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1 Introduction

It has been agreed in the latest way forward (WF) on interference mitigation (IM) in TDD eIMTA [1] that:
· eNB measurement on the eNB-to-eNB link is needed for TDD eIMTA 
·  FFS whether and what needs to be specified for eNB measurements 
· Information on eNB-to-eNB interference is exchanged between eNBs via backhauling interface
·   The information on eNB-to-eNB interference is derived at least by eNB measurement on the eNB-to-eNB link
·   FFS on the detailed contents of the information on eNB-to-eNB interference  
Additionally, in [2], discussions on the necessary interference reporting scheme is provided including:
· Information on the UL/DL configuration should be exchanged among eNBs 
·   FFS on whether current backhaul signaling for exchanging the UL/DL configurations among eNB is sufficient or not
· Introduce subframe dependent interference reporting: 
·   For UE: 
· Subframe dependent CSI reports are supported
·   For eNB:
· Introduce subframe dependent interference indicator for eNB-eNB interference
· FFS whether to consider also subframe dependent indicators of UL interference and total interference
During the RAN1 #73 meeting, companies are expected to submit their proposals on the detailed design of potential interference mitigation schemes with evaluation results, necessary measurements, reporting mechanisms and backhaul coordination. In this paper, we propose and evaluate a coordinated scheduling and beamforming assisted IM scheme for TDD eIMTA. The associated interference measurements, reporting schemes and information exchange over the backhaul are analyzed as well.
2 Coordinated scheduling and beamforming based IM in TDD eIMTA
In TDD eIMTA, the interference induced by the mismatched transmission directions in neighbouring cells would dramatically undermine the achievable performance improvements obtained by the UL-DL reconfiguration. Hence, effective interference avoidance and/or mitigation schemes ought to be applied to compensate for the gain loss. By leveraging certain degrees of coordination between neighbouring cells, interference coordination schemes can be employed. In this contribution, by leveraging the legacy CoMP scheme, we propose and evaluate a coordinated scheduling and beamforming assisted IM in dynamic TDD systems for asymmetric traffic adaptation. The proposed IM scheme can be applied in eliminating either the intra-cluster interference and/or inter-cluster interference as long as necessary interference measurements, reports and backhaul coordination are supported. In the following, we illustrate our proposed approach in detail for intra-cluster interference coordination.
[image: image1.png]



Fig. 1 An example of coordinated scheduling and beamforming based IM in a three-cell scenario
Cell cluster serves as the minimum coordination set in which, cells collaborate by means of coordinated radio technologies. The cell clusters can be formed either in a dynamic manner, or a semi-static manner via either centralized control or distributed approach depending on practical implementations. Transmission directions can be aligned within the same cluster for interference avoidance. Here, we assume that cells within the same cluster could employ different UL-DL configurations such that the subframe-dependent IM schemes can be enabled. To mitigate the intra-cluster interference, we investigate the use of the coordinated scheduling and beamforming based IM algorithm that coordinates the scheduling decisions and the derivations of DL beamforming weights with respect to the cluster of interest during crossed subframes. The development of the proposed algorithm is motivated by the concept of CoMP studied in [3] and references therein. To better illustrate the proposed algorithm, we assume that there are three cells within the cluster of interest with each of them having a different UL-DL configuration. For instance, in Fig. 1, pico-cell a and b are conducting the DL transmissions meanwhile UE 6 in pico-cell c is performing the UL transmission. As in this effort, we are more focused on reducing the eNB-eNB interference (and therefore, enhancing the UL throughput performance), the basic principles of the IM algorithm are 
· Minimizing the power leakage from DL to UL

· Scheduling the UL UEs on the RBs that are least interfered by the co-scheduled DL UEs. 
Come back to the example shown in Fig. 1, since only cell c is performing the UL transmission at the moment, the corresponding instantaneous throughput metric can be calculated as
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assuming that UE r is scheduled on RB s; 
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 small-scale fading channel experienced by UE r on RB s in cell c; 
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 represents the DL beamforming vector generated from pico-eNB x to UE y on RB z with dimension of 
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 channel matrix observed by pico-eNB y from pico-eNB x on RB z with each component distributed according to 
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 is the per-antenna average ``out-of-cluster'' interference and noise powers observed at pico-eNB c on RB s. Clearly, the maximization of (1) requires solving
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 represents the transmitted signal power from the pico-eNB. Unfortunately, the solutions to 
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 do not have closed forms. Alternatively, the sub-optimal closed-form solutions could be obtained by using the signal-to-leakage-plus-noise ratio (SLNR)-based linear precoding design [4]. Thus we see that maximizing the throughput of (2) is achieved through the following:
· Step-1: Select a candidate group of UEs (e.g., UE 0, 4 and 6 in Fig. 1) that would possibly be served by pico-cell a, b and c on the same specific RB (say, RB s);
· Step-2: For such a candidate group of UEs (0, 4, 6), the SLNR assuming the transmission from pico-eNB a to UE 0 with the power leakage to pico-eNB c on RB s is calculated as
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 DL small-scale fading channel experienced by UE 0 on RB s in pico-cell a with 
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 is Hermitian positive definite, by generalized eigenvalue decomposition, there exists an invertible matrix 
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, respectively. Then, the optimal beamforming vector that maximizes the objective function in (4) can be obtained by extracting the first column of 
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where 
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 is a scaling factor so that 
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· Step-4: Compute the uplink throughput performance for this candidate group of UEs (0, 4, 6) by plugging the optimized beamforming weights into (1);
· Step-5: Iterate from Step-1 to Step-4, obtaining the uplink throughput metrics for other candidate groups of UEs;
· Step-6: Select and schedule the candidate group of UEs with the maximum uplink throughput performance on RB s.
The above procedures are described specifically for a cluster comprising three coordinating cells with the crossed subframe containing two DL transmissions and one UL transmission. However, it is worth noting here that the proposed algorithm can be generalized to the case that more than three cells are included in the same cluster with arbitrary combinations of DL and UL subframes. Obviously, globally optimizing the DL beamforming vectors and the scheduling results would yield increased computational complexity and signalling overhead. Fortunately, these can be significantly reduced by means of distributed and iterative scheduler design. This is mainly because the DL beamforming weights can be derived at each local site independently. The scheduler can be implemented iteratively such that at each iteration, the cell of interest revisits its scheduling decisions as well as the calculated beamforming weights based upon the scheduling results and/or beamforming vectors determined by other cells at the previous iteration. Then, the cell of interest updates the associated decisions that maximize the predefined performance metrics. After several times of iterations, the maximization of the overall uplink throughput could be achieved. 
3 Simulations and analysis
Detailed simulation assumptions and system parameters are listed in Table I, following 3GPP guidelines [5]. In our simulations, the DL and UL transmissions are evaluated simultaneously in an integrated simulator. Additionally, file transfer protocol (FTP) traffic model 1 defined in 3GPP TR36.814 [6] is applied with fixed file size of 0.5 Mbytes. If we denote the DL packet arrival rate as
[image: image41.wmf]DL

l

, the UL packet arrival rate 
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 can be calculated according to the ratio of the DL/UL packet arrival rate 
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. A packet is randomly assigned to a UE with equal probability. Moreover, the traffic patterns are independently modeled for both DL and UL directions per UE in different cells. For the cell clustering, we employ the coupling loss between relevant cells as the metric. The coupling loss threshold is set to be 70 dB, which actually is the minimum coupling loss defined in related 3GPP specifications [7]. The maximum number of cells within the same cluster is restricted as three. By doing so, (i) the computational complexity and overhead of the proposed IM scheme are scalable; and (ii) sufficient coordination gains can be achieved. Additionally, the cell clustering is performed dynamically.
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Fig. 2 Cell-average DL packet throughput performance
[image: image45.png]Packet throughput (Mbps)

20
18
16
14

12 -
10 -

Cell-average UL packet throughput performance

mRef. config. 1 ®Cell-specific reconfig. ®Coordinated scheduling/beamforming based IM

o N A O
T T I B





Fig. 3 Cell-average UL packet throughput performance
Cell-average DL and UL packet throughput performances are provided in Figs. 2 and 3, respectively. Two cases are considered as baseline scenarios for comparison with our proposed coordinated scheduling and beamforming based IM scheme. They are: (i) reference configuration 1 is employed without dynamic reconfiguration; (ii) cell-specific reconfiguration without any IM scheme. From the evaluation results, it is concluded that in UL, the cell-specific reconfiguration exhibits worse throughput performance relative to no reconfiguration at high traffic loads due to the eNB-eNB interference. Our proposed IM scheme is incorporated with the cell-specific reconfiguration method on the basis of cell cluster. From the evaluation results, it is observed that our proposed IM scheme exhibits promising throughput performance over the baseline scenarios in both DL and UL directions. In addition, the corresponding performance improvements are especially substantial in UL at relatively high traffic loads. This is due to the fact that the occurrence of the candidate UEs with promising performance metrics increases at high traffic loads.
Therefore, we have
Observation: Coordinated scheduling and beamforming based scheme can effectively reduce the negative impact on the system performance arising from the eNB-eNB interference. The performance improvements are especially substantial in the UL direction.
4 Interference measurement, reporting and backhaul coordination
In order to facilitate the above presented interference coordination scheme, necessary interference measurements, reports and information exchange over the backhaul are needed. Particularly, the interference measurement on the eNB-eNB link is highly desired. This is because the calculation of necessary performance indicators in performing the proposed interference coordination scheme requires the knowledge of the eNB-eNB interference. To obtain the eNB-eNB interference, the eNBs need to detect and measure neighbouring cells’ signals in a semi-static manner. The periodicity of the interference measuring and reporting could be much larger than the CSI report of UEs. Unfortunately, the current reference signals (e.g., PSS) are not sufficient and cannot satisfy the requirement for the eNB-eNB interference listening among eNBs. Therefore, a new reference signal is demanded to support the eNB-eNB interference measurements among neighbouring eNBs. The information to be measured between relevant eNBs could be long term channel information such as path loss. Additionally, short term small-scale fading parameters, such as the CSI between relevant eNBs may also be measured to assist the adjustment of the DL beamforming vectors, the eNB power loading and PMI/RI for MIMO operation. As the cross-link interference (including both the UE-UE and eNB-eNB interference) level significantly varies from the typical interference (i.e., eNB-UE and UE-eNB interference) level, dual CSI and CQI/SRS measurements and reports should be enabled to refine the results of link adaptation, scheduling and etc. Finally, necessary information exchange between relevant eNBs is required as well to facilitate the interference coordination schemes in dynamic TDD systems. This information may include the UL-DL allocation results, traffic demands, scheduling results and interference measurements of all relevant cells. 
Proposal 1: The interference measurement and reporting on the eNB-eNB link should include both long term and short term fading parameters between relevant eNBs. New reference signal design is demanded.
Proposal 2: Subframe dependent CSI, CQI/SRS measurements and reports should be supported to optimize the link adaptation results, scheduling results and etc. for traffic adaptation.
5 Conclusion
In this paper, we have discussed a coordinated scheduling and beamforming based interference coordination scheme in TDD eIMTA for asymmetric traffic adaptation. Additionally, necessary interference measurements and reports (especially on the eNB-eNB link) are also analyzed. We provide our observation and proposals as following:
Observation: Coordinated scheduling and beamforming based scheme can effectively reduce the negative impact on the system performance arising from the eNB-eNB interference. The performance improvements are especially substantial in the UL direction.
Proposal 1: The interference measurement and reporting on the eNB-eNB link should include both long term and short term fading parameters between relevant eNBs. New reference signal design is demanded.
Proposal 2: Subframe dependent CSI, CQI/SRS measurements and reports should be supported to optimize the link adaptation results, scheduling results and etc. for traffic adaptation.
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Appendix 
Table I: Simulation assumptions and parameters
	Parameters
	Assumptions used for simulation

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Inter-site distance
	500m

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout (note that macro cells are deployed but not activated)

	Outdoor Pico deployment
	40m radius, random deployment

	Number of Pico cells per sector
	4

	Minimum distance between Pico cells
	40m

	Minimum distance between UE and Pico
	10m

	Outdoor Pico antenna pattern
	2D, Omni-directional

	Outdoor Pico antenna gain
	5dBi

	UE antenna gain
	0dBi

	Outdoor Pico noise figure
	13dB

	UE noise figure
	9dB

	Outdoor Pico max transmission power
	24dBm

	UE power class
	23dBm (200mW)

	Number of UEs per Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	User distribution
	Cluster, Photspot = 2/3

	Shadowing standard deviation between outdoor Pico cells
	6dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	PL of outdoor Pico to outdoor Pico
	LOS: if R<2/3 km, PLLOS(R)=98.4+20log10(R)

Else, PLLOS(R)=101.9+40log10(R)  For 2GHz, R in km

NLOS:

Case 1: PLNLOS(R)=169.36+40log10(R), R in km.

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	PL of outdoor Pico to UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km

Case 1:

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	PL of UE to UE
	If R<=50m, PL(R)=98.45+20log10(R), R in km

Else, PL(R)=55.78+40log10(R)  For 2GHz, R in m

	Scheduler
	Single-user: FIFO   multi-user: PF in both time and frequency

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Special subframe configuration #8

	Receiver type
	MMSE

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LoS and 4dB for NLoS

	HARQ retransmission scheme
	IR

	Reference UL-DL configuration
	#1

	Time-scale for reconfiguration
	10ms

	Time-scale for clustering
	1000ms

	Channel estimation
	Ideal

	Synchronization
	Ideal

	UL-DL modulation order
	QPSK, 16QAM, 64QAM
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