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Discussion and decision
1. Introduction
Rel-12 Work item, Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (LTE_TDD_eIMTA), has been approved in RAN#58 meeting [1]. 
During the phase of study item phase, dynamic TDD UL-DL reconfiguration based on traffic adaptation in small cells has revealed significant performance benefits by dynamically selecting the most appropriate TDD UL-DL configuration to match the traffic fluctuation in uplink and downlink.

Therefore, in the work item phase, the objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the deployment scenarios for TDD UL-DL reconfigurations

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s)
· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s)
· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item.
Regarding the deployment scenarios, the agreement was reached in RAN1#72 meeting [2]:

· At least the multi-cell scenarios that show feasibility during study item phase should be supported in Rel-12 LTE TDD eIMTA work item, as the following

· Scenario 1: Multiple Femto cells deployed on the same carrier frequency

· Scenario 2: Multiple Femto 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 Femto cells can adjust UL-DL configuration

· 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

· Take scenarios 3-4 with the first priority for further evaluation and design

· FFS if other scenarios shall be considered in this work item, e.g. multiple operators deploying small cells with eIMTA operations on adjacent channels, co-channel macro-pico case (scenario 6 as in TR)

In this contribution, we focus on the supported time scales for dynamic TDD UL/DL reconfiguration and the performance evaluation in Scenario 3 and Scenario 4 on possible switching time scales are provided based on the agreed simulation assumption in study item phase [3]. 

2. Simulation assumptions 
In Scenario 3, multiple outdoor Picos are deployed on the same carrier and the resulting co-channel interference especially UL-DL interference from neighboring Pico cells exist. According to the simulation assumptions agreed in [2], some methodologies or parameters can be determined by each company. So these details in the following, including traffic modelling, adaptation method of UL-DL reconfiguration, DL/UL power control, HARQ modelling and scheduler are presented in this section.
· Traffic modeling

In simulation for Scenario 3, the traffic for each Pico cell is independently generated and all the cells have the same traffic arrival ratio. The traffic arrival ratio between DL and UL in the performance evaluation is 2:1 and 1:1. The adopted DL lamda for traffic generation is 0.5, 1.5 and 2.5.
· UL-DL reconfiguration method

Regarding the TDD uplink-downlink reconfiguration scheme, dynamic reconfiguration is switched every 10ms, 40ms and 200ms in the simulation. In detail, when reconfiguration period reached, , eNB shall select the TDD UL/DL configuration 
· that has the DL/UL ratio (including special subframe) nearest to the DL/UL buffer ratio
· in the case of empty DL data buffer, TDD configuration #0, which includes the least number of DL subframes, is selected as the TDD configuration for power saving.
· DL/UL power control

Fractional open-loop UL power control without closed-loop TPC is applied for uplink. 

No downlink power control for Macro eNB or Pico eNB is applied.

· Scheduler

FIFO (first-in-first-out) scheduler is used for Pico cell scheduling in both dynamic TDD UL/DL reconfiguration and fixed TDD UL/DL configuration for easy comparison. 

In each cell, full system bandwidth is assigned to a packet. The remaining PRBs, if any, are assigned to the next packet. 

· HARQ modeling

Ideal HARQ modeling, i.e. the first available subframe after 8ms is used for retransmission. 

Chase combining is used for retransmission combining.

· UL-DL interference mitigation

No interference mitigation scheme is used in this evaluation.

· eNB antenna configuration

{1Tx, 2Rx} is assumed for Pico/Macro antenna configuration.

· Fast fading

No fast fading is modeled for any link.

· Reference TDD UL-DL configuration

TDD UL/DL configuration of Pico cell is dynamically changed to match the traffic fluctuation in uplink and downlink. Compared to the fixed TDD UL/DL configuration, the reference configuration is used for Pico with different downlink-uplink traffic arrival ratios. The detailed reference configurations are listed below:

•
TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1, 1/1}
· Simulation cases

Case 1: All Pico cells use the same TDD UL-DL configurations

Case 2: Apply adaptive TDD UL-DL configuration in Pico cells with 10ms switching scale
Case 3: Apply adaptive TDD UL-DL configuration in Pico cells with 40ms switching scale

Case 4: Apply adaptive TDD UL-DL configuration in Pico cells with 200ms switching scale

The detailed simulation assumptions and parameters in our evaluation are listed in Annex.

3. Performance metrics
Regarding the performance metrics, the downlink and uplink metrics are collected separately. Since FTP is adopted as the traffic model, packet throughput is an important metric for evaluation. In this evaluation, packet throughput is defined as the packet size over the packet transmission time, including the packet waiting time in the buffer. The detailed performance metrics used in the system level simulation are as given below: 

· Cell average packet throughput

Where,

· Cell average packet throughput

· defined as the mean of average packet throughput from all UEs

4. Simulation results

System level simulation results are provided in Figure 1 and Figure 2 with different time scales for reconfiguration. File size of 0.5Mbyte is evaluated. In each figure, we compare the throughput gain in uplink or downlink between fixed TDD UL/DL configuration and dynamic TDD UL/DL configuration with several time scales. For Fixed TDD UL/DL configuration, all Pico cells use TDD UL/DL configuration 1 as reference. For dynamic TDD UL/DL configuration, each Pico cell applies adaptive TDD UL/DL configuration within the set of 7 TDD UL/DL configurations specified since Rel-8 according to its own traffic variation in UL and DL. The throughputs of UL and DL are collected separately. The detailed simulation assumptions and parameters are listed in Annex.
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  Figure 1: Cell performance gain between dynamic TDD reconfiguration and reference TDD Conf#1 (0.5Mbyte file size, DL:UL=2:1)
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Figure 2: Cell performance gain between dynamic TDD reconfiguration and reference TDD Conf#1 (0.5Mbyte file size, DL:UL=1:1)
According to the simulation results, we have the following observations:

· Generally, better performance is observed with shorter time scale. 

· With the increase of traffic arrival rate, performance with different reconfiguration time scales converges.

· TDD reconfiguration with time scale of 40ms provides similar DL and UL performance with 10ms. 
· TDD reconfiguration with time scale of 200ms provides similar UL performance with 10ms and 40ms but has significant loss in DL.
5. Conclusion

In this contribution, we provided the evaluation results for dynamic TDD UL/DL reconfiguration with possible switching time scales when dynamic TDD UL-DL reconfiguration is applied for UL-DL traffic adaptation. In general, faster switching scale can match better the instantaneous traffic fluctuation between downlink and uplink. 
According to the simulation results, we have the following observations:

· Generally, better performance is observed with shorter time scale. 

· With the increase of traffic arrival rate, performance with different reconfiguration time scales converges.

· TDD reconfiguration with time scale of 40ms provides similar DL and UL performance with 10ms. 
· TDD reconfiguration with time scale of 200ms provides similar UL performance with 10ms and 40ms but has significant loss in DL.
Based on the above observations and also considering the need of cell coordination for interference mitigation [4], we have the following proposals:

· At least below a few tens of ms, e.g, below 40ms, is proposed as the possible time scale for dynamic TDD UL/DL reconfiguration.
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Annex:
The system simulation parameters proposed for LTE_TDD_eIMTA evaluation in multi-cell scenario are summarized in Table A-1 and Table A-2.

Table A-1: System simulation parameters
	Parameter
	Values used for evaluation

	Scenarios
	Co-channel outdoor Pico-outdoor Pico cells        

	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                               

	Evaluation metrics
	DL and UL metrics collected separately
Cell average packet throughput

	Time scale for reconfiguration
	Infinity, i.e. no reconfiguration
Reconfiguration every 10ms, 40ms, 200ms

	Reference TDD configuration
	TDD UL-DL configuration 1  -- for ratio of DL and UL arrival rate = {1/1, 2/1}

	HARQ modelling
	Ideal HARQ modelling, i.e. the first available subframe after 8ms is used for retransmission. 

	HARQ retransmission
	Chase combining

	Antenna configuration
	Pico: 1 Tx, 2 Rx  UE: 1 Tx, 2Rx

	Supported modulation 
	QPSK, 16QAM and 64QAM in UL & DL

	Adaptation method of DL/UL configuration 
	Select TDD UL/DL configuration according to UL/DL traffic ratio

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8

	Small scaling fading channel
	Not modelled

	Special subframe configuration
	Configuration#8 (DwPTS:GP:UpPTS=11:1:2)

	Packet scheduling
	FIFO

	Control channel and reference signal overhead
	DL:
• Overhead for CRS according to 36.211;
• Overhead for PDCCH: 2 OFDM symbols;
UL:
• Overhead for SRS: 1 symbol per 10ms;
• Overhead for PUCCH: 2 PRBs;
• Overhead for UL DM RS: 2 symbols per subframe.   

	DL CSI feedback
	CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe
Error free feedback

	SRS reporting
	UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe


Table A-2: simulation parameters for outdoor Pico

	Parameter
	Values used for evaluation

	Pico deployment
	Random deployment with a radius of 40 m

	Number of Pico cells per sector
	4

	Minimum distance between outdoor Pico cells
	40m

	Pico antenna gain
	5 dBi

	Pico antenna pattern


	2D, Omni-directional

	Pico noise figure
	13 dB

	Maximum Pico Tx power
	24dBm

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	UE power class
	23 dBm (200 mW)

	Minimum distance 
between UE and Pico
	10 m

	Number of UEs per Pico cell
	10

	Shadowing standard deviation between outdoor Pico cells
	6dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS

	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]


