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1 Introduction

At the RAN#60 plenary meeting, the latest status report for “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [1] was agreed. Some remain issues are presented. Thereinto, one of the important issues is “the detailed contents of the information on eNB-to-eNB interference”.
In the meeting RAN1#72bis and RAN1#73, some contributions about the enhancement of CCIM (called eCCIM) scheme had been raised [2]

 REF _Ref363307020 \r \h 
[3]

 REF _Ref355792148 \r \h 
[4]

 REF _Ref355792149 \r \h 
[5]. By the means of this enhanced CCIM solution, the system performance of TDD dynamic configuration is considered to have greatly improvement compared to the original scheme.
In this contribution, we will provide the results of simulation evaluation for eCCIM and provide some considerations and proposal for backhaul signaling support.
2 eCCIM scheme
As described in [2]

 REF _Ref363307020 \r \h 
[3]

 REF _Ref355792148 \r \h 
[4]

 REF _Ref355792149 \r \h 
[5], one enhanced CCIM (eCCIM) solution is provided, by which the more performance gain can be obtained comparing to CCIM via splitting the cluster. The main idea is shown in follows:
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Fig. 1: cluster splitting based CCIM (eCCIM)

The “interference isolation region”, shown in Fig. 1, may comprise at least one “key cells”, which is located in key position for splitting the cluster. The “interference isolation region”, establishing by certain methods, allows the original cluster to split into two or more smaller clusters. Named as “interference isolation region”, in fact, are one or more cells, in which severe cross-interference is not observed (lower than the clustering criterion) or even no cross-interference. 

The “interference isolation region” can be realized by following methods, 

· Remove and shut down “key cell”;

· Shrink the “key cell” coverage;

· Limit the resource scheduling in the “key cell”. This solution means in the “key cell” only some of subframes can be scheduled.
In the following section we will provide the performance evaluation based on abovementioned eCCIM scheme.
3 Simulation evaluation
In this subsection, we will provide the results of system evaluation in detail. The simulation parameters are shown in Table 1 and Table 2 in the appendix.
These are two possible algorithms in this simulation as follows,

Table 1: the algorithms of reconfigured TDD UL-DL configuration for legacy UE
	Algorithms
	Definitions

	Baseline algorithm
	Original CCIM

	Algorithm 1
	“Dynamic scheduled resource restriction”. According to the configuration of neighbor cell of key cell, key cell can be scheduled in sub-frames where the subframe transmission direction is the same as neighbor cell. 

	Algorithm 2
	Shrink the “key cell” coverage. In this contribution, we decrease the transmission power of eNB with the adjustment step 10%.


In this contribution, two different traffic models are provided, respectively, ratio of DL and UL arrival rate = {1/1} and {2/1}.
The simulation results in detail are shown in follows,
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Fig. 2: DL and UL cell average throughput for splitted cluster

As shown in Fig. 2, the DL and UL cell average packet throughput for splitted cell are provided. Thereinto, the “splitted cluster” is defined as a cluster, which should be splitted into two or more smaller clusters and include more than two cells. Fig. 2 provides the cell average throughput for such splitted cluster. 
According to the Fig. 2 we can notice that: 
Observation 1: The cell average packet throughput gain of splitted cluster can be observed at least in most medium and high arrival rate in both DL and UL direction.
More specifically, 

· For both algorithms, obvious throughput gain can be observed in DL direction in most of the arrival rate since the eCCIM provide more reconfiguration flexibility for eIMTA.
· For both algorithms, DL throughput gain is larger than UL. 

· Alg.2 provides larger DL throughput gains than Alg.1, but UL performance of Alg.1 is better than Alg.2.
· For both algorithms, slight even no throughput gain can be observed in low arrival rate in both DL and UL (the simulation results of lower arrival rate can be found in appendix). According further analysis the main reason is that in the low arrival rate case the traffic is rare result in the selected configuration within eCCIM and CCIM is similar. 
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Fig. 3: DL and UL cell average throughput for Key cell
 The Fig. 3 provides the simulation results only for key cell. According to the simulation results we can notice that:
Observation 2: The degradation of packet throughput of Key cell can be observed for both algorithms and both direction, except the DL throughput for alg.2.
More specifically, 
· Packet throughput gain in DL can be observed for Alg.2 since increases the efficiency of dynamic reconfiguration due to shrink the “key cell” coverage;

· Compare to baseline the performance degradation can be observed in both DL and UL for Alg.1 since the scheduled resource is restricted. 
From above analysis, we can know that eCCIM scheme could provide system performance gain including both DL and UL direction, especially for medium and high arrival rate. However, for the key cell slight system performance loss can be observed because of establishing the interference isolation region. In general, such trade-off is valuable for small cell scenario, especially for dense deployment and large data scenario.

Nevertheless, it is important to note that in LTE(A) system dynamically adjust the transmission power is not allowed. Fortunately, we can choose the transmission power between defined values of transmission power, even shut down and remove the key cell. Therefore, the similar conclusion can be obtained.
4 Backhaul signaling support
According to the abovementioned analysis, obviously, enhanced CCIM scheme will greatly improve the system performance compared to the original solution even if some throughput degradation was observed in “Key Cell”. However, we think such performance penalty is worthy, especially for dense small cell and large data scenario. 
According to the provided possible algorithms for eCCIM, some backhaul signalling support is necessary. Transmission direction of neighbour cell in flexible subframe should be signalled to “Key Cell” to perform the scheduling restriction or other method to establish the “interference isolation region”. One candidate is transmitting the TDD UL-DL configuration of neighbour cell via X2 signalling. 
Proposal 1: We recommend RAN1 to consider provide the backhaul signaling support for eCCIM. For example, transmit the TDD UL-DL configuration via X2 signaling.
5 Conclusion
In this contribution, we discuss the eCCIM and backhaul signalling support. We observed that:
Observation 1: The cell average packet throughput gain of splitted cluster can be observed at least in most medium and high arrival rate in both DL and UL direction.
Observation 2: The degradation of packet throughput of Key cell can be observed for both algorithms and both direction, except the DL throughput for alg.2.
We conclude the following proposal:
Proposal 1: We recommend RAN1 to consider provide the backhaul signaling support for eCCIM. For example, transmit the TDD UL-DL configuration via X2 signaling.
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7 Appendix
7.1. The parameters table
Table 2: Pico-cell system parameters
	Parameter
	Assumption

	Pico deployment
	single cell with a radius of 40 m

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D,Omni-directional

	Pico noise figure
	13dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm(200mW)

	Minimum distance between UE and pico
	10m

	Number of UE per pico cell
	10

	Shadowing standard deviation
	3dB for LOS and 4dB for NLOS

	Penetration loss between pico and UE
	w/o

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)

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

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


Table 3: Simulation parameters
	Parameters
	Assumptions

	Deployment scenario
	7*3 Macro, 4 picos per Macro

	Macro BS Tx power
	46dBm

	Pico Tx power
	24dBm

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	1Tx 2Rx

	UE antenna configuration
	1Tx 2Rx

	Reconfiguration time scale 
	10ms

	Clustering Threshold
	80dB

	Traffic model
	FTP model 1 in 36.814

Fixed packet size of 0.5M
Poisson distributed with arrival rate λ

10 UEs per pico cell
Independent traffic modeling for DL and UL per UE

Both low and high load cases shall be covered, value of lamda is selected within the value range

	Reference UL-DL configurations

	Case1: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1}

Case2: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1}

	Packet Drop Time 
	8s for 0.5MB 

	Evaluation methodology
	Joint DL and UL simulation in one simulator
Independent packet generation for DL and UL
One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	First-in-first-out packet scheduler
Full bandwidth assignment, i.e. without frequency selective scheduling
MCS selection by the large scale channel quality.

	HARQ and ARQ
	Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms
Chase Combining with maximum 4 transmissions
Retransmission by high layer till TB is received correctly

	Interference mitigation
	Cell cluster interference mitigation 


7.2. Supplementary simulation results
Table 4: DL and UL cell and UE average throughput for splitted cluster
	Simulation cases
	Cell DL avg Thr
	Cell UL avg Thr
	5%UE
DL avg Thr
	5%UE
UL avg Thr
	50% UE DL avg Thr
	50% UE UL avg Thr
	95% UE UL avg Thr
	95% UE UL avg Thr

	λUL=0.5
λDL=0.5
	baseline
	20.654
	13.782
	12.759
	2.129
	19.231
	16.129
	28.169
	20.408

	
	Alg.1
	18.964
	13.709
	7.117
	2.345
	19.048
	14.493
	27.682
	20.356

	
	Alg.2
	21.996
	13.578
	12.598
	2.890
	20.279
	14.467
	27.972
	20.408

	λUL=1.5
λDL=1.5
	baseline
	15.684
	10.380
	1.362
	0.761
	16.000
	11.242
	27.397
	19.608

	
	Alg.1
	17.077
	10.384
	7.634
	0.996
	17.467
	10.653
	28.037
	20.270

	
	Alg.2
	18.350
	9.6395
	5.865
	0.700
	19.048
	9.368
	27.907
	20.202

	λUL=2.5
λDL=2.5
	baseline
	10.993
	6.538
	1.828
	0.638
	9.604
	6.250
	23.715
	16.416

	
	Alg.1
	12.099
	7.603
	3.377
	0.798
	11.429
	6.326
	22.599
	18.692

	
	Alg.2
	13.047
	7.027
	3.897
	0.646
	12.461
	6.385
	27.211
	15.842

	λUL=0.25
λDL=0.5
	baseline
	22.348
	14.564
	13.559
	2.148
	20.202
	15.686
	28.169
	20.408

	
	Alg.1
	20.418
	14.759
	11.050
	1.692
	19.139
	17.167
	28.037
	20.408

	
	Alg.2
	22.281
	14.286
	13.115
	1.323
	19.481
	13.559
	28.070
	20.408

	λUL=0.75
λDL=1.5
	baseline
	18.062
	10.960
	6.504
	1.707
	19.048
	11.173
	27.397
	20.202

	
	Alg.1
	17.521
	12.074
	7.339
	1.524
	18.349
	12.158
	27.907
	20.408

	
	Alg.2
	18.703
	10.669
	6.084
	1.349
	19.048
	10.582
	27.875
	20.202

	λUL=1.25
λDL=2.5
	baseline
	12.182
	8.748
	2.124
	1.116
	10.050
	8.547
	25.974
	17.837

	
	Alg.1
	12.896
	9.875
	2.933
	0.890
	11.719
	9.852
	27.027
	20.202

	
	Alg.2
	14.377
	8.521
	3.693
	0.982
	12.945
	8.114
	27.211
	20.202


Fig. 4: The CDF figure for splitted cluster in different simulation cases
	λUL=0.5，λDL=0.5，Downlink
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