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1. Introduction

In 3GPP RAN#58 meeting, TDD eIMTA was brought into WI stage. One of important tasks in WI is to agree on time scale and corresponding signalling mechanism. During SI phase of TDD IMTA, four candidate methods are proposed as signalling mechanism, i.e. SI signalling, RRC signalling, MAC control element (CE) signalling and physical layer signalling, with the reconfiguration time scales from order of 640ms down to tens of milliseconds. Packet throughput gain of larger time scale is generally lower than that of smaller time scale, according to evaluation results summarized in TR36.828. 
This contribution mainly discusses mechanisms based on MAC CE and PHY layer signalling. It should be noted that this contribution focuses on the signalling to only indicate the transmission direction(s) in one subframe or one radio frame. The signalling to indicate HARQ timing relations (i.e., delays for ACK/NACK and packet retransmission) is discussed in a separate contribution [1].
2. MAC CE signalling
The time scale of MAC-CE method is on the order of tens of millisecond, with the exact value depending on signalling procedure determined by RAN2. The evaluation results corresponding to this level of time scale are missing from TR 36.828. Hence we present evaluation results here to show performance 40ms time scale, in two scenarios: isolated cell and multi-pico cell (w/o IM). The former one has the largest dynamic D/U reconfiguration gain and the latter one is considered one of prioritized scenarios [2]. FTP1 model is used with 0.5Mbype file size and 0.5 data arrival rate on both DL and UL. TDD configuration 1 is set as reference. Other simulation assumptions are given in Appendix. 
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Fig 1 Packet throughput in isolated cell (Pico) scenario
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Fig 2 Packet throughput in multi-cell (Pico) scenario (w/o IM)

Simulation results are shown in Fig 1 for isolated cell and in Fig 2 for multi-pico cell. It can be seen that the performance of 40 ms time scale is very close to that of 10ms time scale in both scenarios, and on both DL and UL. The performance difference is less than 5%. 
Besides the close throughput performance, MAC-CE solution is more robust than PHY layer signalling solution. eNB can know such decoding error based on ACK/NACK and, in case of NACK, either cancel the TDD reconfiguration attempt or re-transmit the MAC-CE signalling. ACK/NACK protection can be certainly applied to PHY-signalling solution. However, not every PHY-signalling solution can utilize ACK/NACK; in addition, with ACK/NACK protection, the time scale of PHY-layer signalling would be larger than 10ms, which further reduce the performance difference between two signalling schemes. 
Observation: In isolated cell scenario and multi-pico scenario, the DL and UL packet throughputs with 40ms time scale are very close to those with 10ms time scale.  

Proposal: Further evaluate the performance with time scale on order of tens of milliseconds for macro-pico adjacent-channel scenario 
· with agreed time scale for MAC-CE (or feedback from RAN2 if request LS sent to RAN2)
3. Physical layer signaling

The physical layer signalling mechanism can be classified into implicit solution and explicit solution.
3.1. Implicit solution
According to TR36.828, the transmission direction of a subframe can be implicitly derived by the UE based on the eNB scheduling and configurations for UL transmissions. In other words, the Rel-11 DL/UL scheduling grants can be used to implicitly indicate the direction of the targeted subframe, which should be the same as the direction of scheduled packet transmission in that subframe.  
With implicit solution, no new signaling element is introduced and therefore the specification effort is minimal. On the other hand, the disadvantages and limitations with implicit solution may include: 
· TDD-eIMTA-enabled UE has to blindly detect DL/UL grants in more subframes than UE with TDD-eIMTA unsupported or disabled, which generally results in energy waste and poor battery life inside UE. 
· False alarm of UL GRANT (10-5) or ACK-to-NACK decoding error (10-3) on PHICH may trigger uplink transmission in the subframe that is turned into downlink by eNB.
The first disadvantage above may not be a fundamental issue since UE’s power consumption due to more blind detection is at least the same as the one in legacy system with downlink heavy configurations such as DL/UL configuration 2 and 5. The second problem should be resolved because it generates excessive and likely endless UE-to-UE interference. 
Explicit signaling can be used as a complementary function to alleviate the second problem mentioned above. The following principles should be considered while designing complementary explicit signaling
· impact to current functions such as scheduling flexibility should be avoided

· current physical layer signaling should be reused as much as possible, and additional signaling overhead should be kept as low as possible
For example, some downlink physical layer signaling (such as DCI format 0/4/3/3A) might not appear in flexible subframes, and can be reused to indicate subframe directions or D/U configuration of next radio frame. One issue in this example occurs when all flexible subframes are on uplink direction and there is no chance to transmit the reused DCI signaling. However if the probability that all flexible subframes are uplink is high, the effect of uplink-to-downlink interference would be much lower and even negligible, and therefore the second problem mentioned above may not be a big issue any more.
Proposal: Consider to design explicit signalling as the complement to implicit signalling, with the design principles discussed in this section. 
3.2. Explicit solution
With the standalone explicit indication, UE should know the actual direction of a subframe before trying receiving or transmitting in it. In order to inform the UE of DL/UL configuration or subframe transmission direction, new physical layer signaling should be introduced. This new physical layer signalling is either embedded into existing DCI formats or defined within new DCI format. In either way more specification efforts are needed. Moreover, overhead of explicit signaling is expected to be higher than that of implicit solution. On the other hand, the benefits of explicit signaling are normally accounted to include:
· Avoid unnecessary energy waste caused by blind detection in “real” uplink subframe. 
· HARQ timing across the reconfiguration can be derived based on the two TDD UL/DL configurations that are used before and after the reconfiguration. This leaves a chance to design appropriate HARQ timing to reduce RTT, comparing to the implicit solution for which only fixed reference HARQ timing can be used.
As analyzed in section 3.1, the first benefit seems not fundamental. The second one can be further studied to see whether it can bring remarkable performance gain.
4. Conclusions
This contribution can be summarized as below. 

Observation: In isolated cell scenario and multi-pico scenario, the DL and UL packet throughputs with 40ms time scale are very close to those with 10ms time scale.  

Proposal 1: Further evaluate the performance with time scale on order of tens of milliseconds for macro-pico adjacent-channel scenario 
· with agreed time scale for MAC-CE (or feedback from RAN2 if request LS sent to RAN2)
Additionally, implicit and explicit solutions based on PHY layer signalling are briefly compared. The benefits of explicit signalling solution should be further studied. The shortcomings of implicit solution can be alleviated if explicit signalling is used as a complement. One example is presented and other complementary explicit signalling can be further exploited.
Proposal 2: If implicit PHY layer signalling solution is adopted, consider to design explicit signalling as the complement to implicit signalling, with the following design principles 
· impact to current functions such as scheduling flexibility should be avoided

· current physical layer signaling should be reused as much as possible, and additional signaling overhead should be kept as low as possible
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Appendix

Table 1 Simulation Assumptions for isolated pico cell scenario
	Parameters
	Assumptions

	Pico deployment
	single cell , with a radius of 40 m

	Pico antenna gain
	5 dBi

	Pico antenna pattern
	2D, Omni-directional

	Pico noise figure
	13 dB

	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
	3dB for LOS and 4dB for NLOS

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Maximum pico TX power
	30 dBm

	Traffic model
	· FTP model 1 in TR36.814

· Independent traffic modelling for DL and UL per UE

· Fixed size of 0.5Mbytes as in TR36.814

· Poisson distributed with arrival rate λ. The arriving rate for DL is 0.5. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate. 

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or

TDD UL-DL reconfiguration every 10ms, 40ms

	HARQ modelling and HARQ retransmission
	Not modelled

	eNB antenna configuration
	1 Tx, 2 Rx

	UE antenna configuration
	1 Tx, 2 Rx

	System bandwidth
	10 MHz

	Link adaptation
	MCS selection with 10% BLER, assuming ideal CSI

If the highest MCS is selected, the BLER may be less than 10%, which shall be modelled

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

	Small scale fading
	Not modelled

	Carrier frequency
	2 GHz

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is modelled according to 36.814 (i.e. 8s for 0.5MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

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


Table 2 Simulation Assumptions for multi-pico scenario
	Parameters
	Assumptions

	Scenario
	Co-channel and multiple pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment


	The typical 19-cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between UE and pico
	10 m

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Maximum pico TX power
	24 dBm

	UE power class
	23 dBm (200 mW)

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Shadowing standard deviation between  outdoor Pico cells
	6 dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Pico-to-pico pathloss
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)                                                    else, PL(R)=101.9+40log10(R), R in km

NLOS: PL= 40log10(R)+169.36, R in km

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Pico-to-UE pathloss
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	UE-to-UE pathloss
	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)

	Traffic model
	· FTP model 1 in TR36.814

· Independent traffic modelling for DL and UL per UE

· Fixed size of 0.5Mbytes as in TR36.814

· Poisson distributed with arrival rate λ. The arriving rate for DL is 0.5. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate

· Independent traffic generation per cell

· Same arriving rate for all the cells

	UE antenna configuration
	1 Tx, 2 Rx

	Pico eNB antenna configuration
	2 Tx, 2 Rx

	Link adaptation
	MCS selection with 10% BLER, assuming ideal CSI

If the highest MCS is selected, the BLER may be less than 10%, which shall be modelled

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

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is modelled according to 36.814 (i.e. 8s for 0.5MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

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

	Small scale fading
	Not modelled

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