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1. Introduction

During RAN1 #74-#75, there have been many discussions and evaluation results on CoMP with non-ideal backhaul (NIB). The remaining issue of CoMP with NIB is backhaul signaling design following the objectives which were approved for WI of inter-eNB CoMP for LTE in RAN #62 meeting [1]
· RAN3 to specify signalling of information to be identified by RAN1, for example:

· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· One or more measurement reports (RSRP) of individual UEs 

· SRS received power of individual UEs

· User perceived throughput of individual UEs (see TR 36.814 as a reference)

· Resource utilization per cell 

· PF metric of individual UEs

· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

· QCI
· Indication of resource coordination result or resource coordination request
· Resource allocation in frequency/time/power/spatial domain

· Used configurations of reference signals, CSI processes and CSI-IM configurations
· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations
· Specify necessary procedures related to the above.
In this contribution, we provide evaluation results of DL CoMP with non-ideal backhaul (NIB) regarding backhaul signaling design which includes the information on CoMP hypothesis with its preference rating and has a periodicity for transmitting such backhaul signal. The evaluated CoMP scheme is semi-static point muting (SSPM) and other evaluation assumptions were described in [2].
2. Discussion
2.1. Backhaul signaling design
At the SI phase of CoMP with NIB, many companies made efforts to evaluate a variety of CoMP schemes and to find out the potential CoMP scheme with NIB based on the evaluation results. As a result, SSPM was mostly evaluated and had attention from many companies as a potential CoMP scheme with NIB. In this respect, it is natural to consider the design of backhaul signaling which supports at least the SSPM. However, it should be noted that most of the results for SSPM were evaluated assuming that the network has a centralized architecture. As shown in the above WI objectives, some companies suggested sending a variety of information such as CSI, RSRP, etc., over the backhaul, which might be needed only for the centralized architecture. In our view, however, it is more desirable to design a unified backhaul signaling format which can be used for both of centralized and distributed architectures, also considering that there could be other potential CoMP schemes with NIB which can give performance gains with the existing distributed architecture. For example, the unified signaling format may include the information on the preferred CoMP hypothesis and its preference rating. Thus, each eNB can provide its preference on a specific CoMP hypothesis to the central processor in the centralized architecture, while it can provide the preference to other eNBs in the distributed architecture. More details on the signaling design are described and discussed in our companion contribution [3].
2.2. Simulation assumptions with backhaul signaling design
Reminding the WI objectives on CoMP with NIB, it is needed to consider the impact of backhaul signaling on the performance of CoMP with NIB. In this regard, we further evaluate the performance of SSPM with a centralized architecture assuming that the unified signaling format is periodically transmitted from each eNB to the central processor. For the unified signaling format, we consider 7 CoMP hypotheses as shown in Fig 1 and the PF metric corresponding to each CoMP hypothesis is used for preference rating.
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Fig 1. CoMP hypotheses for SSPM

For the periodic transmissions of backhaul signaling, we assume that each eNB transmits its preference to the central processor with a certain period. After 2-way backhaul delay from the preference signaling, eNBs can receive corresponding coordination results. Thus, the coordination results can be more delayed by up to the signaling period in addition to the 2-way backhaul delay. It should be noted that the coordination results hold during the signaling period.
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Fig 2. Periodic backhaul signaling

3. Evaluation results
In Table 1, evaluation results of SSPM in SCE scenario 1 are presented for the cases where overall delay (e.g., 2-way backhaul delay) is set to {0ms, 10ms, 20ms, and 30ms}, signaling period is set to {1ms, 5ms, and 10ms} and RU is set to {20%, 40%, and 60%}.
Table 1. Evaluation results SSPM in heterogeneous network

(a) RU 20%
	Evaluated scheme

(backhaul delay, period)
	RU (macro)
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)
	50%-tile UPT (bps/Hz)
	95%-tile UPT (bps/Hz)

	
	
	
	
	
	

	ZP-ABS = 0%
	0.19
	2.6957
	0.4902
	2.4390
	5.8824

	
	
	0.0 %
	0.0 %
	0.0 %
	0.0 %

	ZP-ABS = 10%
	0.19
	2.5457
	0.4695
	2.2727
	5.4795

	
	
	-5.6 % 
	-4.2 % 
	-6.8 % 
	-6.8 % 

	SSPM with IB

(0ms, 1ms)
	0.17
	2.7672
	0.4745
	2.5641
	5.8824

	
	
	2.7 %
	-3.2 %
	5.1 %
	0.0 %

	SSPM with NIB

(5ms, 1ms)
	0.17
	2.6970
	0.4711
	2.5157
	5.5556

	
	
	0.0 %
	-3.9 %
	3.1 %
	-5.6 %

	SSPM with NIB

(5ms, 5ms)
	0.17
	2.6750 
	0.4706 
	2.4845 
	5.4795 

	
	
	-0.8 %
	-4.0 %
	1.9 %
	-6.8 %

	SSPM with NIB

(5ms, 10ms)
	0.17
	2.6537 
	0.4689 
	2.4691 
	5.4054 

	
	
	-1.6 %
	-4.3 %
	1.2 %
	-8.1 %

	SSPM with NIB

(10ms, 1ms)
	0.17
	2.6062
	0.4614
	2.4242
	5.1948

	
	
	-3.3 %
	-5.9 %
	-0.6 %
	-11.7 %

	SSPM with IB

(10ms, 5ms)
	0.18
	2.5902 
	0.4577 
	2.4242 
	5.1948 

	
	
	-3.9 %
	-6.6 %
	-0.6 %
	-11.7 %

	SSPM with NIB

(10ms, 10ms)
	0.18
	2.5699 
	0.4598 
	2.3952 
	5.1948 

	
	
	-4.7 %
	-6.2 %
	-1.8 %
	-11.7 %

	SSPM with NIB

(15ms, 1ms)
	0.18
	2.5221
	0.4524
	2.3669
	5.1282

	
	
	-6.4 %
	-7.7 %
	-3.0 %
	-12.8 %

	SSPM with NIB

(15ms, 5ms)
	0.18
	2.5074 
	0.4505 
	2.3529 
	5.0633 

	
	
	-7.0 %
	-8.1 %
	-3.5 %
	-13.9 %

	SSPM with IB

(15ms, 10ms)
	0.18
	2.4839 
	0.4454 
	2.3256 
	5.0633 

	
	
	-7.9 %
	-9.1 %
	-4.6 %
	-13.9 %


(b) RU 40%
	Evaluated scheme

(backhaul delay, period)
	RU (macro)
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)
	50%-tile UPT (bps/Hz)
	95%-tile UPT (bps/Hz)

	
	
	
	
	
	

	ZP-ABS = 0%
	0.37
	2.1576
	0.2686
	1.7621
	5.4054

	
	
	0.0 %
	0.0 %
	0.0 %
	0.0 %

	ZP-ABS = 10%
	0.39
	2.0139
	0.2502
	1.6194
	5.1948

	
	
	-6.7 %
	-6.9 %
	-8.1 %
	-3.9 %

	SSPM with IB

(0ms, 1ms)
	0.32
	2.2819
	0.2730
	1.9608
	5.4795

	
	
	5.8 %
	1.6 %
	11.3 %
	1.4 %

	SSPM with NIB

(5ms, 1ms)
	0.32
	2.2033
	0.2672
	1.8779
	5.1948

	
	
	2.1 %
	-0.5 %
	6.6 %
	-3.9 %

	SSPM with NIB

(5ms, 5ms)
	0.32
	2.1921 
	0.2670 
	1.8692 
	5.0633 

	
	
	1.6 %
	-0.6 %
	6.1 %
	-6.3 %

	SSPM with NIB

(5ms, 10ms)
	0.32
	2.1763 
	0.2667 
	1.8519 
	5.0000 

	
	
	0.9 %
	-0.7 %
	5.1 %
	-7.5 %

	SSPM with NIB

(10ms, 1ms)
	0.32
	2.1379
	0.2639
	1.8433
	4.9383

	
	
	-0.9 %
	-1.7 %
	4.6 %
	-8.6 %

	SSPM with IB

(10ms, 5ms)
	0.32
	2.1245 
	0.2640 
	1.8433 
	4.8780 

	
	
	-1.5 %
	-1.7 %
	4.6 %
	-9.8 %

	SSPM with NIB

(10ms, 10ms)
	0.32
	2.1094 
	0.2614 
	1.8265 
	2.1094 

	
	
	-2.2 %
	-2.7 %
	3.7 %
	-10.8 %

	SSPM with NIB

(15ms, 1ms)
	0.32
	2.0761
	0.2566
	1.8100
	4.7059

	
	
	-3.8 %
	-4.5 %
	2.7 %
	-12.9 %

	SSPM with NIB

(15ms, 5ms)
	0.32
	2.0583 
	0.2553 
	1.7857 
	4.7059 

	
	
	-4.6 %
	-5.0 %
	1.3 %
	-12.9 %

	SSPM with IB

(15ms, 10ms)
	0.32
	2.0427 
	0.2546 
	1.7778 
	4.7059 

	
	
	-5.3 %
	-5.2 %
	0.9 %
	-12.9 %


(c) RU 60%
	Evaluated scheme

(backhaul delay, period)
	RU (macro)
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)
	50%-tile UPT (bps/Hz)
	95%-tile UPT (bps/Hz)

	
	
	
	
	
	

	ZP-ABS = 0%
	0.63
	1.5847
	0.1032
	1.0929
	4.7059

	
	
	0.0 %
	0.0 %
	0.0 %
	0.0 %

	ZP-ABS = 10%
	0.63
	1.5031
	0.0945
	1.0178
	4.5455

	
	
	-5.1 %
	-8.4 %
	-6.9 %
	-3.4 %

	SSPM with IB

(0ms, 1ms)
	0.49
	1.7910
	0.1233
	1.3158
	4.9383

	
	
	13.0 %
	19.5 %
	20.4 %
	4.9 %

	SSPM with NIB

(5ms, 1ms)
	0.49
	1.7152
	0.1199
	1.2658
	4.7059

	
	
	8.2 %
	16.2 %
	15.8 %
	0.0 %

	SSPM with NIB

(5ms, 5ms)
	0.49
	1.7079 
	0.1180 
	1.2618 
	4.7059 

	
	
	7.8 %
	14.3 %
	15.5 %
	0.0 %

	SSPM with NIB

(5ms, 10ms)
	0.49
	1.6973 
	0.1169 
	1.2461 
	4.6512 

	
	
	7.1 %
	13.3 %
	14.0 %
	-1.2 %

	SSPM with NIB

(10ms, 1ms)
	0.49
	1.6692
	0.1169
	1.2384
	4.5455

	
	
	5.3 %
	13.3 %
	13.3 %
	-3.4 %

	SSPM with IB

(10ms, 5ms)
	0.49
	1.6593 
	0.1156 
	1.2308 
	4.4944 

	
	
	4.7 %
	12.0 %
	12.6 %
	-4.5 %

	SSPM with NIB

(10ms, 10ms)
	0.49
	1.6498 
	0.1154 
	1.2232 
	1.6498 

	
	
	4.1 %
	11.8 %
	11.9 %
	-5.6 %

	SSPM with NIB

(15ms, 1ms)
	0.49
	1.6241
	0.1149
	1.2158
	4.3011

	
	
	2.5 %
	11.3 %
	11.2 %
	-8.6 %

	SSPM with NIB

(15ms, 5ms)
	0.49
	1.6141 
	0.1146 
	1.2048 
	4.3011 

	
	
	1.9 %
	11.0 %
	10.2 %
	-8.6 %

	SSPM with IB

(15ms, 10ms)
	0.49
	1.6055 
	0.1103 
	1.1940 
	4.3011 

	
	
	1.3 %
	6.9 %
	9.3 %
	-8.6 %


Since the unified signaling format is designed to support SSPM, it can be shown from Table 1 that the SSPM still provides meaningful performance gain over the reference scheme especially for 5%-tile and 50%-tile UE when RU is 60%. In addition, it can also be shown that such periodic transmission of the unified signaling format has relatively negligible performance degradation when the period is set to 5ms. This is because each eNB receives CSI reports from UEs and the scheduling metric is updated in every CSI reporting period which is set to 5ms in our evaluation.
Observation #1:
- In heterogeneous network (e.g., SCE scenario 1), SSPM provides meaningful performance gain for 5%-tile and 50%-tile UE with backhaul delay of {5ms, 10ms, 15ms}, signalling period of {1ms, 5ms}, and RU of 60%.

Observation #2:
- Using unified backhaul signalling format, the performance of SSPM can be achieved without additional explicit signalling such as CSI, RSRP, etc.
4. Conclusion
In this contribution, we presented further evaluation results of SSPM considering a unified signaling format and periodicity as a backhaul signaling design for CoMP with NIB.
______________________________________________________________________
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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

	Small cells 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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