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1 Introduction

At RAN1#72bis interference mitigation was discussed. Enhanced power control was observed to provide benefits in some of the studied scenarios and the following working assumption could be made [1]:
· At least for UL, the following scheme is supported for dynamic TDD UL-DL reconfigurations:
· Depending on the type of a subframe and/or type of interference seen by a subframe, the power control parameters and/or mechanism could be different between a flexible subframe and a fixed subframe
· Details of subframe-type dependent power control is FFS 
In this paper we evaluate one possible enhanced power control scheme and present results on the impact both on user bitrates as well as UE power consumption.  

2 Discussion

With dynamic TDD new interference situations arises. Both UE to UE and eNB to eNB interference occur in subframes where the traffic in different cells incurs different TDD confgiurations. The impact from UE to UE interference have on a statistical performance been rather limited, while it could still be strong in a few special cases. The impact from eNB to eNB interference is very large in some situation due to the likelyhood of line of sight and the relatively high output power. Even with low power nodes with output power in the order of the UE output power is the power difference large due to the power control commonly applied in uplink but not in downlink. It has been observed that in the studied scenarios the Pico to Pico interference could be as large as 45-50 dB stronger than the receiver noise [2]. It has also been seen that the pico to macro interference can be as strong as 30 dB over noise, even when a frequency isolation of 43 dB has been added [2]. It is clear that a interference mitigation scheme needs to handle these situations to be efficient. 
Two main methods can be considered in this scenario: Limit the flexibility or limit the interference impact. Limit flexibility could for example be done be pairing cells with high coupling and impose a limitation to the flexibility in these cells, for example mandating that the same TDD configuration is always applied. To limit the impact of the interference we observe that eNB-to-eNB is the main cause of additional interference, this can be countered by suppressing the interference in a clever receiver, by lowering the interference by reducing the eNB power or increase the signal by raising the UE power. 
In this contribution we focus on power control schemes requiring minimal or no information exchange between base stations. 
2.1 Enhanced uplink power control
The power control scheme studied in this contribution is an extension of the existing power control scheme where a separate P0,flex , as well as a subset of subframes where the new power control should be applied, can be signalled to the UE by using higher layer signalling. 

The power control target for flexible subframes in neighbour cells can in this way be set independently from power control in static uplink subframes. The target can either be set uniformly throughout the system or based on the base station to base station interference experienced in the cell. 
The benefit of having separate power control parameters compared to always running with a higher transmit power in all subframes is to save UE power and to ensure uplink coverage, where coverage limited UEs can be prioritized in static uplink subframes, experiencing lower interference. 

It is noted that this technique would be applicable also for adjacent carrier interference where other interference mitigation techniques could be difficult to apply, for example between different operator networks. 

2.2 Enhanced downlink power control

Also the downlink transmit power could be reduced in subframes where severe eNB-to-eNB interference is observed. If flexible subframes are free of CRS, power scaling can be done transparently by power scaling both the DMRS and the data symbols. If power steps are large it would be beneficial to allow CSI reporting for the different power levels, this is in principle already supported with TM10, but to capture the interference in flexible subframes some small enhancements would be needed [3]. 
In case of fast back-haul and tight coordination, for example with RRH based deployments, downlink power-control could be applied based on the instantaneous traffic conditions, i.e. CoMP. For more relaxed back-haul requirements a more semi-static power control can be considered where power is reduced based on the interference caused in surrounding cells. The power reduction could be statically configured in the network or based on measurements or X2 notifications, but the need for such signalling is not clear [2]. 
3 Results

Both scenario 3 and 4 have been evaluated where we assume only slow coordination over the network. Fast fading is modelled using EPA and 2x2 closed loop MIMO is assumed for downlink. HARQ is modelled according to [5]. Simulation assumption details can be found in the Appendix. Power consumption is also evaluated where power consumption is expressed both in the terms of monitored PDCCH and transmission subframes as well as according to an explicit power consumption model [4]. The model is derived based on a MTC device; any relative differences will have a significantly smaller impact on the device battery lifetime if also application processors and displays are considered. 
3.1 Pico only scenario

For this scenario the main cause of dynamic TDD specific interference originates from the cases where one pico node have line of sight to a different pico node, and the two nodes have active transmissions in different duplex directions. The main concern is on the cell edge user performance at higher loads, at low load interference between coupled base stations are infrequent and have limited impact on overall system performance. 
Figure 1 shows the performance in a Pico only scenario. The reference is a static TDD configuration 1, this is compared to a Dynamic TDD without interference mitigation, where Configuration 0 is used as the uplink reference and configuration 2 as the downlink, X0-2. Dynamic TDD is modeled according to [5]. Downlink power control, RPSF, and enhanced uplink power control, ePC, is applied both individually as well as together. When used together the uplink power control is limited to 25 dB compared to uplink only subframes and the downlink power control compensates for any remaining difference.
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Figure 1: Cell edge user performance gain with and without power control


We can see in Figure 1 that uplink performance can be enhanced by either uplink or downlink power control, however we can also see that downlink performance is severely degraded when trying to fully compensate for the interference difference using downlink power control, while the uplink power control have no, or limited, impact on the downlink performance.  

To limit the range of the power steps and potentially lowering the power consumption a combination of uplink and downlink could be considered. With limited power reduction in downlink the impact on downlink packet throughput is reduced while the benefits in uplink is the same, or even higher. 

The power consumption is shown in Figure 2 where the power consumption is expressed in PDCCH monitoring and PUSCH transmissons, lambda is the user arrival rate in downlink. From this we can see a decrease in the number of PDCCH subframes that needs to be monitored, due to the higher data rates and the decrease in number of needed uplink transmissions. The transmit power with enhanced uplink power control will go up substantialy as shown in Figure 3. The resulting power consumption will depend on the contribution to the modem power consumption coming from clocks baseband and transmitter efficieny as well as the actual transmit power.  
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Figure 2
PDCCH and PUSCH usage
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Figure 3
Average uplink transmit power, with and without power control (UL users only)
3.2 Macro-pico adjecent carrier

The scenario with one pico layer on one carrier frequency and a macro layer on a separate carrier frequency adds an additional level of complexity. Instead of having only pico to pico interference we also introduce interference between the layers, even with the isolation given in frequency separation. It is noted that interference in both the macro and pico uplink significantly degrades performance. The macro can hence see interference even if it is not running dynamic TDD.
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Figure 4
Downlink and uplink average performance with and without interference mitigation, users served by macro and pico presented separately 

In Figure 4 the results for the Macro-Pico adjacent channel is shown. Downlink power control, RPSF, is only applied in the Pico nodes towards the Macro nodes. Enhanced uplink power control, ePC, is applied in both the pico and the macro cells. 

As seen in Figure 4 the losses in the macro uplink can in principle be eliminated by applying an enhanced power control. Downlink power control in the picos towards the macro does in this case have a smaller impact on downlink performance since the power reduction is substantially smaller, and is hardly visible in the average performance. Power control has in this scenario only been applied towards the interference observed in Macro cells, in subframes where the Macro has uplink. Uplink power control increases uplink performance in both the macro and the pico. The pico performance gain from dynamic TDD can be maintained also for higher loads.
3.3 Impact on modem power consumption

To assess the impact on the modem power consumption from dynamic TDD and from enhanced uplink power control an explicit power consumption model has been used to calculate the relative energy usage for a packet transfer compared to the reference case with fixed configuration 1. Results for a low load case are presented in Table 1. What we can see is that dynamic TDD can significantly decrease the modem power consumption for conveying a file. This is mainly due to the increased bit-rate making the active time shorter. We also see that even with an increased transmit-power the average power consumption do not go up, again due to better bitrates and fewer transmission occasions. We also list the potential benefit with explicit signalling due to wasted PDCCH monitoring in flexible subframes. We see that with ideal explicit DRX signalling 0.25% of the UE power can be saved, not taking into account energy for receiving the signalling. This is an upper bound on the potential; any realistic signalling scheme will provide significantly less.  
Table 1
Relative energy-consumption for dynamic TDD and reconfigurable TDD with explicit DRX signalling

	
	Config 1
	ConfigX0-2
	ConfigX0-2 ePC
	Explicit DRX

	Scenario 3
	100%
	77%
	76%
	76.8%

	Scenario 4
	100%
	80%
	79%
	79.8%


4 Conclusion

In this contribution we have shown that uplink power control can be applied to significantly improve the performance of dynamic TDD. The scheme requires higher layer signalling to configure but no additional dynamic signalling. We also observe that large benefits can be seen also in cells not applying dynamic TDD. It is hence proposed to: 
Proposal 1 Introduce an enhanced uplink power control where a terminal can be configured with separate power-control instances for different subframes. 
Proposal 2 Each power control loop can be configured with separate P0.

Proposal 3 Signalling of subframes is separate from indication of flexible subframes. 
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Appendix: Simulation parameters  
Simulation parameters are based on [6], additional details in Table 2. 

Table 2 Simulation parameters


	Parameters
	Assumptions

	System bandwidth
	10MHz

	eNB antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Reconfiguration time scale 
	According to [5]. 4-7ms

	Traffic model
	· FTP model 1 in TR36.814
· Fixed size of 0.5Mbytes 

· 2:1 downlink:uplink traffic

	Link adaptation
	MCS selection with 10% BLER target

	Packet drop time
	Modeled according to 36.814 (i.e. 8s for 0.5MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	Small scaling fading channel
	ETU for UE-eNB and UE-UE

Not modeled for eNB-eNB

	DL/UL CSI feedback
	CSI PUCCH format 1-1 every 10ms, rank every 40 ms
Sounding every 10 ms

	Control channel and reference signal overhead
	· DL

· Overhead for PDCCH: 2 OFDM symbols

· 2 CRS ports

· UL

Overhead for UL DM-RS: 2symbols per subframe
Sounding: 1 symbol per frame 

	Channel estimation
	Ideal

	Scheduler
	Proportional fair
SR-period - 10 ms

	HARQ modeling
	According to [5].

	Cell range expansion (CRE)
	22 dB bias for CRE 



