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1. Introduction
At the RAN1#68bis meeting, the Macro-Pico co-channel scenario was proposed for evaluation in the framework of the LTE-TDD eIMTA SI [1] to check whether the benefits from the dynamic adjustment of UL-DL configuration in Pico cell nodes can be achieved. In this contribution we analyze the LTE TDD Macro-Pico co-channel scenario from several aspects including interference environment, technical challenges in terms of traffic adaptation and also provide the evaluation results following the assumptions agreed in [2].

2. Interference Environment in Macro-Pico Co-Channel Scenario
In Macro-Pico co-channel scenario it is assumed that Macro cells operate synchronously and use the same TDD UL-DL configuration. At the same time low power Pico cell may apply the dynamic adjustment of UL-DL configurations to fit instantaneous traffic conditions and this leads to complicated interference environment. The following main challenges can be emphasized:

1) Impact of Macro DL inter-cell interference on Pico UL. The strong level of inter-cell DL interference from Macro cells makes problematic efficient transmissions in UL direction in Pico cells on the subframes which correspond to the DL Macro subframes. This problem restricts potential UL gains from traffic adaptation in Pico cells since the UL-favored configurations cannot be applied (i.e. unless the Pico cell is capable to cancel interference from Macro cell there is no sense to use UL-DL configuration # 0 if Macro cells apply configuration #1).
2) Impact of Pico DL inter-cell interference on Macro UL. The other significant issue is that DL inter-cell interference from Pico cells affects both the Macro UL and Pico UL transmissions due to strong coupling on Macro-Pico and Pico-Pico links. In [3] it was shown that the DL-UL interference problem on Pico-Pico links can be avoided using joint interference management and traffic adaptation (IMTA) mechanisms (e.g. forcing synchronous operation of coupled Pico cells). This approach may be applied to resolve the problem with the impact of DL inter-cell from Pico cells on Macro UL operation .
2.1. UL SINR Analysis

The impact of DL inter-cell interference on UL performance of Pico UEs (PUEs) and Macro UEs (MUEs) was assessed following the RAN4 evaluation methodology. The simulation results for two different cases (see Figure 1) are shown. In the first case it is assumed that all Macro and Pico stations are active i.e. full system loading is assumed. In the second case only one-eighth part of Macro and Pico cells are randomly activated. This case is modeled to illustrate the potential interference environment at low system loadings.
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a) UL SINR of Pico UEs
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a) UL SINR of Macro UEs

	Figure 1. UL SINR analysis for Pico and Macro UEs


Observation 1: Macro and Pico cells have strong coupling on Macro-Pico links. The strong DL inter-cell interference from Macro and Pico stations results in significant UL performance degradation of Pico and Macro UEs, respectively.
2.2. Interference Management and Traffic Adaptation (IMTA) Approaches

As it was shown in the previous section the DL-UL interference problem in Macro-Pico co-channel scenario is quite significant and prevents using dynamic UL-DL adjustment at Pico cells. The following approaches can be potentially considered to reduce the UL-DL interference problem.

2.2.1 Reduced UL-DL Adaptation Set

When Macro cells operate in DL the UL SINR of Pico UEs is negative even when there is low system loading. It means that there is no sense to use UL transmission direction when Macro stations transmit DL signals. To avoid these transmissions the reduced set of UL-DL configurations can be applied at Pico cells. For instance, if Macro cells use reference UL-DL configuration #1 the Pico cells can be allowed to use UL-DL configurations # 1, 2, 4, 5 (see Figure 2). The reduced adaptation set will solve the DL-UL interference problem for UL SINR of Pico UEs. However, the UL traffic adaptation capabilities at Pico stations will be significantly reduced and it is unlikely to see performance gains in UL against reference UL-DL configuration #1, because DL and UL traffic will always compete with each other.
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Figure 2. UL-DL adaptation set for Pico stations.
Even if the problem with the impact of Macro DL inter-cell interference on UL Pico reception is avoided with the help of reduced UL-DL adaptation set the impact of DL inter-cell interference from Pico cells on Macro UL performance is still has to be addressed. 
2.2.2 Isolated Cell Clustering
The IMTA isolated cell clustering method described in [3] can be potentially generalized for the case of Macro-Pico co-channel deployment to address the problem of DL inter-cell interference from Pico cells on UL transmissions of Macro UEs. According to this method the path-gains of Pico-Macro links can be measured and used to form clusters that consist from Macro and/or Pico cells. In this case Pico cells that have strong coupling with Macro should use the same UL-DL configurations as Macro cells and the remaining Pico cells can be considered as isolated cells or form isolated clusters from Pico cells. The drawback of this approach is that it substantially limits the traffic adaptation capabilities of Pico cells because to avoid degradation of UL performance for Macro UEs the majority of Pico cells should operate synchronously with Macro cells (see Figure 3 and Figure 4).
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MUE: Macro 100% UL, Pico 50% DL+50% UL, no Grouping

MUE: Macro 100% UL, Pico 50% DL+50% UL, XMP = -66, XPP = -90
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MUE: Macro 100% UL, Pico 50% DL+50% UL, Synchronous operation
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	Figure 3. MUE UL SINR for different 
Macro-Pico pathgain thresholds
	Figure 4. Percentage of Pico cells that 
operate synchronously with Macro


Observation 2: To achieve the same Macro UEs UL SINR performance as in synchronous TDD systems all Pico cells should operate synchronously with Macro cells.
2.2.3 Reduced Pico Transmission Power on DL Flexible Subframes

The alternative approach to avoid negative impact from DL inter-cell interference from Pico stations on UL performance of Macro UEs is to reduce the transmission power on flexible subframes of Pico stations (i.e. subframes that may change transmission directions from one UL-DL configuration to another). However, this approach is not attractive because of several reasons:

· Reduction of Pico cell DL coverage area;

· It does not solve the issue of Macro DL inter-cell interference on UL Pico UEs and thus the traffic adaptation capabilities at Pico stations are still quite limited;

· The level of DL transmit power reduction should be coordinated between Pico and Macro cells and will depend on the distance between the Pico cell and its own Macro cell and also neighboring Macro cells;

· The reduced DL transmit power at Pico cells will add additional degree of complexity to UE implementation.

3. Evaluation of Macro-Pico Co-Channel Scenario

In this section we provide system level evaluation results for Macro-Pico co-channel scenario following the simulation assumptions agreed in [2]. The system level analysis presented in this section assumes that Pico cells use the reduced set of UL-DL configurations in order to avoid UL transmission in Macro DL subframes. When Macro cell is configured to use UL-DL configuration #1 only UL-DL configurations # 1, 2, 4, 5 are available for traffic adaptation at Pico cells. In addition to this method the isolated cell clustering method [3] is used to avoid the negative impact of DL-UL interference on UL transmissions of Pico UEs. The fast adaptation mode with 10ms adaptation time scale is considered. Below we illustrate the cell average DL and UL packet throughput for all UEs (Figure 5 REF _Ref324451089 \h 
 \* MERGEFORMAT ) and packet throughputs separately collected for Macro and Pico UEs (Figure 6 REF _Ref324451091 \h 
 \* MERGEFORMAT ).
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	Figure 5. DL & UL cell average packet throughput
(Isolated cell clustering and reduced set of UL-DL configurations at Pico stations)
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	Figure 6. DL & UL cell average packet throughput for Macro and Pico cell UEs 
(Isolated cell clustering and reduced set of UL-DL configurations at Pico stations)


The following observations can be made from the analysis of the system level simulation results.
Observations 3:
· The dynamic adaptation of UL-DL configurations at Pico cells together with using the isolated cell clustering approach in combination with the restricted UL-DL adaptation set leads to

· Improvement of DL packet throughput performance of Pico UEs at the cost of degradation of Pico UEs UL packet throughput.
· Degradation of UL packet throughput performance for both Macro and Pico UEs comparing to the reference case. The Macro UEs degradation is caused by the strong impact of the DL inter-cell interference from Pico cells. The reason for Pico UEs performance loss is that the UL-favored configurations are never used due to restricted set of UL-DL configurations.
4. Conclusion
In this contribution we have provided analysis of dynamic UL-DL adaptation in Macro-Pico co-channel deployment scenario. We have shown that DL-UL interference problem in Macro-Pico co-channel scenario is very severe due strong coupling of Macro and Pico cells. The DL inter-cell interference from Macro cells prevents UL reception at Pico cells and vice versa the DL inter-cell interference from Pico cells degrades the UL packet throughput performance of Macro UEs. The usage of reduced UL-DL adaptation set in combination with interference management on Pico links is not sufficient to demonstrate gain from dynamic UL-DL reconfiguration and also leads to uplink performance degradation of Macro UEs. To extract potential benefits from dynamic UL-DL reconfigurations in considered scenario the Macro UE offloading mechanisms can be potentially used. The further study is recommended for evaluation of different IMTA approaches.
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Appendix – Simulation assumptions 

In this section we provide simulation assumptions that were agreed by RAN1 WG in [2] and also specify parameters that were left for companies’ selection (for more details see Table 1).
Table 1: Simulation Parameters for Outdoor Pico – Outdoor Pico Scenario Evaluation
	Parameters
	Agreement

	Simulation Scenario
	Multi-pico cells with macros activated
macro and pico cells either deployed on the same frequency or 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 (only applicable to macro and pico on adjacent channels)

	ACIR BS-UE
	33dB (only applicable to macro and pico on adjacent channels)

	ACIR UE-BS
	30dB (only applicable to macro and pico on adjacent channels)

	ACIR UE-UE
	28dB (only applicable to macro and pico on adjacent channels)

	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

· UE average packet throughput

· defined as the average of packet throughput for the UE-{5%, 50%, 95%} UE average packet throughput 
· from the CDF of average packet throughput from all UEs

· Cell average packet throughput

· defined as the mean of average packet throughput from all UEs
· Energy consumption
· From eNB perspective, defined as the average number of downlink subframes used for downlink transmission per one second

· From UE perspective, defined as the average number of uplink subframes used for uplink transmission per one second.
· Other metrics (including the definition) to be selectively provided by companies including but not limited to 

· -Packet drop statistics 

· -Packet delay statistics 

· -Frequency resource (PRBs) utilizations 

· -Time resource (subframes) utilizations

	Time scale for reconfiguration
	Focus on 10ms and 640ms time scale, with 200ms optional

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

	Scheduler
	MLWDF

	Pico antenna configuration
	Set 1: 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
	Not modeled

	UE UL Power control
	Open Loop Power Control: P0: Macro -82dBm; Pico -73dBm;α = 0.8. 

	Set of TDD UL-DL configurations
	Standard or reduced set

	Small scaling fading channel
	For set 1:
Pico-UE/UE-Pico: ITU; 
Macro-UE/UE-Macro:  ITU;
UE-UE:  TU or not modeled;
Pico-Pico: not modeled.
Macro-Macro: not modeled
Macro-Pico/Pico-Macro: not modeled
For set 2:
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
	Same traffic generation methodology and arriving rate as agreed in isolated cell case [R1-120080], independent traffic generation per cell.  Same arriving rate for all the cells

	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, 4/1} 
Macro Cell TDD UL-DL configurations are fixed as TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = { 2/1, 4/1} 
Other traffic ratios and reference configurations are optional 

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

	HARQ retransmission scheme
	CC

	Simulation cases
	Case 1. All pico cells have the same UL-DL configurations
Case 2. Applying adaptive UL-DL configuration in pico cells without any interference mitigation schemes.
Case 3. Applying adaptive UL-DL configuration in pico cells with interference mitigation schemes. Companies shall provide the details on the interference mitigation schemes. 

	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
	Not modeled
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