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1. Introduction

In RAN1 #74 meeting, there were several discussions about scenarios and evaluation assumptions for CoMP with non-ideal backhaul (NIB). It was agreed to consider three scenarios such as CoMP scenario 2, SCE scenario 1, and SCE scenario 2a with some modifications and to apply the following assumptions for evaluation of CoMP with NIB for all scenarios [1, 2].
Agreements:
Evaluation Assumptions for all scenarios:
· Traffic model: 
· FTP model 1

· Evaluate low, medium, and high load levels (e.g. RU 20%, 40%, 60% across all cells in the most loaded “layer” (i.e. macro and small cells) for the reference scheme)

· Coordination scheme:

· Coordinated scheduling and/or coordinated beamforming

· including semi-static point selection/muting

· Note: Companies are to provide details of their coordination schemes 

· CRS interference is modelled

· How the CRS interference is modelled should be provided by each company

· Transmission scheme for a single point:

· DL: TM10 SU/MU-MIMO

· UL: TM1 MU-MIMO

· Antenna configuration:

· For FDD,

· 4Tx, 2Rx in DL, cross-polarized

· 2Tx, 2Rx in DL, cross-polarized

· 1Tx, 2Rx in UL, cross-polarized

· For TDD,

· Macro eNB

· 8Tx, 2Rx in DL cross-polarized

· 1Tx, 8Rx in UL, cross-polarized

· Small cell eNB

· 2Tx, 2Rx in DL, cross-polarized

· 1Tx, 2Rx in UL, cross-polarized

· Handover margin: 1 dB

· Feedback assumption for both reference scheme and CoMP schemes being evaluated:

· Non-ideal channel/interference estimation based on TM10

· CSI reporting: Rel-11 feedback and Rel-12 enhanced feedback

· The assumed feedback should be described by companies in detail (e.g. PUSCH mode 3-2)

· CSI feedback delay from measurement time to arrival at serving eNB: 5ms

· Companies to give details of UL feedback rate/overhead

· Network synchronisation: 

· 0us for co-sited cells

· 3us for non-co-sited cells

· Backhaul capacity limitations:

· As per TR36.932. Further details can be provided by each company.
In this contribution, we provide evaluation results for CoMP based on the above agreed assumptions. As one of candidates for CoMP with NIB, we evaluate the performance of semi-static point muting (SSPM) in homogeneous network (i.e., CoMP scenario 2) and heterogeneous network (i.e., small cell scenario 1).
2. Discussion
2.1. Backhaul topology
Since the delay due to non-ideal backhaul could depend on the backhaul topology between eNBs, it needs to be clear how to reflect the backhaul delay in evaluation. In our evaluation, we assume that the exchange of information between eNBs is done via 2-way backhaul signaling. This can be interpreted as there is a special eNB (e.g., center eNB) which is responsible to receive information for coordination from eNBs and send the decided scheduling results to eNBs. Thus, each eNB receives the scheduling results taking twice as much backhaul delay as depicted in Fig 1. In addition, we assume that backhaul capacity is ideal.
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Fig1. Backhaul topology
2.2. Coordination scheme
In this section, we describe SSPM which is evaluated as a candidate scheme of CoMP with NIB in this contribution. Assuming the backhaul topology, there is a center eNB and other eNBs send information to the center eNB via backhaul. In the evaluation, we assume that each UE have multiple PF metric values corresponding to multiple CSI processes and each eNB send all of PF metric values to the center eNB via backhaul. After receiving such information, the center eNB decides particular eNB(s) to be muted per RB in order to maximize the total PF metric and sends back the scheduling results to other eNBs via backhaul. As described in our companion contribution [3], only the information on muted RBs is considered as Group 1 information. This means that each eNB independently decides how to schedule the other Group 2 components including UE selection, precoding selection, MCS selection, and HARQ process number (based on the latest CSI feedback from UEs) assuming the muted RB information provided from the center eNB (based on an outdated CSI feedback due to the backhaul delay).
Group 1 information: muted RB information
Group 2 information: UE selection, precoding selection, MCS selection, HARQ process number
2.3. Evaluation assumptions
In this section, we describe some of evaluation assumptions which should be clarified. Since CRS interference could be too dominant in non-full buffer traffic model when resource utilization (RU) is modest, we assumes each UE is able to cancel two strongest CRSs to investigate potential performance gain of CoMP with NIB. According to TM 10, interference estimation is modeled considering CSI-IM based estimation. It is assumed that each UE periodically measures interference according to configured CSI-IM period and interference is dynamically on/off corresponding to the traffic load of neighboring eNBs. In the evaluation of SSPM, maximum 4 CSI-IM configurations are considered per CoMP UE as depicted in Fig 2. The other evaluation assumptions are shown in Appendix A.
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Fig2. CSI-IM configurations for SSPM
3. Evaluation results
3.1. Homogeneous network (i.e., CoMP scenario 2)
In Table 1, evaluation results of SSPM in homogeneous network are presented when backhaul delay is 0ms, 5ms, 50ms and RU is about 20%, 40%, 60%. As a reference scheme, intra-CoMP scheme using SSPM is evaluated. In Table 1-(a), it is shown that SSPM with NIB has no performance gain over both of intra-CoMP and non-CoMP scheme. This is mainly because interference is low enough with 20% RU and additional interference coordination such as muting of eNBs would not be effective. Moreover, backhaul delay could make unnecessary muting operations which degrade the performance. In the cases of 40%, 60% RU, SSPM with NIB still has no meaningful performance gain over intra-CoMP scheme as shown in Table 1-(b) and 1-(c). It means that intra-CoMP already has enough number of cooperating eNBs which is beneficial for performance.
Table 1. Evaluation results of SSPM in homogeneous network
(a) RU 20%
	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Intra-CoMP; SSPM
	0.23
	2.4456
	0.00 %
	0.4843
	0.00 %

	Non-CoMP
	0.25
	2.3418
	-4.24 %
	0.4920
	1.59 %

	SSPM with IB
(backhaul delay = 0ms)
	0.23
	2.4675
	0.90 %
	0.4890
	0.97 %

	SSPM with NIB
(backhaul delay = 5ms)
	0.22
	2.3438
	-4.16 %
	0.4825
	-0.37 %

	SSPM with NIB
(backhaul delay = 50ms)
	0.22
	1.6310
	-33.31 %
	0.4049
	-16.39 %


(b) RU 40%
	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Intra-CoMP; SSPM
	0.43
	1.8721
	0.00 %
	0.2259
	0.00 %

	Non-CoMP
	0.48
	1.6988
	-9.26 %
	0.2168
	-4.03 %

	SSPM with IB

(backhaul delay = 0ms)
	0.42
	1.8765
	0.24 %
	0.2274
	0.66 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.42
	1.7788
	-4.98 %
	0.2217
	-1.86 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.41
	1.3171
	-29.65 %
	0.1917
	-15.14 %


(c) RU 60%

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Intra-CoMP; SSPM
	0.62
	1.4123
	0.00 %
	0.1070
	0.00 %

	Non-CoMP
	0.71
	1.1758
	-16.75 %
	0.0926
	-13.46 %

	SSPM with IB

(backhaul delay = 0ms)
	0.61
	1.4190
	0.47 %
	0.1136
	6.17 %

	SSPM with NIB
(backhaul delay = 5ms)
	0.61
	1.3458
	-4.71 %
	0.1084
	1.31 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.59
	1.0669
	-24.46 %
	0.0923
	-13.74 %


Observation #1:
- In homogeneous network (e.g., CoMP scenario 2), SSPM does not provide performance gain over intra-CoMP scheme.
3.2. Heterogeneous network (i.e., SCE scenario 1)
In Table 2, evaluation results of SSPM in heterogeneous network are presented when backhaul delay is 0ms, 5ms, 50ms and RU is about 20%, 40%, 60%. Since we could not find optimal ZP-ABS pattern for the RU of 20%, 40%, 60%, SU-MIMO without ZP-ABS is evaluated as a reference.
Table 2. Evaluation results of SSPM in heterogeneous network

(a) RU 20%

	
	RU (macro)
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	ZP-ABS = 0%
	0.19
	2.6764
	0.00 %
	0.4866
	0.00 %

	ZP-ABS = 20%
	0.2
	2.4196
	-9.59 %
	0.4435
	-8.86 %

	SSPM with IB

(backhaul delay = 0ms)
	0.17
	2.7274
	1.91 %
	0.4674
	-3.95 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.17
	2.5874
	-3.33 %
	0.4640
	-4.64 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.17
	1.6925
	-36.76 %
	0.3683
	-24.31 %


(b) RU 40%

	
	RU (macro)
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	ZP-ABS = 0%
	0.37
	2.1193
	0.00 %
	0.2626
	0.00 %

	ZP-ABS = 20%
	0.4
	1.8722
	-11.66 %
	0.2170
	-17.36 %

	SSPM with IB

(backhaul delay = 0ms)
	0.32
	2.2117
	4.36 %
	0.2688
	2.36 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.32
	2.0834
	-1.69 %
	0.2628
	0.08 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.31
	1.4638
	-30.93 %
	0.2068
	-21.25 %


(c) RU 60%

	
	RU (macro)
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	ZP-ABS = 0%
	0.63
	1.5275
	0.00 %
	0.1028
	0.00 %

	ZP-ABS = 20%
	0.61
	1.3965
	-8.58 %
	0.0847
	-17.61 %

	SSPM with IB

(backhaul delay = 0ms)
	0.5
	1.6918
	10.76 %
	0.1202
	16.93 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.49
	1.5872
	3.91 %
	0.1167
	13.52 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.46
	1.2142
	-20.51 %
	0.1002
	-2.53 %


In Table 2-(a) and 2-(b), it can be seen that SSPM with NIB has no performance gain over both of intra-CoMP and non-CoMP scheme. Similar to the results in homogeneous network, this is due to the low interference level and coordination based on delayed information. In the case of 60% RU, SSPM with NIB has meaningful performance gain especially for 5%-tile UE with backhaul delay of 5ms (e.g., overall 10ms delay). Hence, SSPM with NIB shows the visible performance gain as RU increases. Based on our evaluations, we find the following observation.
Observation #2:
- In heterogeneous network (e.g., SCE scenario 1), SSPM provides meaningful performance gain for 5%-tile UE with backhaul delay of 5ms and RU of 60%.
4. Conclusion
In this contribution, we presented preliminary evaluation results for SSPM as a candidate technique for CoMP with non-ideal backhaul and found that CoMP with NIB could provide performance gain. Thus, we conclude that it is worthwhile to study more optimized coordination scheme for CoMP with NIB.
Observation #1:
- In homogeneous network (e.g., CoMP scenario 2), SSPM does not provide performance gain over intra-CoMP scheme.
Observation #2:
- In heterogeneous network (e.g., SCE scenario 1), SSPM provides meaningful performance gain for 5%-tile UE with backhaul delay of 5ms and RU of 60%.
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE, 20% outdoor UE

	Number of small per sector
	4

	Traffic model
	FTP model 1, 0.5 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU -MIMO

	Channel quality report
	Mode 1-1: Wideband PMI per 50 RBs, Wideband CQI per 50 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 2-tx codebook

	Antenna configuration
	2x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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