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1 Introduction
In RAN#51, a Rel-11 study item on TDD interference management and traffic adaptation was approved in [1]. RAN1 is tasked to evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation. In this contribution, we propose the evaluation methodologies as well as the simulation assumptions, including: 

· Evaluation scenarios

· Time scale for TDD UL-DL reconfiguration
· Metric 
· Traffic model

· Simulation method

2 Discussion 
2.1 Evaluation scenarios

RAN1 shall perform evaluation on TDD UL-DL reconfiguration based on traffic adaptation for both isolated and multi-cell scenarios, where co-channel interference is not included in the isolated cell scenario and is included in the multi-cell scenario. Isolated cells can exist if the cells on a particular carrier frequency are sufficiently separated, where the co-channel interference may be negligible compared to the thermal noise. It is easier to assess the benefits of TDD UL-DL reconfiguration based on traffic adaptation for isolated cells due to the following reasons:

· The gain in the isolated cell scenario provides an upper bound on the attainable benefits in multi-cell scenario, since it is expected to be more difficult to apply TDD UL-DL reconfiguration based on traffic if co-channel interference exists. It is noted that co-channel interference is much stronger than adjacent channel interference.

· The evaluation on isolated cells does not require multi-cell modeling, which greatly reduces the simulation complexity. 

· Other simplifications on the simulation for isolated cells are possible. Figure 1 shows the UL and DL geometry of isolated cells with the simulation assumptions in Table 2. Without co-channel interference, most of the UEs in the isolated cells have very high UL and DL geometries. This indicates that highest MCS level can be used frequently and HARQ retransmission does not occur often. Such information can be used to simplify the simulation for isolated cells.
· RAN4 has not completed the feasibility study on the multi-cell scenarios where different TDD UL-DL configurations can be applied in different cells. Hence, it is difficult for RAN1 to agree on the exact simulation assumptions for multi-cell scenario.

Given the above considerations, we propose that isolated cells shall be studied first to evaluate the benefits of TDD UL-DL reconfiguration based on traffic. 
Proposal 1: RAN1 shall first evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation for isolated cells.
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Figure 1: UE UL and DL geometry in isolate cell

2.2 Time Scale  for TDD UL-DL reconfiguration
Typically the TDD UL-DL configuration is determined based on the average DL and UL traffic needs. For a conventional Macro cell with plenty of UEs connected to it, it is less motivated to perform TDD UL-DL reconfiguration based on traffic since the collective DL and UL traffic has small fluctuations. In this sense, the scheme where TDD UL-DL configuration is fixed shall be assumed as the reference case, against which the benefits of TDD UL-DL reconfiguration based on traffic shall be evaluated. The fixed TDD UL-DL configuration can be determined depending on the parameters used to model the DL and UL traffic. For example, assuming the ratio of average DL and UL traffic is 4:1, either TDD UL-DL configuration 2 or 4 can be used as the fixed TDD UL-DL configuration.

It is expected that the time scale for TDD UL-DL reconfiguration impacts the performance. Naturally, smaller time scale leads to better performance since it provides more flexibility. It is proposed that RAN1 evaluates TDD UL-DL reconfiguration with time scales of 10ms or 640ms. In other words, the TDD UL-DL configuration may be changed every 10ms or 640ms, respectively. The 10ms time scale represents schemes allowing fast TDD UL-DL reconfiguration, which may require significant redesigns. The 640ms time scale is chosen since the system information (including the TDD UL-DL configuration) can be changed every 640ms per Rel-8 specifications. 
In summary, we propose the following time scales for TDD UL-DL reconfiguration:

Proposal 2: The time scales for TDD UL-DL reconfiguration is {Infinity, 640ms, 10ms}, i.e. fixed TDD UL-DL configuration or adaptive reconfiguration every 640ms or 10ms.  

2.3 Metric 
Assuming the transmission efficiencies (e.g. spectral efficiency) in different DL (or UL) subframes are roughly the same, applying TDD UL-DL reconfiguration may not increase the cell average throughput, especially in heavily loaded systems where the UL and DL cell throughputs are mostly determined by the ratio of UL and DL subframes. Hence, the conventional metric of cell throughput is not a proper metric to evaluate the performance of TDD UL-DL reconfiguration. 

One of the benefits of TDD UL-DL reconfiguration based on traffic adaptation is to utilize the resources more efficiently to transmit the DL or UL packet. For example, a TDD UL-DL configuration with more DL subframes shall be used if there are only DL packets for transmission. Conversely, a TDD UL-DL configuration with more UL subframes shall be used if there are more UL packets for transmission. This would allow the network to complete the transmission of a DL or UL packet as soon as possible. Hence packet delay or packet throughput can be used as the metric, e.g. with the following definitions:
· Packet delay is defined as the time difference between when packet is available for transmission and when the packet transmission is completed. 

· Average packet delay is defined as the average of all packet delays.

· Packet throughput is defined as ratio of the packet size over the packet delay. 
· Average packet throughput is defined as the average of all packet throughputs. 
Energy saving is another advantage of TDD UL-DL reconfiguration based on traffic adaptation. From the perspective of a UE, it may switch to DRX OFF duration if the transmission/reception of a packet is completed as soon as possible. Since DRX is configured by higher layers, it may not be straightforward to define a metric to evaluate the benefit of energy saving directly. On the other hand, the aspect of energy saving is clearly related to the metric of packet delay or packet throughout as defined above. Therefore, we have the following proposal: 
Proposal 3: average packet delay or packet throughput shall be used as the metric to evaluate the benefits of TDD UL-DL reconfiguration based on traffic evaluation. 

2.4 Traffic model

A proper traffic model is needed to assess the benefits of TDD UL-DL reconfiguration based on traffic adaptation. In particular, the packet size and arriving time are more relevant. For small packets or packets with deterministic arriving time e.g. HTTP, VoIP, Video Streaming and Gaming [2], it is expected that TDD UL-DL reconfiguration may not provide meaningful gains, since small packets can be transmitted with a subframe and packets with deterministic arriving time can be accommodated by a fixed TDD UL-DL configuration. Hence, bursty traffics such as FTP are more proper for the purpose of evaluation in this study item. In detail, we propose to use the FTP model as in Table, following [3].

Proposal 4: FTP model in Table 1 shall be used for the evaluation of TDD UL-DL reconfiguration.
Table 1: FTP model

	Parameter
	Statistical Characterization

	File size, S
	2 Mbytes or 0.5 Mbytes

	User arrival rate λ
	Poisson distributed with arrival rate λ, λ relates with system load


2.5 Simulation method

Conventionally, only one transmission direction (i.e. uplink or downlink) is simulated. To evaluate the benefits of TDD UL-DL reconfiguration, it is necessary to include both DL and UL in a single simulator, since the TDD UL-DL reconfiguration shall be based on both the UL and DL traffic load. In detail, we propose the following simulation methodology.
· DL and UL packets are generated independently, with different arriving rates for DL and UL respectively. The arriving rates of DL and UL packets determine the ratio of DL and UL traffic load. It is suggested that the ratio of DL and UL traffic load is set to 4:1.

· For every X ms, e.g. X = 640 or 10, the ratio of the DL and UL packets for transmission is calculated, based on which one of the 7 TDD UL-DL configurations is selected.

· The metric of average packet delay or average packet throughput is evaluated.

Some additional simulation details can be discussed and agreed in order to align the results and reduce the simulation complexity, e.g.

· A FIFO (first-in-first-out) scheduler is assumed. This is needed since packet delay is the evaluation metric.

· Full system bandwidth is assigned for transmission of a packet. This is a reasonable assumption for isolated cells, where the UL and DL geometry implies the highest MCS level can be used for most UEs. Effectively, frequency selective scheduling is not modeled.
· Constant DL and UL spectral efficiencies are assumed, e.g. 3.7bps/s/Hz for DL and 2.1bps/s/Hz for UL. Given the high UL and DL geometries for UEs in isolated cells, the maximum TB size of 36696 with 64QAM is suggested for downlink transmission, and the maximum TB size of 21384 with 16QAM is suggested for uplink transmission, assuming 10MHz bandwidth and single layer transmission for both DL and UL. Constant DL and UL spectral efficiencies can be used to calculate the number of subframes needed to transmit a packet of a given size. Effectively, link adaption is not modeled.
· HARQ is not modeled, for the same reason that high UL and DL geometries are achievable for most UEs in isolated cells.
3 Conclusions
In this contribution, we discuss the evaluation methodology and assumptions for TDD UL-DL reconfiguration based on traffic adaptation. Specifically, we propose the following for RAN1 agreement. 
	Parameters
	Assumptions

	Deployment scenario
	· Isolated cells

	System bandwidth
	· 10MHz

	Reconfiguration time scale 
	· Every 640ms
· Every 10ms

· Not adapted

	Metric
	· Packet delay: the time difference between when packet is available for transmission and when the packet transmission is completed, or
· Packet throughput: ratio of the packet size over the packet delay

	Traffic model
	· Packet size of 2 Mbytes or 0.5 Mbytes
· Poisson distributed with arrival rate λ
· DL and UL traffic load ratio of 4:1

	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

· Constant DL (e.g. 3.7 bps/s/Hz) and UL spectral efficiency (e.g. 2.1 bps/s/Hz), i.e. without link adaptation

· No HARQ


4 References
[1]. RP-110450, “New study item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation,” CATT, Ericsson, ST-Ericsson
[2]. R1-070674, “LTE physical layer framework for performance verification,” Orange, China Mobile, KPN, NTT DoCoMo, Sprint-Mobile, Vodafone, Telecom Italia
[3]. 3GPP TR 36.814 v9.0.0
[4]. 3GPP TS 36.213 v10.2.0
5 Appendix

Table 2: Femto-cell system assumptions for isolated cell scenario

	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Femto antenna gain 
	0 dBi

	Femto antenna pattern
	Omni-directional

	Femto max transmission power
	20dBm

	Femto DL power control
	Base on noise ,simple PC

	Femto UEs UL Power control
	P0 = -75dBm; alpha = 0.8

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Femto noise figure
	13dB

	UE power class
	23 dBm (200 mW)

	Femto UE number per active HeNB
	1

	UE to femto BS(in the same apartment) pathloss
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and femto BS
Liw is the penetration loss of the wall separating apartments, which is 5dB.
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