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1Introduction

In RAN#60, an LTE Release 12 study item on CoMP for LTE with Non-Ideal Backhaul was approved [1]. The main objective of this SI is to identify the impact of non-ideal backhaul on the performance of coordinated multipoint techniques. In this contribution, we evaluate the impact of backhaul link latency on the performance of UL CoMP schemes for both homogeneous and heterogeneous network deployments.
2 Discussion

During the standardization of UL CoMP techniques in LTE Rel-11, it was assumed that the eNB functionality is split between the CPU (Central Processing Unit), performing the baseband receive processing functions, and the RRH (Remote Radio Head), performing radio frequency reception, which are connected through ideal backhaul, e.g., optical fiber. Typically, baseband processing is performed for a number of RRHs, e.g., 3 or 9 RRHs in the case of intra-site CoMP or three-site inter-site CoMP in the case of homogeneous deployments and 4 RRHs per cell (leading to a total of 5 nodes for intra-cell CoMP or 15 nodes for intra-site CoMP) in the case of heterogeneous deployments. In all cases, centralized or joint scheduling is assumed given that the CPU has all the necessary information for performing the related functions from the exchanged baseband signals between the RRHs and the CPU. According to the description in [1], in this contribution we evaluate the impact of non-ideal backhaul on the performance of UL CoMP in the homogeneous and heterogeneous deployment scenarios defined in [1]. Given the significantly differences between the two scenarios, we tackle the homogeneous case in Section 2.1 and the heterogeneous case in Section 2.2.
2.1 Homogeneous deployment scenario (CoMP Scenario 2 of CoMP evaluation methodology [2]):
In Table 1, the evaluation results for CoMP Scenario 2 [2] are presented for ideal backhaul (no bandwidth or latency limitation) and non-ideal backhaul (no bandwidth limitation, 10 ms two-way latency) and compared with the results for CoMP Scenario 1 (which has no bandwidth or latency backhaul limitations). The 1x2 antenna configuration with cross-polarized antennas and joint reception (JR) CoMP is assumed for all the results in Table 1. 
Table 1: Evaluation Results for the homogeneous deployment scenario
	
	Cell SE (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)

	CoMP Scenario 1
	1.19 (0%)
	0.059 (0%)

	CoMP Scenario 2, ideal backhaul
	1.25 (+5%)
	0.068 (+15%)

	CoMP Scenario 2, non-ideal backhaul (10 ms two-way latency)
	1.19 (0%)
	0.062 (+5%)


Based on the evaluation results in Table 1, even without backhaul bandwidth limitation, 10 ms two-way backhaul latency leads to no cell SE gain and only 5% cell-edge user SE gain compared to the CoMP Scenario 2, which seems to offer benefits compared to Scenario 1 only for high-bandwidth, low-latency backhaul links. Given this observation, other CoMP schemes which can operate with both non-ideal latency and bandwidth backhaul requirements were not necessary to be evaluated.
2.2 Heterogeneous deployment scenario (Small Cell Scenario #1):
In Table 2, the evaluation results for Small Scenario #1 are presented for ideal backhaul (no bandwidth or latency limitation) and three cases of non-ideal backhaul: Case 1 (no bandwidth limitation, 10 ms two-way latency), Case 2 (reduced bandwidth, no latency limitation), and Case 3 (reduced bandwidth, 10 ms two-way latency). The assumed reception schemes for the ideal backhaul scenario are non-CoMP with CRE equal to 9 dB (reference system) and JR CoMP; the assumed reception scheme for Case 1 of the non-ideal backhaul scenario is JR CoMP. The assumed reception scheme for Case 2 and Case 3 of the non-ideal backhaul scenario is based on the network interference cancellation engine (NICE) approach [3]. In the rest of this contribution, we will refer to this scheme as Modified NICE because, unlike the assumptions in [3], it is applied across the cooperating nodes of a cooperation set to enable a fair comparison with the JR results of the ideal backhaul and Case 1 of the non-ideal backhaul simulation scenarios. Modified NICE is considered as a CS (Coordinated Scheduling) scheme because it relies on joint scheduling without requiring joint reception. In Table 2, all calculations assume the 1x2 antenna configuration, while the number of iterations of the NICE receiver [3] is equal to two as it was shown through extensive simulations for Small Cell Scenario #1 that two iterations for the NICE receiver lead to significant improvement over one iteration and marginal performance degradation compared to three iterations. The rest of the simulation parameters are summarized in Table 3 of Appendix A. Regarding the backhaul bandwidth (or data rate) requirements for modified NICE, the maximum requirement between the joint scheduling and the network interference cancellation requirements is considered.  
Table 2: Evaluation Results for the heterogeneous deployment scenario
	
	Required Backhaul bandwidth      (Mbps)
	Two-way backhaul latency        (ms)
	Macro area throughput (b/s/Hz/)
	Cell-edge user SE (b/s/Hz/user)

	Non-CoMP, ideal backhaul
	0
	< 1 ms
	6.53 (0%)
	0.088 (0%)

	JR CoMP, ideal backhaul
	~1,230
	< 1 ms
	8.06 (+23%)
	0.116 (+32%)

	JR CoMP, non-ideal backhaul Case 1
	~1,230
	10 ms
	7.88 (+21%)
	0.113 (+28%)

	Modified NICE, non-ideal backhaul Case 2
	~360
	< 1 ms
	7.21(+10%)
	0.093 (+6%)

	Modified NICE, non-ideal backhaul Case 3
	~360
	10 ms
	7.05 (+8%)
	0.092 (+5%)


Based on the evaluation results in Table 2, it is shown that JR CoMP can operate close to optimal in the presence of two-way backhaul latency of 10 ms. Unfortunately, CS schemes, such the modified NICE approach evaluated in this contribution, do not offer significant improvements over the baseline system or, equivalently, lead to significant performance degradation compared to JR CoMP (with or without latency limitation). Given this observation, it seems that JR CoMP is indispensable for providing high system performance also in heterogeneous deployments, as it was shown to be the case in Section 2.1 for homogeneous deployments. Therefore, techniques such as compression algorithms which are able to reduce the required backhaul bandwidth for applying JR CoMP should be sought in order to offer the best possible spectral efficiency in the LTE uplink.
3 Conclusion
In this contribution we provide simulation results to evaluate the impact of non-ideal backhaul on the uplink CoMP performance in both homogeneous and heterogeneous deployment scenarios. The simulation results clearly indicate that JR CoMP is indispensable for providing high system performance both in homogeneous and heterogeneous deployments. In the homogeneous scenario, it is shown that, even in the absence of backhaul bandwidth limitation, two-way backhaul latency of 10 ms cannot be tolerated for inter-site CoMP. In the heterogeneous scenario, it is shown that, in the absence of backhaul bandwidth limitation, JR CoMP can operate close to optimal in the presence of two-way backhaul latency of 10 ms. Therefore, techniques such as compression algorithms which are able to reduce the required backhaul bandwidth for applying JR CoMP should be sought in order to offer the best possible spectral efficiency in the LTE uplink.
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Appendix A
Table 3: Summary of simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	Homogeneous: Cell spectral efficiency and cell-edge user spectral efficiency; Heterogeneous: Macro area throughput, cell-edge user spectral efficiency

	Deployment scenarios
	CoMP Scenario 2: Homogeneous network with inter-site CoMP 

Small Cell Scenario #1: Heterogeneous network with 1 Macro and 4 LPNs
Note: Interference from all signals out of the coordinated area is explicitly modelled

	Channel model
	CoMP Scenario 2: 3GPP-Case1
Small Cell Scenario #1: UMa for Macro, UMi for pico

	Cell range expansion (CRE)
	9 dB for non-CoMP scheme in Small Cell Scenario #1; otherwise, 0 dB

	Number of UEs per Macro cell area
	CoMP Scenario 2: 10

Small Cell Scenario #1: 30 (Config 4b)

	Maximum transmission power at UE
	24 dBm

	System bandwidth
	10 MHz 

	UL transmission scheme
	CoMP Scenario 2: JR CoMP
Small Cell Scenario #1: JR CoMP, Modified NICE

	Reception point selection (Small Cell Scenario #1)
	Optimal (can be implemented through uplink SRS or downlink CSI-RS measurements)

	Impairment modelling
	·  PUCCH overhead

·  SRS overhead and error
·  DMRS overhead and error 

	Network synchronization
	Synchronized

	Number of antennas at reception point
	2

	Number of antennas at UE
	1 

	Antenna configuration
	Vertically polarized

	Antenna pattern
	3D (see Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814)

	eNB Antenna tilt
	15 degrees for macro eNB and 12 degrees for LPNs

	Antenna gain + connector loss
	14 dBi

	Channel estimation
	Non-ideal, based on explicit DMRS transmission modelling

	Channel sounding
	Non-ideal, based on explicit SRS transmission modelling (CQI/PMI calculation and scheduling)

	eNB/central entity receiver
	MMSE-IRC receiver

	Placing of UEs
	Uniform (CoMP Scenario 2), Uniform (Small Cell Scenario #1)

	Traffic model
	Full buffer 

	Link adaptation
	· MCS-based with outer-loop control

· CQI application delay equal to 5 ms

	Impact of non-ideal backhaul latency on system operation
	Scheduling: Additional CQI application delay equal to the two-way backhaul latency is modelled

HARQ: The HARQ retransmission delay is increased from 8 ms to 16 ms 

	Access scheme
	SC-FDMA

	Scheduler
	Proportional fair, frequency-selective (granularity of 6 RBs)

	Power control
	α=0.8, P0 optimized for each simulation scenario

	HARQ scheme
	Chase combining
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