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1 Introduction
In the RAN1 #67 meeting, the following agreement has been achieved on CSI feedback to support downlink CoMP ‎[1]: 
· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. 
Besides the per-CSI-RS-resource CSI feedback, supporting of inter-CSI-RS-resource CSI feedback in LTE Rel-11 was discussed in the RAN1#68 meeting, however, RAN1 cannot achieve an agreement due to some concerns on frequency and time domain synchronization, feedback overhead, and performance gains. 
Since the standardization of LTE Rel-11 is scheduled to be frozen at the RAN1 #70 meeting in August 2012, the remaining time is short. For the sake of facilitation of the CoMP standardization, this contribution analyzes a real CoMP network deployment and abstracts essential CoMP transmission schemes. 

2 Considerations on CoMP network deployment
Fig. 1 summarizes an example of CoMP network deployment based on LTE Rel-11candidates of Rel-11 network deployment including CoMP transmission in this contribution. 
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Fig. 1:  One of the real candidates of Rel-11 network deployment including CoMP transmission
The following network elements are assumed to be included in Fig. 1. 
· RRH (remote radio head):  

· This contribution assumes that RRH is composed of all analog units equipped in eNB. Unlike eNB, the RRH does not have any digital signal processing units. 
· Baseband pool: 

· The baseband pool means equipment and/or location where the digital signal processing units traditionally performed locally at eNB sites are centralized. The centralized baseband units are shared among several RRHs. This allows the total capacity of the centralized baseband units to be flexibly used where it is needed, as not all RRHs are loaded at all times. The load of each RRH depends on user movement and is imbalanced among all RRHs at same time. This network deployment is referred to as “centralized RAN (C-RAN) ‎[2]” or “liquid radio ‎[3]”. 
· Fronthaul interface based on CPRI ‎[4]: 

· CPRI (common public radio interface) defines the publicly available specification for the key internal interface of radio base stations between the radio equipment control and the radio equipment. CPRI is also useful for the interface definitions between the baseband pool and RRH. 

Fig. 1 also shows four ICIC scenarios indicated by the dotted-lined circles, whose details are discussed in the following. The following assumes co-channel/carrier deployment. 
· ICIC scenario #1 ([image: image2.emf] region in Fig. 1):  dynamic ICIC between macro and pico RRHs
· The appendix in this contribution shows statistical analysis of CoMP simulation results in TR 36.819 ‎[5]. As shown in the appendix, in the macro-pico CoMP, the DPS is the best transmission method among the three CoMP transmission methods (CS/CB, JT, and DPS). Therefore, the DPS should be standardized in Rel-11. 
· The appendix also shows that the combination of CoMP and eICIC (i.e., non-CA-based ICIC) benefits user throughput performance. 
· The pico-pico CoMP is not important compared to the macro-pico CoMP because the deployment of the macro RRH is natural for the loaded hotspot to require multiple pico RRHs. 

· ICIC scenario #2 ([image: image3.emf] region in Fig. 1):  dynamic ICIC among macro RRHs
· As shown in the appendix, in the macro-macro CoMP, the JT is always superior to the CS/CB. Therefore, the JT should be standardized in Rel-11. 
· The JT has issues of frequency offset and time synchronization among multiple transmission points. However, as pointed out in ‎[6], RAN1 should standardize JT assuming a well-aligned network because the accuracy of the frequency offset and time synchronization are also depend on network deployment not only in the hardware aspect. 
· The benefit due to the JT in the macro-macro CoMP is larger than that of the DPS in the macro-pico CoMP. Therefore, the standardization of JT is more important than that of the DPS. In order to maximize the benefits due to the JT, inter-CSI-RS feedback is also required in Rel-11 standardization. Since the number of CoMP UEs seems less than half of all the UEs, additional feedback does not have a large impact in terms of the amount of feedback. 
· ICIC scenario #3 ([image: image4.emf] region in Fig. 1):  semi-static ICIC among macro eNBs
· There is no prominent ICIC schem in co-channe/carrier deployment. The optimizations of antenna pattern and transmission power seem useful and feasible for the real operation. CA-based ICIC might be useful for the semi-static ICIC among macro eNBs. 
· ICIC scenario #4 ([image: image5.emf] region in Fig. 1):  semi-static ICIC between macro and pico eNBs
· The eICIC is useful for the semi-static ICIC between macro and pico eNBs. 
· Mixture of ICIC scenario #1 to 4: 
· The fronthaul network between the baseband pool and RRH requires broadband and high speed connection composed of optical fibers. Considering the cost, boundless distribution of the CoMP transmission seems unrealistic for almost all the network operators. This means that some of local Rel-11 networks are also based on semi-static ICIC, and CoMP is additionally applied in the limited area. Therefore, in the LTE Rel-11 CoMP standardization, coordination between CoMP and semi-static ICIC including eICIC/FeICIC and CA-based ICIC is desirable to be focused on. 
3 Conclusions

This contribution analyzes the real CoMP network deployment and abstracts essential CoMP transmission schemes. The conclusions are as follows: 
· Joint transmission with inter-CSI-RS feedback is an essential CoMP transmission scheme in Rel-11. 
· RAN1 should standardize JT assuming a well-aligned network in terms of frequency offset and time synchronization. 
· Dynamic point selection is also essential. However, the joint transmission is more important than the dynamic point selection. 
· Interworking between CoMP and eICIC/FeICIC is desirable to be focused on in LTE Rel-11 CoMP standardization assuming co-channel/carrier deployment. 
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Appendix:  Statistical analysis of CoMP simulation results in TR 36.819
This appendix shows the statistical analysis results of the numerous simulation results in TR 36.819. Table 1 and Table 2 show the statistical analysis results in Scenario 1. Table 3 and Table 4 also show the statistical analysis results in Scenario 2. The median, maximum, and minimum values in terms of the average and edge user spectrum efficiencies are calculated among the multiple simulation results provided by multiple companies. This contribution regards the median value as important. Table 5 shows the statistical analysis results in Scenario 3 and 4. Table 5 refers to the excel spread sheets in R1-112811 ‎[7]. From Table 1 to Table 5, the following observations are obtained: 

· In the homogeneous network scenario, i.e., macro-macro CoMP, JT is always superior to CS/CB. 
· The gain in the average spectrum efficiency due to the CS/CB compared to the case without CoMP is from -6.5 to 0.5%. In contrast, the gain due to the JT is from 8.4 to 32.1%. 
· The gain in the edge spectrum efficiency due to the CS/CB is from 9.7 to 27.3%. In contrast, the gain due to the JT is from 38.3 to 51.7%. 
· In the HetNet scenario, i.e., macro-LPN CoMP, DPS is the best transmission method among the three CoMP transmission methods (CS/CB, JT, and DPS). 
· eICIC is superior to not only the CS/CB but also JT. In contrast, the DPS is superior to the eICIC. 
· The combination of the CoMP and eICIC benefits the edge user spectrum efficiency. 
· Although the combination of the CS/CB and eICIC is evaluated, the gain of 8.8% is obtained in the edge user spectrum efficiency. 
· Although the combination of the CS/CB and eICIC deteriorates the average user spectrum efficiency by 3.0%, adjustment of scheduler parameters makes this deterioration negligible, especially for the JT and DPS. 
Table 1:   CoMP spectrum efficiency in Scenario 1 with 3GPP case 1 channel model (FDD, 2x2, and full buffer)

	MIMO
	CoMP
	# of samples (companies)
	Spectrum efficiency
	Median value [bps/Hz]
	Max. value [bps/Hz]
	Min. value [bps/Hz]
	Gain in median value [%]

	SU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	4
	Cell avg.
	1.89 
	2.05 
	1.64 
	N/A

	
	
	
	Cell edge
	0.0530 
	0.0575 
	0.0488 
	

	
	CS/CB
	2
	Cell avg.
	1.79 
	1.88 
	1.70 
	-5.326 

	
	
	
	Cell edge
	0.0575 
	0.0614 
	0.0535 
	8.499 

	
	JT
	0
	Cell avg.
	-
	-
	-
	-

	
	
	
	Cell edge
	-
	-
	-
	-

	MU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	9
	Cell avg.
	2.07 
	2.47 
	1.58 
	N/A

	
	
	
	Cell edge
	0.0536 
	0.0700 
	0.0420 
	

	
	CS/CB
	3
	Cell avg.
	1.86 
	1.98 
	1.60 
	-10.063 

	
	
	
	Cell edge
	0.0588 
	0.0714 
	0.0450 
	9.701 

	
	JT
	10
	Cell avg.
	2.23 
	2.58 
	1.57 
	7.886 

	
	
	
	Cell edge
	0.0745 
	0.0950 
	0.0420 
	38.993 

	Mixture of SU- and MU-MIMO
	w/o CoMP
	13
	Cell avg.
	1.99 
	2.47 
	1.58 
	N/A

	
	
	
	Cell edge
	0.0536 
	0.0700 
	0.0420 
	

	
	CS/CB
	5
	Cell avg.
	1.86 
	1.98 
	1.60 
	-6.536 

	
	
	
	Cell edge
	0.0588 
	0.0714 
	0.0450 
	9.701 

	
	JT
	10
	Cell avg.
	2.23 
	2.58 
	1.57 
	12.117 

	
	
	
	Cell edge
	0.0745 
	0.0950 
	0.0420 
	38.993 


Table 2:   CoMP spectrum efficiency in Scenario 1 with ITU channel model (FDD, 2x2, and full buffer)

	MIMO
	CoMP
	# of samples (companies)
	Spectrum efficiency
	Median value [bps/Hz]
	Max. value [bps/Hz]
	Min. value [bps/Hz]
	Gain in median value [%]

	SU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	0
	Cell avg.
	-
	-
	-
	N/A

	
	
	
	Cell edge
	-
	-
	-
	

	
	CS/CB
	0
	Cell avg.
	-
	-
	-
	-

	
	
	
	Cell edge
	-
	-
	-
	-

	
	JT
	0
	Cell avg.
	-
	-
	-
	-

	
	
	
	Cell edge
	-
	-
	-
	-

	MU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	6
	Cell avg.
	1.75 
	2.87 
	1.54 
	N/A

	
	
	
	Cell edge
	0.0428 
	0.0700 
	0.0354 
	

	
	CS/CB
	2
	Cell avg.
	1.67 
	1.71 
	1.64 
	-4.097 

	
	
	
	Cell edge
	0.0487 
	0.0515 
	0.0458 
	13.801 

	
	JT
	6
	Cell avg.
	2.22 
	2.90 
	1.69 
	26.997 

	
	
	
	Cell edge
	0.0594 
	0.0980 
	0.0491 
	38.947 

	Mixture of SU- and MU-MIMO
	w/o CoMP
	6
	Cell avg.
	1.75 
	2.87 
	1.54 
	N/A

	
	
	
	Cell edge
	0.0428 
	0.0700 
	0.0354 
	

	
	CS/CB
	2
	Cell avg.
	1.67 
	1.71 
	1.64 
	-4.097 

	
	
	
	Cell edge
	0.0487 
	0.0515 
	0.0458 
	13.801 

	
	JT
	6
	Cell avg.
	2.22 
	2.90 
	1.69 
	26.997 

	
	
	
	Cell edge
	0.0594 
	0.0980 
	0.0491 
	38.947 


Table 3:   CoMP spectrum efficiency in Scenario 2 with 3GPP case 1 channel model (FDD, 2x2, and full buffer)

	MIMO
	CoMP
	# of samples (companies)
	Spectrum efficiency
	Median value [bps/Hz]
	Max. value [bps/Hz]
	Min. value [bps/Hz]
	Gain in median value [%]

	SU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	12
	Cell avg.
	2.02 
	2.41 
	1.64 
	N/A

	
	
	
	Cell edge
	0.0631 
	0.0850 
	0.0399 
	

	
	CS/CB
	3
	Cell avg.
	2.43 
	2.47 
	2.08 
	20.325 

	
	
	
	Cell edge
	0.0720 
	0.0850 
	0.0696 
	14.195 

	
	JT
	5
	Cell avg.
	2.18 
	2.50 
	1.92 
	8.005 

	
	
	
	Cell edge
	0.0788 
	0.0970 
	0.0443 
	24.980 

	MU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	11
	Cell avg.
	2.11 
	2.47 
	1.58 
	N/A

	
	
	
	Cell edge
	0.0579 
	0.0830 
	0.0420 
	

	
	CS/CB
	8
	Cell avg.
	1.98 
	2.43 
	1.60 
	-5.950 

	
	
	
	Cell edge
	0.0698 
	0.0870 
	0.0450 
	20.466 

	
	JT
	12
	Cell avg.
	2.28 
	2.77 
	1.54 
	8.057 

	
	
	
	Cell edge
	0.0835 
	0.1000 
	0.0460 
	44.214 

	Mixture of SU- and MU-MIMO
	w/o CoMP
	23
	Cell avg.
	2.07 
	2.47 
	1.58 
	N/A

	
	
	
	Cell edge
	0.0600 
	0.0850 
	0.0399 
	

	
	CS/CB
	11
	Cell avg.
	2.08 
	2.47 
	1.60 
	0.532 

	
	
	
	Cell edge
	0.0720 
	0.0870 
	0.0450 
	20.000 

	
	JT
	17
	Cell avg.
	2.24 
	2.77 
	1.54 
	8.370 

	
	
	
	Cell edge
	0.0830 
	0.1000 
	0.0443 
	38.333 


Table 4:   CoMP spectrum efficiency in Scenario 2 with ITU channel model (FDD, 2x2, full buffer)

	MIMO
	CoMP
	# of samples (companies)
	Spectrum efficiency
	Median value [bps/Hz]
	Max. value [bps/Hz]
	Min. value [bps/Hz]
	Gain in median value [%]

	SU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	2
	Cell avg.
	1.48 
	1.50 
	1.46 
	N/A

	
	
	
	Cell edge
	0.0389 
	0.0430 
	0.0347 
	

	
	CS/CB
	0
	Cell avg.
	-
	-
	-
	-

	
	
	
	Cell edge
	-
	-
	-
	-

	
	JT
	1
	Cell avg.
	1.62 
	1.62 
	1.62 
	9.445 

	
	
	
	Cell edge
	0.0480 
	0.0480 
	0.0480 
	23.552 

	MU-MIMO 

(with a mixture of ULA and X-pol.)
	w/o CoMP
	6
	Cell avg.
	1.75 
	2.87 
	1.54 
	N/A

	
	
	
	Cell edge
	0.0428 
	0.0700 
	0.0354 
	

	
	CS/CB
	4
	Cell avg.
	1.69 
	1.75 
	1.64 
	-3.516 

	
	
	
	Cell edge
	0.0538 
	0.0595 
	0.0476 
	25.848 

	
	JT
	6
	Cell avg.
	2.25 
	2.85 
	1.67 
	28.715 

	
	
	
	Cell edge
	0.0666 
	0.1160 
	0.0550 
	55.789 

	Mixture of SU- and MU-MIMO
	w/o CoMP
	8
	Cell avg.
	1.68 
	2.87 
	1.46 
	N/A

	
	
	
	Cell edge
	0.0423 
	0.0700 
	0.0347 
	

	
	CS/CB
	4
	Cell avg.
	1.69 
	1.75 
	1.64 
	0.286 

	
	
	
	Cell edge
	0.0538 
	0.0595 
	0.0476 
	27.337 

	
	JT
	7
	Cell avg.
	2.22 
	2.85 
	1.62 
	32.119 

	
	
	
	Cell edge
	0.0641 
	0.1160 
	0.0480 
	51.716 


Table 5:   CoMP spectrum efficiency of configuration 4b in Scenarios 3 and 4 (FDD, 2x2, full buffer)

	eICIC/MIMO
	w/o eICIC
	eICIC
	CS/CB
	JT
	DPS
	CS/CB + eICIC

	Spectrum efficiency
	Area avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge

	SU-MIMO (with a mixture of ULA and X-pol.)

	# of samples (companies)
	44
	25
	15
	23
	3
	6

	Median value [bps/Hz]
	10.03 
	0.0468 
	10.90 
	0.0771 
	10.37 
	0.0754 
	10.32 
	0.0382 
	13.25 
	0.0910 
	10.35 
	0.0839 

	Max. value [bps/Hz]
	13.16 
	0.0916 
	14.57 
	0.1056 
	14.48 
	0.1088 
	14.80 
	0.1358 
	13.25 
	0.0910 
	11.10 
	0.1123 

	Min. value [bps/Hz]
	5.23 
	0.0330 
	5.32 
	0.0342 
	5.22 
	0.0428 
	7.87 
	0.0317 
	9.12 
	0.0513 
	9.96 
	0.0630 

	Gain in median value 

vs. w/o eICIC [%]
	8.610 
	64.718 
	3.314 
	61.111 
	2.810 
	-18.356 
	32.048 
	94.444 
	3.096 
	79.204 

	Gain in median value 

vs. eICIC [%]
	-4.876 
	-2.190 
	-5.341 
	-50.434 
	21.579 
	18.047 
	-5.077 
	8.794 

	Gain in median value 

vs. CS/CB [%]
	-0.211 
	11.230 

	MU-MIMO (with a mixture of ULA and X-pol.)

	# of samples (companies)
	26
	16
	14
	8
	2
	6

	Median value [bps/Hz]
	10.04 
	0.0650 
	10.97 
	0.0814 
	10.08 
	0.0785 
	10.66 
	0.0840 
	11.21 
	0.0880 
	9.96 
	0.0826 

	Max. value [bps/Hz]
	20.13 
	0.1156 
	20.28 
	0.0900 
	22.34 
	0.2054 
	22.37 
	0.2626 
	11.53 
	0.0940 
	10.68 
	0.0980 

	Min. value [bps/Hz]
	8.55 
	0.0490 
	9.05 
	0.0573 
	8.70 
	0.0571 
	9.44 
	0.0720 
	10.90 
	0.0821 
	8.97 
	0.0692 

	Gain in median value 

vs. w/o eICIC [%]
	9.298 
	25.231 
	0.398 
	20.769 
	6.125 
	29.231 
	11.698 
	35.456 
	-0.791 
	27.129 

	Gain in median value 

vs. eICIC [%]
	-8.142 
	-3.563 
	-2.902 
	3.194 
	2.197 
	8.165 
	-9.231 
	1.516 

	Gain in median value 

vs. CS/CB [%]
	-1.185 
	5.266 

	Mixture of SU- and MU-MIMO

	# of samples (companies)
	70
	41
	29
	31
	5
	12

	Median value [bps/Hz]
	10.03 
	0.0619 
	10.90 
	0.0790 
	10.37 
	0.0760 
	10.40 
	0.0750 
	11.53 
	0.0910 
	10.06 
	0.0827 

	Max. value [bps/Hz]
	20.13 
	0.1156 
	20.28 
	0.1056 
	22.34 
	0.2054 
	22.37 
	0.2626 
	13.25 
	0.0940 
	11.10 
	0.1123 

	Min. value [bps/Hz]
	5.23 
	0.0330 
	5.32 
	0.0342 
	5.22 
	0.0428 
	7.87 
	0.0317 
	9.12 
	0.0513 
	8.97 
	0.0630 

	Gain in median value 

vs. w/o eICIC [%]
	8.610 
	27.728 
	3.314 
	22.878 
	3.656 
	21.261 
	14.921 
	47.130 
	0.247 
	33.715 

	Gain in median value 

vs. eICIC [%]
	-4.876 
	-3.797 
	-4.562 
	-5.063 
	5.810 
	15.190 
	-7.701 
	4.687 

	Gain in median value 

vs. CS/CB [%]
	-2.969 
	8.819 
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