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1. Introduction

Coordinated multi-point (CoMP) transmission and reception was introduced in LTE-Advanced Rel 11 to improve the coverage of high data rates, the cell-edge throughput, and also to increase overall system throughput [3]. However, CoMP in Rel-11 did not address specified support of CoMP involving multiple eNBs with non-ideal backhaul. 
The SID of CoMP for LTE with non-ideal backhaul was approved in [1], where the following is stated: 
RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work.
In 3GPP TR 36.874, the non-ideal backhaul conditions are defined for CoMP as follows:

· CoMP Scenario 2 with non-ideal backhaul (NIB):

· Backhaul assumption:

· Non-ideal backhaul between eNB sites

· Latency value {5,50}ms
·  SCE scenario 1 with NIB:

· Backhaul assumption:

· Non-ideal backhaul between eNBs:

·  Between macro eNB and small cell eNBs within its coverage

·  Between small cell eNBs under the coverage of one macro cell

·  Between small cell eNBs of different cells in the same site

· Latency values {5,50}ms
· SCE scenario 2a with NIB:

· Backhaul assumption:

· Non-ideal backhaul between eNBs:

·  Between macro eNB and small cell eNBs within its coverage

·  Between small cell eNBs under the coverage of one macro cell

·  Between small cell eNBs of different cells in the same site

· Latency values {5,50}ms
If the backhaul is non-ideal, HARQ operation will be impacted, and information exchanged through backhaul will become outdated.
In this contribution we analyze UL CoMP with non-ideal backhaul, and we propose an UL coordination scheduling scheme with X2 signaling including UE ID, SRS configuration and an indication of potential interference. Evaluation results are provided with respect to the proposed signaling. 

2. Uplink Coordinated Scheduling Enhancement for eCoMP
2.1 Design Principle
The main principle of uplink coordinated scheduling for eCoMP is to estimate the channel of neighboring UEs on each RB, and thus the potential interference. Then the neighboring cells send the interference information to the UE’s serving cell, which might schedule the UE on RBs with less interference if possible. 
If it is not possible for a serving cell to avoid scheduling a UE on RBs that are likely to have strong interference from multiple neighbouring cells, one approach that may be considered is to try to align the directions of arrival of the interference from the neighbouring cells by judicious UE selection in those cells. This will help the serving cell to cancel interference, by enabling it to cancel interference from multiple cells using a single null in the reception beam. 
Taking Figure 1 as an example, the red arrow is the aligned/preferred interference direction. In Figure 1(a), the interference from UE2 to Cell 1 deviates significantly from the aligned/preferred interference direction on RB1, and thus UE2 will generate high interference to signals that will be received at Cell 1 at RB1. By contrast, in Figure 1(b), the interference from UE2 to Cell 1 is close to the aligned/preferred direction on RB2, and thus the interference from UE2 can more easily be mitigated at Cell 1 at RB2. Then Cell 1 could recommend that Cell 2 schedule UE2 on RB2, instead of RB1. 
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Figure 1: Example of uplink Interference Alignment
3.2 Scheduling Procedure
The procedure for uplink coordinated scheduling is given as following:

· Step 1: Each cell will generate an interference vector V[image: image4.png]a+b
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 for each TTI and an interference threshold [image: image6.png]


 locally. For the sake of explanation, it is assumed that [image: image8.png]
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 are predefined by a serving cell and [image: image12.png]
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 are predefined by a neighboring/cooperating cell. 

· Step 2: If the pathloss of the UE to a neighboring/cooperating cell [image: image16.png]PLy



 is close to the pathloss to its serving cell [image: image18.png]PL.
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 is a pathloss threshold predefined by the serving cell, then the serving cell will send such UE id and its associated SRS configuration to the neighboring/cooperating cell N.
· Step 3: At TTI i, each neighboring/cooperating cell estimates the channel of all UEs indicated in step 2 by using the exchanged UE IDs and associated SRS configurations, and calculates the angle between estimated channel vector and predefined interference vector [image: image24.png]
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) denoted asθ where [image: image28.png]


 is the backhaul delay. The interference level for given UE can be approximately computed as [image: image30.png]44 = Psin(6)
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 is larger than predefined interference threshold [image: image34.png]-



, then the neighboring/cooperating cell N will send a signaling by X2 to the serving cell for such UE indicating potential high interference warning. 
· Step 4: When scheduling for TTI [image: image36.png]


, each cell may modify the proportional fairness metric of UEs and schedule UEs by taking into account received interference indications from all cooperating/neighboring cells independently. 
3.3 Proposals of X2 signaling to support UL eCoMP
Two types of X2 signaling are proposed here to support enhanced UL coordinated scheduling with non-ideal backhaul.
· UE ID and corresponding SRS configuration in Step 2
The serving cell will send a UE ID and associated SRS configuration to specific neighboring cells if the serving cell considers that such UE may possibly give high interference to such neighboring cells. 

· UE ID, RB index and interference level in Step 3
After estimating the interference by using SRS configurations, the neighboring cells may confirm that such UEs are likely to generate high interference on a RB/subband. Therefore the neighboring cell will send the UE ID, the RB index (could be at per PRB or subband level), and interference level (could be defined using a single bit or using more bits with finer granularity like high,  medium and low interference levels) to the serving cell. 
Note that applying the interference alignment procedure described above in the scheduling procedure is only one of many UL implementation possibilities supported by the above signaling. The selection of which UE IDs and associated SRS configurations shall be passed to other cell(s) from the serving cell in Step 2 is an eNB implementation issue. Other UE selection criteria can be supported in Step 2. UE selection, resource and interference indication in Step 3 is also an eNB implementation issue and highly correlated to specific eNB receiver design. The proposed interference level in Step 3 can also be equivalently replaced by the concept of scheduling priority, or power restriction, or similar. 
Therefore the most important aspect of the above proposals is that some UEs and associated SRS configurations shall be conveyed from one TP to another TP which, thereafter, will feedback some recommendations/requests for those UEs within given RBs. 
3. Evaluation Results
Uplink CoMP evaluations for the proposed signaling in Section 3.3 are provided in Table 1 for small cell enhancement scenario #1 with non-full buffer traffic model and 80%RU. In the simulations, the IoT is about 11dB. The coordination set includes all cells in a site, i.e. three macro cells in a site and 12 small cells under the coverage of the 3 macro cells. The interference information in step 3 is updated every TTI. Other simulation assumptions are summarized in the Appendix according to [2]. 
	Table 1 Evaluation Results for non-full buffer

　
	cell average (bps/Hz)
	UE 5% (bps/Hz/UE)
	UE 50% (bps/Hz/UE)
	UE 95% (bps/Hz/UE)
	UE Mean (bps/Hz/UE)

	Baseline with 0ms
	5.48
	0.0062
	0.089
	0.35
	0.13

	CS, 0ms
	5.45(-0.6%)
	0.0068 (+9.7%)
	0.089(+0.0%)
	0.35(+0.0%)
	0.12 (-3.5%)

	CS, 5ms
	5.47(-0.2%)
	0.0060(-3.2%)
	0.087(-2.3%)
	0.34(-4.1%)
	0.12 (-3.9%)

	CS, 50ms
	5.53(+0.9%)
	0.0058 (-6.5%)
	0.087 (-2.3%)
	0.34(-3.1%)
	0.13(-0.8%)


Without backhaul delay, the cell edge throughput could be improved while the cell average throughput is slightly reduced. However with backhaul delay, the performance is worse than the baseline performance. Further study and optimization is required. 
4. Conclusions
In this paper, coordinated scheduling for eCoMP with non-ideal backhaul is analyzed and evaluated for SCE scenario#1. Simulation results show that coordinated scheduling offers gain under certain scenarios even with large backhaul latency (50ms). However, under non-full buffer scenarios, the proposed scheme doesn’t show the gain and requires further optimization. 
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Appendix: Simulation Assumptions
Table 3 Uplink Simulation Assumptions
	Parameter
	Values used for evaluation

	Deployment scenarios
	SCE Scenario #1 

	Layout
	· Macro cell: hexagonal grid, 7 Macro sites and 3 sectors per site. 
· Small cell: clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	· Macro cell: 2GHz
· Small cell: 2GHz

	Number of carriers 
	1 

	Distance-dependent path loss
	· ITU UMa for macro cell and ITU UMi for small cell.
· 3D distance between an eNB and a UE applied

	Penetration
	· Outdoor UEs: 0dB

· ITU Uma: Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)for SCE#1, 2 for #2a
· ITU Umi: Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)for SCE#1
· ITU Umi: Indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link) for #2a

	Shadowing
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna pattern
	· Macro cell: 3D,  referring to TR36.819

· Small cell: 2D Omni-directional

	Antenna Height
	25m for macro cell and 10m for small cell

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi for macro cell and 5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna configuration
	1Tx, 2Rx, cross-polarized

	Number of cluster per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Number of UEs per cell
	60 UEs per macro cell geographical area

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Total BS Tx power (Ptotal per carrier)
	· Macro cell: 46 dBm in a 10MHz carrier
· Small cell: 30 dBm for fixed Tx power

	Minimum distance (2D distance)
	Small cell – small cell: 20m

	
	Small cell – UE: 5m

	
	Macro – small cell cluster center: 105m

	
	Macro – UE : 35m

	
	Cluster center – cluster center: 2x Radius for small cell dropping in a cluster

	Network synchronization
	Synchronized

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRP, with CRE=9dB.
With HO margin as 1dB

	Link adaptation
	Non-ideal, single cell link adaptation

	Backhaul delay
	0ms, 5ms, 50ms

	Power control
	FPC, P0=-60dB, α=0.8.

	UE receiver
	MMSE
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