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1 Introduction

The WI of further enhancements to LTE-TDD for DL-UL interference management and traffic adaptation was started up at RAN1#72. One of the objectives is to study and if needed specifiy means to mitigate the impact of interference caused by neighbor cells opperating in different duplex directions. At RAN1#73 one such a scheme was agreed, enhanced uplink power control: 
· In UL, at least two subframe sets can be configured, and for each subframe set,
· support separate open-loop power control parameters (P0 and alpha)
· FFS the application of these parameters to different channels e.g, PUSCH, SRS, PUCCH
· FFS  separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this prospoal
· FFS if additional (more than two) subframe sets are needed
In this contribution we try to address the remaining open issues regarding enhanced uplink power control.
2 Discussion

It was shown at RAN1#73 that enhanced uplink power control could be used efficently to mitigate the impact of eNodeB-to-eNodeB interference both in the studied pico only case as well as the pico-macro adjecent carrier case [1]. It was also shown that with the bitrate gain seen from traffic adaptation and interference mitigation that UE power consumption can be kept even with power boosting in some subframes. After the online descussion at RAN1#73 some ditatils still remains. 
2.1 Assingning transmissions to power control sets

According to the agreement at RAN1#73 a UE may be configured with at least two separate power control parameters. A method is needed to indicate to the UE what power control parameter set to apply for each transmission. Two main options are identified. A subframe set, using a bitmap over possible uplink subframes over one or multiple frames, could be signalled by higher layer. Signalling could be by RRC together with the power control parameters or using MAC signalling. Alternatively each transmission dynamically could be assigned to a parameter set. For example the current TPC bits could be reused using an updated table for TPC command. Alternatively additional bits could be added to the DCI formats for power control purpose, but then clear motivation should be given to motivate the additional overhead. 
Table 1
Updated mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated 
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 [dB] dual power control configured

	0
	-1
	-4
	-1 – set 0

	1
	0
	-1
	-1 – set 1

	2
	1
	1
	1 – set 0

	3
	3
	4
	1 – set 1


The benefit of dynamic signalling is that it would be possible to follow the instantaneous interference situation and traffic fluctuation in case of close coordination.  If TPC bits are reuse no additional overhead or complexity is lost, with the drawback of fewer power control steps. Configured sets are simple and can be configured to follow flexible and static subframes, if not the instantaneous usage of these. 

Proposal 1 Transmissions are assigned to power control parameters by use of TPC bits in the DCI.  
2.2 Application to different uplink channels

Power control parameters are present for all uplink channels it is however not obvious that multiple parameter sets are needed for all of them. 

The studies made on enhanced uplink power control have focused on PUSCH boosting in presence of PDSCH interference. Hence it is clear that PUSCH power control should support separate power control parameters. 

Since SRS can be sent periodically in static uplink subframes and UpPTS and aperiodically in both static and flexible subframes, and UpPTS, it may also experience PDSCH interference, it is hence reasonable that at least aperiodic SRS is also possible to operate with different power control sets. 
Details regarding PDSCH HARQ feedback timing is still to be decided for traffic adaptation and is discussed in [2]. Following the proposal in [2] PUCCH HARQ feedback will be protected from any downlink interference since it is only transmitted in fixed uplink subframes. If however it is decided to not follow a semi-static reference for HARQ feedback mapping further study is needed on how feedback robustness can be guaranteed and the impact this has on system performance. In this case enhanced uplink power control can be one important component to be studied but also other components may be needed such as ICIC. 

Proposal 2 Enhanced uplink power control should be applicable to at least PUSCH and SRS transmission

Proposal 3 If PUCCH HARQ feedback is only mapped to static uplink subframes one power control set may be sufficient

Proposal 4 If PUCCH HARQ feedback may map to subframes with downlink to uplink further study on how to guarantee robustness is needed
2.3 Accumulative power control commands
PUSCH power control can be operated in two modes, with accumulative or absolute power control commands. With absolute power control commands no difference is seen with one or multiple power control sets. With accumulated power control it is possible to operate in a closed loop mode adapting power after interference and fast fading at least on a medium time-scale. When introducing multiple power-control parameter sets one single closed loop component could be applied or one per set. Having only a single closed loop component has the drawback that interference fluctuations may be very different between static subframes, seeing only uplink interference, and flexible subframes, seeing both uplink and downlink interference. It also becomes a difficult task to correctly balance the offset between the two subframe sets. With multiple accumulative processes the different interference situations could better be followed and the offset between fixed and flexible subframes can dynamically be adjusted, to minimize interference and UE power consumption. 
To validate the argumentation a small set of simulations have been conducted in the pico only scenario. The parameters and assumptions are the same as in [1] and included in Appendix for reference. Enhanced power control (ePC) is applied without any power contol commands, with a single closed loop power control process (C) and with dual closed loop power processes (eC). The relative average bitrate compared to configuration 1 is shown in Figure 1. 
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Figure 1
Downlink and uplink user bitrate gain compared to configuration 1 static with different power control assumptions
With the power control scheme applied in Figure 1 a clear benefit can be seen from operating multiple accumulative processes. 
Proposal 5 Separate TCP commands and accumulation is supported per power control parameter set.
2.4 Number of supported parameter sets

Different subframes experience different interference; however two clear cases can be identified: subframes experiencing downlink to uplink interference and subframes that are static uplink. The reason for introducing multiple power control parameter sets is that these two subframe types may see substantially different interference, in the order of 20-40 dB. Within each of these types it may also be fluctuations, but that is no difference from what is handled today with absolute or accumulative power control command, and in the end link adaptation. 

To limit the signalling, control and design we hence propose. 

Proposal 6 Two different power control parameter sets are supported.
3 Conclusion
In this contribution we have addressed some of the open issues regarding enhanced uplink power control. Based on the discussion and simulation results presented we make the following proposals: 

Proposal 7 Transmissions are assigned to power control parameters by use of TPC bits in the DCI.  
Proposal 8 Enhanced uplink power control should be applicable to at least PUSCH and SRS transmission

Proposal 9 If PUCCH HARQ feedback is only mapped to static uplink subframes one power control set may be sufficient

Proposal 10 If PUCCH HARQ feedback may map to subframes with downlink to uplink further study on how to guarantee robustness is needed
Proposal 11 Separate TCP commands and accumulation is supported per power control parameter set.
Proposal 12 Two different power control parameter sets are supported.
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Appendix: Simulation parameters  
Simulation parameters are based on [4], additional details in Table 2. 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 [3].

Table 2 Simulation parameters


	Parameters
	Assumptions

	System bandwidth
	10MHz

	eNB antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Reconfiguration time scale 
	According to [3]. 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 [3].
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