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Introduction
One of major challenges in the deployments of multi-cell networks with dynamic TDD UL/DL configuration is an efficient interference management. According to earlier studies [1-3], downlink-to-uplink cross-link and uplink-to-downlink cross-link interference components, in addition to conventional downlink-to-downlink and uplink-uplink inter-cell-interference, have been reported to degrade the system level performance of multi-cell networks with dynamic UL/DL TDD configuration.  In [4], uplink-to-downlink cross-interference has been identified to severely degrade UL SINRs at neighbouring pico BSs when omni-directional antennas are used in DL transmission without power control. Naturally, the impact of downlink-to-uplink crosslink interference to the system performance depends on considered deployment scenario. Due to static locations of base stations, downlink-to-uplink cross-link interference components can be considered as deterministic. On the contrary, due to the random locations of users, uplink-to-downlink cross-link interference component can be characterized as stochastic. Hence, the uplink-to-down cross-link interference has a lower occurrence probability with respect to the deterministic downlink-to-uplink cross-link interference.
During eIMTA study item phase, network based cell-clustering interference mitigation schemes have gained interest among 3GPP partners to mitigate cross-link interference components in multi-cell network with dynamic UL/DL TDD configuration. In [1,3], network based cell-clustering schemes have been studied in single cell and multi-cell deployments with various traffic asymmetric as well as network load assumptions. However, so far, the discussion has been mainly focused on network based interference management schemes, e.g. cell-clustering and scheduling. Therefore, instead of focusing solely on network based interference mitigation techniques, it is reasonable consider also alternative techniques to mitigate cross-link interference.
An alternative technique to mitigate cross-link interference is to exploit linear multi-antenna interference suppression receivers, e.g. Rel-11 based advanced receivers at a UE. The linear interference suppression receivers, e.g. interference rejection combining (IRC)/minimum mean square error (MMSE) receivers, can provide an attractive approach to effectively mitigate cross-link interference components in multi-cell networks with dynamic UL/DL TDD configuration. Previously, the impact of linear IRC/MMSE based receivers to the system level performance has been extensively studied in the framework of MIMO and COMP studies. Recently, in RAN4, the performance of IRC/MMSE based receivers has been examined with fixed TDD configurations. However, according to our best knowledge, the impact of IRC/MMSE based receivers to the system level performance of multi-cell network with dynamic UL/DL TDD configuration has not been previously addressed in RAN1. 
The main contribution of this work is summarized as follows: The performance of cell-clustering and linear interference suppressions receivers with UL/DL traffic adaptation is considered. 
2 Interference Mitigation Schemes for Multi-Cell Pico Deployment  
In this section, a network and a receiver based interference mitigation schemes in conjunction with adaptive UL/DL TDD configuration are briefly discussed. Particularly, we focus on cell-clustering and linear IRC/MMSE receiver based interference mitigation schemes.
2.2 Linear Interference Suppression Receivers 

In this section, a brief description of interference suppression receivers is provided. The target of linear interference suppression receivers is to exploit the structure of interfering signals while mitigating interference. 
In general, the interference suppression capability of a linear receiver is determined by the number of interferers and the number of receiver antennae, NR. More specifically, a linear interference suppression receiver with NR antennae is able to suppress NR-1 interferers. Since IRC/MMSE receivers are well-known, the details of IRC/MMSE receivers are omitted from this contribution. However, generic expressions for the adopted IRC/MMSE receivers for DL and UL, respectively, are provided in Appendices C and D, respectively. Additionally, the SINR expressions for both DL and UL with non-clustered approach are provided in Appendix E. To find more details about IRC/MMSE receiver, an interested reader is advised to see e.g. [5] and references therein. It is worth noting that throughout this contribution, ideal channel and interference estimates are assumed to be available at both UL and DL receivers, respectively. The discussion on channel and interference estimation is not within the scope of this contribution and left as a future study for this work.  
2.2 Cell-Clustering 

In this section, the brief overview of cell-clustering scheme is provided. As mentioned in previous section, the major target of cell-clustering scheme is to mitigate downlink-to-uplink cross-link interference. In the following, the main principles of cell-clustering presentenced in [1,3] are affirmed again. The main idea of cell-clustering is to form isolated clusters in which UL/DL transmission directions among cells within a cluster are aligned. The way to form a cluster has a central role in terms of performance and required signalling. Typically, clusters are formed among cells based on a coupling metric, e.g. path loss, to determine the feasibility of a cell to be part of a cluster. As a result of clustering, the cross-link inter-cell-interference within a cluster can be mitigated. Furthermore, if a sufficient isolation between different clusters can be guaranteed, the inter-cluster-interference can be neglected. Naturally, the guarantee of isolated clusters is heavily subject to a considered deployment scenario. In general, the cell-clustering approach leads to traffic   adaptation problem. The traffic adaptation problem increases proportionally to the number of cells associated with a cluster. Therefore, the performance of the cell-clustering scheme has a trade-off between traffic adaptation and interference mitigation capabilities.
3 Performance Comparison
In this section, the numerical results on a system-level performance comparison between cell-clustering and IRC/MMSE based receivers with instantaneous traffic load based adaptation scheme are shown. For benchmarking purposes, the results of fixed UL/DL configuration, #1, are also included. The adaptation time scale for adaptive UL/DL reconfiguration is set at 10 ms for all schemes. It is worth noting that both schemes are evaluated with MRC and IRC/MMSE receivers equipped with two receive antennae. Moreover, ideal channel state information is assumed to available at UEs and BSs, respectively. Average cell and packet throughputs are used as a performance metric in the simulations. The simulation parameters and assumptions are summarized in Appendices A and B. Note that to guarantee a sufficient coupling in terms of path loss between different pico BSs within a cluster, 4 pico BSs are randomly dropped close to each other such that the requirement for minimum distance between pico BSs is not violated. Figure 1 shows an example of cluster deployment in a cell. Table 1 provides a summary of considered schemes and corresponding abbreviations. 
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Figure 1. An example of cluster deployment in a cell.
Table 1. A summary of considered schemes and corresponding abbreviations.
	Scheme
	Abbreviation

	cell-clustering with MRC and dynamic UL/DL TDD configuration 
	adapt., CL w / MRC 

	cell-clustering with IRC and dynamic UL/DL TDD configuration
	adapt., CL w / IRC 

	non-clustered cells with MRC and dynamic UL/DL TDD configuration
	adapt., no CL w / MRC 

	non-clustered cells with IRC and dynamic UL/DL TDD configuration
	adapt., no CL w / IRC 

	fixed UL/TDD configuration #1 with MRC
	fixed #1, w/ MRC

	fixed UL/TDD configuration #1 with IRC
	fixed #1, w/ IRC


Figure 2 shows the average cell downlink packet throughput vs. downlink arrival rate. As can be seen, the cell-clustering with dynamic traffic adaptation and the MRC receiver can achieve worse packet throughput performance than the non-clustered scheme in conjunction with dynamic traffic adaptation and MRC receiver. The reason for this is that the traffic adaptation capabilities dominate greatly the average packet throughput performance. As mentioned in Section 2, the performance of cell-clustering scheme has a trade-off between traffic adaptation and interference mitigation capabilities. Since the cell-clustering leads to a reduced traffic adaptation capability compared to the non-clustered scheme, the smaller average cell packet throughputs can be observed compared to the non-clustered scheme. By increasing the load of a cell, both cell-clustered and non-clustered schemes approach to the performance of fixed configuration. It is worth noting that both clustered-cells and non-clustering schemes can have a substantial performance improvement by using IRC/MMSE receivers. 
Table 2 summarizes the achieved gains of the considered schemes in cell average downlink packet throughput with respect to the fixed TDD #1 with MRC receiver.
Observation 1: 
· In downlink, the non-clustered scheme with both MRC and IRC/MMSE receivers can achieve generally better average cell packet throughput performance than the cell-clustering with the same receiver options. 
· In downlink, the average cell downlink packet throughput for both cell-clustering and non-clustered schemes can be substantially enhanced with the IRC/MMSE receiver with respect to MRC receiver. 
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Figure 2.  Cell average downlink packet throughput vs. downlink packet arrival rate: 10 ms, packet size=0.5 
Mbytes.
Table 2. Achieved gains in cell average downlink packet throughput with respect to the fixed TDD #1 with MRC receiver.
	Scheme
	Gain [%]

	
	DL=0.5
	DL=2.5
	DL=5

	fixed # 1 /w IRC
	7
	280
	223

	adapt., no CL w/ MRC
	49
	86
	5

	adapt., no CL w/IRC
	57
	405
	151

	adapt., CL w/ MRC
	38
	43
	14

	adapt., CL w/ IRC
	46
	313
	184


Figure 3 presents the uplink average cell packet throughput vs. uplink arrival rate. In contrast to previous downlink average cell throughput results, it can be observed that the cell-clustering combined with dynamic traffic adaptation and the MRC receiver can achieve slightly better performance with respect to the non-clustered scheme in conjunction with the dynamic traffic adaptation and the MRC receiver. This is due to fact that the non-clustered scheme associated with the MRC receiver is not able to mitigate the downlink-to-uplink cross-link inter-cell-interference. Furthermore, it is observed that both cell-clustering and non-clustered schemes with the IRC/MMSE receiver can achieved nearly the same cell average packet throughput performance. 
Table 3 summarizes the achieved gains of the considered schemes in cell average uplink packet throughput with respect to the fixed TDD #1 with MRC receiver.

Observation 2: 
· In uplink, the cell-clustering with the MRC receiver provides slightly better cell average packet throughput performance compared to the non-clustered scheme with the MRC receiver.
· In uplink, both cell-clustering and non-clustered schemes with the IRC/MMSE receiver can achieve nearly the same cell average packet throughput performance.
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Figure 3. Uplink cell average packet throughput vs. uplink packet arrival rate: 10 ms, packet size=0.5 Mbytes.
Table 3. Achieved gains in cell average uplink packet throughput with respect to the fixed TDD #1 with MRC receiver.
	Scheme
	Gain [%]

	
	UL=0.25
	UL=1.25
	UL=2.5

	fixed # 1 /w IRC
	0
	17
	20

	adapt., no CL w/ MRC
	37
	-40
	-2

	adapt., no CL w/IRC
	45
	65
	52

	adapt., CL w/ MRC
	37
	-33
	-13

	adapt., CL w/ IRC
	40
	65
	67


Figure 4 shows the 5%-ile downlink packet throughput vs. downlink arrival rate. As can be seen, the non-clustered scheme combined with dynamic traffic adaptation and both receiver options provides substantially higher packet throughput performance with respect to the cell-clustering scheme. Due to uplink transmissions in the non-clustered scheme, the amount of downlink-to-downlink inter-cell-interference can be lower with respect to the cell-clustering scheme. Therefore, a downlink receiver associated with non-clustered scheme can better exploit its degrees of freedom for the reception of desired signal. 
Observation 3: 
· In downlink, the non-clustered scheme with the both MRC and IRC/MMSE receivers can achieve better 5%-ile of packet throughput performance than the cell-clustering with both receiver options.
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Figure 4. 5%-ile of packet throughput in downlink vs. downlink packet arrival rate: 10 ms, packet size=0.5 Mbytes.
Figure 5 shows the 5%-ile user uplink packet throughput vs. uplink arrival rate. As can be seen, the receiver capability to suppress interference has a significant impact to the packet throughput. By using IRC/MMSE receiver with both cell-clustering and non-clustered schemes, the cell-clustering achieves a slightly higher packet throughout with respect to the non-clustered scheme when the loading is increased. For the cell-clustering with sufficient isolation, the IRC/MMSE receiver has to suppress only uplink-to-uplink inter-cell-interference. However, for the non-clustered scheme the receiver has to be able to suppress both downlink-to-uplink cross-link as well as uplink-to-uplink inter-cell-interference components. Thus, a slightly worse performance with respect to the cell-clustered scheme can be observed.
Observation 4: 
· In uplink, the clustered scheme with the IRC/MMSE receiver can achieve a slightly better 5%-ile of packet throughput performance with respect to the non-clustered scheme with the IRC/MMSE receiver when the loading is increased.  
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Figure 5. 5%-ile of packet throughput in uplink vs. uplink packet arrival rate: 10 ms, packet size=0.5 Mbytes.
4
Conclusions
In this contribution, the numerical results of a system-level performance comparison between cell-clustering and non-clustered schemes with the MRC and the IRC/MMSE receivers have been shown.

By leveraging linear interference suppression receivers, e.g. IRC/MMSE, in conjunction with dynamic UL/DL TDD configuration, the performance of both cell-clustering and non-clustered schemes can be substantially enhanced. The numerical results demonstrate that the non-clustered scheme combined with a IRC/MMSE receiver provides an attractive approach for the Rel-12 eIMTA framework.  
Observation 1: 
· In downlink, the non-clustered scheme with both MRC and IRC/MMSE receivers can achieve generally better average cell packet throughput performance than the cell-clustering with the same receiver options. 
· In downlink, the average cell downlink packet throughput for both cell-clustering and non-clustered schemes can be substantially enhanced with the IRC/MMSE receiver with respect to MRC receiver. 

Observation 2: 
· In uplink, the cell-clustering with the MRC receiver provides slightly better cell average packet throughput performance compared to the non-clustered scheme with the MRC receiver.

· In uplink, both cell-clustering and non-clustered schemes with the IRC/MMSE receiver can achieve nearly the same cell average packet throughput performance.

Observation 3: 
· In downlink, the non-clustered scheme with the both MRC and IRC/MMSE receivers can achieve better  5%-ile of packet throughput performance than the cell-clustering with both receiver options.
Observation 4: 
· In uplink, the clustered scheme with the IRC/MMSE receiver can achieve a slightly better 5%-ile of packet throughput performance with respect to the non-clustered scheme with the IRC/MMSE receiver when the loading is increased.  
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Appendix A: Simulation Parameters

	Simulation Scenario
	outdoor Pico-outdoor Pico cells        

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m                                                                                           [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout
[36.942]. 
Note that macro cells are deployed but not activated                               

	Outdoor Pico deployment
	40m radius, random deployment
[36.814]

	Number of Pico cells per sector
	4

	Minimum distance 
between outdoor Pico cells 
	40m
[36.814]

	Minimum distance between outdoor Pico and Macro
	150m, angle from antenna boresight ±15º  

	Outdoor Pico antenna pattern
	2D, Omni-directional
[36.814]

	Outdoor Pico antenna gain
	5 dBi
[36.814]

	UE antenna gain
	0 dBi
[36.942]

	Outdoor Pico noise figure
	13 dB
[36.104]

	UE noise figure
	9 dB
[36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW)
[36.814]

	 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 = 1

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5
[36.814]

	Pathloss model
	 

	Outdoor Pico to outdoor Pico 
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) [ free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]
NLOS: PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probobility of Relay-UE case1]

	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)) [36.814: table A.2.1.1.2-3 Pico-UE]

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]



Appendix B: Simulation Assumptions

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	BS receiver 
	MRC,IRC

	UE receiver
	MRC,IRC

	Adaptation method of UL-DL reconfiguration
	10ms interval, based on instantaneous load

	Link adaptation
	MCS selection with 10% BLER, ideal LA, no OLLA


	Channel estimation
	Ideal

	Outdoor Pico DL power control
	Not modeled

	UE UL Power control
	open-loop : alpha = 0.8, Po= -76dBm

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	Not modeled

	CP length
	normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is either not modeled or model according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). Details to be provided by each company

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS
[ ITU-R M.2135 UMi]


Appendix C: Linear IRC/MMSE Receiver for DL

In the following, the key mathematical expressions of IRC based receivers are briefly summarized: For notational simplicity, physical resource block index is omitted for the rest of the contribution. It is assumed that each BS and UE is equipped with NR and [image: image7.png]


 receive antennae, respectively. Furthermore, it is assumed that a single antenna for transmission is used for both DL and UL. For DL transmission, the coefficients of a IRC/MMSE receiver, wnk[image: image9.png]™z,



 for the kth users associated with the nth cell can be calculated as 
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where Σnk ∈ [image: image12.png]CVe*Nz



 is the estimate of interference covariance matrix, the channel path gain hnk ∈ [image: image14.png]


 includes both small and large scale fading components for the link between kth users and the nth BS and the scalar pnk is DL transmission power allocation for kth users associated with the nth cell. Here, the coefficients of a receiver filter for each RB are normalized to unity, accordingly, wnk =[image: image15.png]


. It is worth noting that the estimation of channel and interference covariance matrix are not within the scope of this contribution and not discussed in here.

The DL SINR at the output of a linear receiver of the kth user associated with the nth cell without cell-clustering is given by 
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Where [image: image18.png]


 ∈ [image: image20.png]


 is the channel path gain containing both small and large scale fading components for the link between the kth UE of the nth cell and the lth UE associated with the mth cell. The scalar [image: image22.png]


is UL transmission power allocation for lth users associated with the mth cell.  The scalar N0 is noise power. 
Appendix D: Linear IRC/MMSE Receiver for UL

Similarly, as for DL, for uplink receiver, the coefficients of linear IRC/MMSE receiver,[image: image24.png]
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, can be computed for the kth users associated with the nth cell as 
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where[image: image29.png]
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 represents the estimate of interference covariance matrix, the channel path gain   [image: image33.png]


 ∈ [image: image35.png]


 consisting of both small and large scale fading components for the link between kth users and the nth BS. Here, the coefficients of a receiver filter for each RB are normalized to unity, accordingly, [image: image37.png]
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. It is worth noting that the estimation of channel and interference covariance matrix are out of scope of this contribution and not discussed in here. 

The UL SINR at the output of a linear receiver of the kth user associated with the nth cell without cell-clustering can be expressed as 
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where hnk,mxlink [image: image41.png]


defines the channel path gain containing both small and large scale fading components for the link between the kth UE of the nth cell and the mth cell, the sets  [image: image43.png]


 and [image: image45.png]


  define cells having UL and DL transmissions, respectively. The set Um defines UEs associated with the mth cell and N 0 is noise. 

Appendix E: SINR Expressions for Isolated Cell-Clustering

In this section, SINR expressions at the output of a linear receiver are provided for cell-clustering. The DL SINR at the output of linear receiver for the kth associated with nth within the cth cell can be expressed as 
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where Cj defines the set for the jth cluster of which cells having DL transmission. Note that if clusters are non-isolated, inter-cluster interference components appear in the denominator of above equation. 

The UL SINR at the output of linear receiver for the kth associated with the nth within the jth cluster can be expressed as 
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where Cj determines the set for the jth cluster of which cells having UL transmission. It is worth noting that clusters being non-isolated inter-cluster interference components show up in the denominator of above equation. 
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