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1 Introduction

At the RAN1#72 meeting, the prioritized set of deployment scenarios [1] to be used for Rel-12 LTE TDD eIMTA work item [2] was agreed. The following two scenarios were prioritized for further system design and evaluation [1]:

· Scenario 3: Multiple outdoor Pico cells deployed on the same carrier frequency.
· Scenario 4: Multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration.
In this contribution, we provide performance analysis and discuss DL-UL interference mitigation schemes that can be used in Scenario #4.
2 DL-UL Interference in Macro-Pico Adjacent Channel Scenario

The interference analysis conducted during the study item [3] phase by the RAN4 WG has shown that the main DL-UL interference issues in Macro-Pico adjacent channel scenario are observed at the base station side. In addition to the challenges of Pico-Pico co-channel scenario analyzed in [4], [5] the following negative impact on system performance can be highlighted [1], [6]:
· The UL SINR performance of Pico UEs is sensitive to the transmission direction of Macro cells and degrades if Macro cell operates in DL.
· The UL SINR performance of Macro UEs is also affected by the DL transmission direction of Pico cells, although the degradation of UL SINR performance of Macro UEs is less noticeable.
The degradation of UL SINR of Macro and Pico UEs under full system loading assumption [1] is illustrated in Figure 1 that confirms observations above.
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	Figure 1. Adjacent channel Macro - Outdoor Pico Scenario. UL Geometry SINR Analysis


3  DL-UL Interference Mitigation Schemes in Macro-Pico Adjacent Channel Scenario
In the Macro-Pico adjacent channel scenario the DL-UL interference problem at Pico layer can be resolved by inter-cell coordination and cell-clustering techniques described in [4], [5] for the Pico-Pico co-channel scenario. The additional DL-UL interference challenges in the Macro-Pico adjacent channel scenario can be addressed using the following approaches:
· DL and/or UL power control at Pico cells. The impact of Macro-cell DL inter-cell interference on Pico UL transmissions may be reduced if mobile terminals attached to Pico cells increase the UL transmission power to overcome adjacent channel DL inter-cell interference from Macro cells. In addition, Pico cells may reduce DL transmission power at the subframes where Macro cell’s UEs operate in UL. The usage of these techniques can increase adaptation capabilities at Pico cells and minimize impact on Macro cell UEs simultaneously.
· Offload of Macro UEs to Pico cells. In the Macro-Pico adjacent channel scenario, the traffic from Macro cells can be offloaded to Pico cells. The system level analysis of Scenario #4 has shown that about ~75% of UEs are associated to Macro cells and only ~25% of UEs are attached to Pico cells (assuming the maximum received power criterion). In order to balance traffic load among Macro and Pico cells the other user association criteria can be applied. For instance, the increased adjacent channel association bias (similar to cell range expansion in co-channel case) may be applied at Pico cells (e.g. up to 20 dB or even higher), since there is no such strong interference from Macro cells as in co-channel scenario. Note, that offloading improves performance of the migrated Macro UEs since the inter-cell interference environment at the Pico cell layer is much better comparing to the Macro cell layer. In addition, the loading of Macro cells is reduced and thus improved packet throughput performance can be expected.

· The blanking of Macro cell flexible DL subframes or DL flexible subframes with reduced power can be considered as an additional option. However the blanking inevitably reduces the packet throughput performance of Macro UEs.
· Cell clustering of Macro and Pico cells can be considered in addition to cell clustering at Pico cell layer. In this case, the Macro and Pico cells may be combined into coupled cell clusters. This approach is likely to reduce traffic adaptation capabilities of Pico cells and has following specific. The level of adjacent channel DL interference injected from Macro cell to Pico cell is higher comparing to the interference level injected by Pico cells to Macro cells due to different maximum transmission powers and ACIR ratios. In other words the coupling between Macro and Pico layers is not symmetrical which is different from the Pico-Pico co-channel scenario. In this case, different approaches can be applied for traffic adaptation. For instance, Pico cells may be restricted from the UL transmissions at the DL subframes of Macro cells, however may still continue to use UL subframes of Macro cells for DL transmissions.
4 Performance Analysis of DL and UL Packet Throughput
In this section, we provide performance analysis of the DL and UL packet throughput for the Macro-Pico adjacent channel scenario. We assume that Macro cells use UL-DL configuration #1 and Pico cells dynamically adjust amount of DL and UL subframes in each frame. For traffic modeling, we deviate from the original assumptions defined in LTE TDD eIMTA WI, since the amount of traffic generated per cell does not depends on the amount of users attached to each cells, as reported in [9]. Instead, we follow the traffic modeling assumptions defined in [7]-[8] and assume that DL packet arrival rate is two times higher than UL packet arrival rate (λDL/λUL = 2). In addition, the average aggregated DL packet arrival rate per Macro cell area is equal to 5. For load balancing among Macro and Pico cells, we apply 15 dB adjacent channel association bias (adjacent channel cell range expansion) at Pico cells. For co-channel DL-UL interference mitigation the cell clustering approach with inter-cell coordination is applied at the Pico cell layer. The pathgain threshold for cell clustering is -90 dB. In addition, we study two additional simulation scenarios where we try to minimize DL-UL interference problem among Macro and Pico layers. In the first scenario, we assume that Pico cells increase UL transmission power at the subframes #4 and 9 by incrementing open loop power control parameter P0 by 10 dB. The main motivation for the increased UL transmission power at subframes #4, 9 is to overcome adjacent channel DL inter-cell interference at those subframes. In the second scenario, we assume that Pico cells additionally reduce DL transmission power by 10 dBm at subframes #3, 7, 8, where Macro cells operate in UL. The Pico cell power reduction at flexible subframes #3, 7, 8 decreases the adjacent channel interference injected into uplink subframes used by Macro cells. The results of system level analysis for the DL and UL packet throughput of Macro and Pico UEs are shown in Figure 2.
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Reference UL-DL #1

CC -90 dB

CC -90 dB, ULPC, P0 + 10 dBm (SF# 4, 9)

CC -90 dB, ULPC, P0 + 10 dBm (SF# 4, 9), DLPC - 10 dBm (SF# 3, 7, 8)


a) DL packet throughput of Macro UEs
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Reference UL-DL #1

CC -90 dB

CC -90 dB, ULPC, P0 + 10 dBm (SF# 4, 9)

CC -90 dB, ULPC, P0 + 10 dBm (SF# 4, 9), DLPC - 10 dBm (SF# 3, 7, 8)


b) UL packet throughput of Macro UEs
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Reference UL-DL #1
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c) DL packet throughput of Pico UEs
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Reference UL-DL #1

CC -90 dB 
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d) UL packet throughput of Pico UEs

	Figure 2. DL and UL Packet Throughput


Based on the analysis of the system level simulation results presented in Figure 2 we draw the following observations:
Observations

· The DL adjacent channel interference from Macro and Pico cells adversely affects UL packet throughput performance of Pico and Macro users respectively.

· The increased UL transmission power of Pico users allows utilization of subframes #4, 9 (highly interfered by the DL adjacent channel interference from Macro cells) for UL transmission at the Pico cells, and, thus, improves UL packet throughput performance of Pico users without affecting the DL and/or UL transmissions in other cells.
· The reduced DL transmission power of Pico eNodeBs in subframes #3, 7, 8 allows a substantial reduction of the UL packet throughput performance degradation of Macro terminals by preserving full adaptation flexibility and performance at the Pico cells.

· The combination of UL and DL power control at the Pico cell layer can be used to address the problem of adjacent channel DL-UL interference.

· Cell-clustering and inter-cell coordination at the Pico cell layer effectively resolves the DL-UL interference problem at the Pico cell layer.

5 Conclusions
In this contribution, we have provided our views on DL-UL interference mitigation schemes that can be applied in Macro-Pico adjacent channel scenario. For the co-channel DL-UL interference mitigation at the Pico cell layer the cell-clustering based methods with inter-cell coordination can be recommended. In order to handle adjacent channel DL-UL interference several methods can be used. First of all, in the considered Scenario #4, the increased adjacent channel association bias at Pico cells can be applied to reduce traffic loading in Macro cells and increase the number of terminals that can enjoy benefits of the dynamic UL-DL reconfiguration. In addition, the increased UL transmission power may be considered to overcome negative impact of DL adjacent channel interference from Macro cells. Beside that it is also beneficial if Pico cells reduce DL transmission power at flexible subframes used for UL transmissions in Macro cells.
Proposal 1:
Continue analysis of the DL-UL interference mitigation techniques in Scenario #4 with the revised traffic modeling assumptions.

Proposal 2:

Apply user offloading (from Macro to Pico cells) by using additional adjacent channel association bias at Pico cells.

Proposal 3:
Further study power control based solutions to reduce impact from Macro and Pico DL adjacent channel interference.

Proposal 4:
Support cell-clustering and inter-cell coordination based schemes as DL-UL interference mitigation schemes at the Pico cell layer.
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Appendix – System Level Simulation Assumptions

Table 1. System level simulation assumptions for Macro-Pico adjacent channel scenario.
	Parameters
	Agreement

	Simulation Scenario
	Multi-pico cells with macros activated
macro and pico cells either deployed on adjacent frequencies

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500m [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout, [36.942]. 

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

	Number of Pico cells per sector
	4

	Min. distance between outdoor Pico cells 
	40m, [36.814]

	Min. distance between Pico and Macro
	75m

	Min. distance between UE and outdoor Pico
	10m [36.814]

	Minimum distance between UE and Macro
	35m [36.814]

	Macro antenna gain
	15 dBi [36.942]

	Macro antenna pattern
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θ3dB = 65 degrees, Am = 20 dB (65 degree horizontal beamwidth) [horizontal 2D 36.942]


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

	Outdoor Pico antenna gain
	5 dBi [36.814]

	UE antenna gain
	0 dBi [36.942]

	Macro noise figure
	5 dB [36.104]


	Outdoor Pico noise figure
	13 dB [36.104]

	UE noise figure
	9 dB [36.814]

	Macro max transmission power
	46 dBm [36.942]

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

	Macro DL power control
	Not modeled, i.e. assuming max macro Tx power 

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

	 Number of UEs per Macro cell  
	Non-uniform 60UE/macro cell [Configuration 4b in 36.814]
(i.e. 20 Macro UEs randomly and uniformly dropped per Macro cell)

	 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 [36.814]

	Shadowing standard deviation between  outdoor Pico and Macro
	6dB [36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5 [36.814]

	Shadowing correlation between outdoor Pico and Macro
	0.5 [36.814]

	Shadowing correlation between Macro cells
	A shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used [36.942]

	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 probability 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]

	Macro to UE
	PLLOS(R) = 103.4+24.2log10(R)
PLNLOS(R) = 131.1+42.8log10(R) 
For 2GHz, R in km.
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) [36.814: table A2.1.1.5-2 ]

	Macro to outdoor Pico
	PLLOS(R) = 100.7+23.5log10(R)
PLNLOS(R) = 125.2+36.3log10(R)
For 2GHz, R in km.
Case1: Prob(R) = min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072) [36.814 table A.2.1.1.2-3 reuse the model of Macro-Relay]

	ACIR BS-BS
	43dB

	ACIR BS-UE
	33dB

	ACIR UE-BS
	30dB

	ACIR UE-UE
	28dB

	Statistics for calibration
	

	Evaluation metrics
	DL and UL metrics collected separately. Results provided jointly and separately for Macro and picos. Following metrics can be used
· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

	Time scale for reconfiguration
	Focus on 10ms

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

	Scheduler
	FIFO

	Pico antenna configuration
	2Tx, 2Rx (codebook-based SU-MIMO or fixed rank 1 transmission

	UE antenna configuration
	1Tx, 2Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations was used for adaptation. The traffic adaptation algorithm was based on the estimation of the required number of the DL and UL subframes by taking into account the amount of data in DL/UL user queues and UE throughput capabilities.

	Link adaptation
	* MCS selection with 10% BLER
If the highest MCS is selected, the BLER may be less than 10%, which shall be modeled
* DL based on CQI/PMI/RI reports and UL based on SRS measurement

	DL CSI feedback
	DL CSI modeled as following:
-- PUCCH mode 1-1, wideband CQI/PMI reported every 10ms
-- CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe
-- A minimum 5ms CSI feedback delay is modeled 
-- Error free feedback

	
	UL CSI modeled as following
--1 symbol SRS per 10ms (Last UL symbol in subframe#1)
-- UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe
-- A minimum 5 ms CSI delay is modeled 

	Channel estimation
	Ideal 

	Outdoor Pico DL power control
	According to the analyzed interference management scheme

	UE UL Power control
	Open Loop Power Control: P0:
Macro -82 dB; α = 0.8 on all subframes

Pico -76 dBm; α = 0.8 on regular subframes

	Set of TDD UL-DL configurations
	Standard set

	Small scaling fading channel
	Pico-UE/UE-Pico: ITU; 
Macro-UE/UE-Macro:  ITU;
UE-UE: not modeled;
Pico-Pico: not modeled.
Macro-Macro: not modeled
Macro-Pico/Pico-Macro: 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).  Modeled

	Receiver type
	MMSE receiver

	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]

	Traffic model
	FTP Model 3, proposed in [8]

	Reference TDD configuration
	Evaluate at least the following TDD reference configurations for Pico cell
TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1} 
Macro Cell TDD UL-DL configurations are fixed as TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1} 

	HARQ modeling
	HARQ is modeled in combination with RLC Acknowledged Mode. Maximum 4 HARQ retransmissions are used.

	HARQ retransmission scheme
	CC

	Control channel and reference signal overhead
	DL:
• Overhead for CRS according to 36.211;
• Overhead for PDCCH: 2 OFDM symbols;
UL:
• overhead for SRS defined above;
• Overhead for PUCCH: 2 PRBs;
• Overhead for UL DMRS: 2 symbols per subframe.

	Shadow fading for Macro-UE link
	8dB

	Penetration loss
	0 dB (Not modeled)
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