

	Transmission schemes in DL
	SU-MIMO (DS, DS/DB, and Rel-10 macro/pico)

	Impairments modelling
	Baseline timing error is 0us

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	Macro: 2
Low power RRH: 2

	Number of antennas at UE
	2

	Antenna configuration
	For macro and low power RRH

· 2 antennas: 1 column, cross-polarized: X

Cross-polarized antenna configuration is also applied to the receiver. 

	Antenna pattern
	For macro eNB and high-power RRH: 3D as baseline
For low-power RRH: 2D as baseline

	eNB Antenna tilt
	For macro eNB and high-power RRH: 12 degrees downtilt.
For low power node: 0 degree

	Antenna gain + connector loss
	For macro eNB and high-power RRH: 17 dBi in ITU
For low power node: 5 dBi

	Feedback scheme (CQI/PMI/RI)
	Implicit feedback
PUSCH 3-2 like feedback (subband PMI/CQI report,5RB subband size) for both Rel-10 and CoMP

Feedback overhead for CoMP UEs is doubled compared to Rel-10 UEs

Feedback periodicity is 5 ms with 6 ms delay

	Channel estimation
	Non-ideal channel estimation on CSI-RS and DM-RS

Feedback scheme based on Rel. 10 RI/PMI CQI design

	UE receiver
	Mandatory: MMSE receiver model option1 in R1-11058

	DL overhead assumption
	2 or 3 OFDM symbol for PDCCH & CRS overhead & DMRS DL overhead 

	Placing of UEs
	For heterogeneous networks, placement according to the configuration

	Traffic model
	Non-full-buffer according to Section A.2.1.3.1 in TR36.814, with the following modifications:

· Model 2 with file size of 0.5 Mbytes
· Simulations are run for various K (for model 2) that lead to covering at least the range [10 - 70]% of RU (See A.2.1.3.2) in non-CoMP SU-MIMO, and the metrics described in A.2.1.3.2 are computed for each K (for model 2) value
· The RU is computed over the entire network, i.e. the RU is the average of the RUs per transmission point

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

Optical fiber required to perform dynamic selection

	Link adaptation
	Non-ideal (CQI adjusted based on outer-loop control relying on ACK/NACK feedback. MCS allocated based on CQI)
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