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Introduction

TDD mode radio systems have the special property of channel reciprocity when compared to their FDD counterparts. As UL and DL is transmitted in the same frequency band the instantaneous channel attenuation measured in DL will be similar in UL.
In the following we suggest to exploit this channel reciprocity in order to improve the coverage of PUCCH in TDD system.

PUCCH power control
The requirements for power control on PUCCH are quite different when compared to the data channel PUSCH. For PUCCH we have fixed low bit rate and require high reliability without HARQ.
With such requirement the objective of power control should be to keep a stable similar UL SINR for all the UE’s. The SINR target for PUCCH should be selected such that the reliability of ACK/NACK is insured. If SINR is higher than requested we waste UE power and create excessive interference to other UE’s, on the other hand if SINR is lower than the requirement we can not assure the PUCCH reliability.

As both the radio channel and UL interference is varying in time we need to adapt the UE transmit power at the UE to keep a stable SINR at the Node B. Multiple strategies exist to achieve this, and even within the UL power control scheme that has already been in 3GPP a number of possibilities exists.
Current scheme for PUCCH power control supports both open and closed loop corrections. For TDD system we can exploit channel reciprocity and estimate channel attenuation in UL band from DL reference signals, so with fast open loop corrections we have the possibility to track the attenuation of UL channel. 

To have stable UL SINR we also need to adapt to interference, but due to the mobility of the interferers, scheduling and variation in transmit power UL interference is unpredictable so including corrections due to variations in interference would increase UE transmit power variance without reducing SINR variance further.
So to summarize, in this contribution we suggest to apply fast open loop power control for PUCCH in TDD system. To enable this from a specification point of view we need to consider two specific issues

· Update rate for open loop corrections in the PUCCH power control scheme.

· Channel attenuation measurement definition should be compatible with fast power control on PUCCH.

For update rate we suggest to add the possibility to update UE transmit power every 5 and 10 ms, in this manner we can measure channel attenuation during DL slots and change the UE transmit power before UL transmission starts.
For channel attenuation measurement we need to measure the channel in the band where PUCCH is transmitted. In case PUCCH is hopped we need to have samples from both bands in the measurement. Secondly the measurement needs to be generated from samples in the DL slots of one TDD frame, in that way the measurement represents the instantaneous channel state.
Simulation setup and results 
To evaluate the performance of the channel reciprocity based fast open loop power control we study the coverage performance of PUCCH with system level simulation. As UE’s are code multiplexed on the PUCCH the coverage will depend on how many UE’s are allocated to the PUCCH in the same TTI. In the simulation we simulate just one PUCCH and UE’s transmitting on that in the same sector remain 100 % orthogonal while no orthogonality is assumed between users transmitting in different sectors. As we focus on coverage, Case 3 from [3] is assumed (ISD 1732 m).

One issue that needs to be mentioned before we go to the results is UL power control parameter setting. For PUCCH the parameters should be adjusted so that coverage is optimized. From a theoretical point of view, optimal setting would be to have fixed target SNR for all UE’s (full compensation, α = 1.0). Secondly, that SNR target should be as low as possible while still insuring the reliability of PUCCH control information (the SNR target can be adjusted by the parameter P0).
For the results we show as baseline a case with ordinary PUCCH power control where P0 have been optimized to provide the optimal SINR at 95 % coverage. To compare with that we show a case where fast open loop updates has been enabled. UE transmit power is updated every 5 ms according to the instantaneous channel attenuation in the previous TTI. It should be noted that we assume 2 Rx antenna MRC at eNB and 1 tx antenna at the UE. For the DL measurement we take the power mean value of the RS symbols from antenna port 1 and 2 (2 TX antenna configuration assumed for DL).
In Figure 1we show the SINR distribution for the above two mentioned cases. Result for both 1 and 6 UE multiplexed on one PUCCH is shown. In Figure 2 we zoom in the the 95 % coverage and from these results we see that the fast power control can improve the coverage by more than 2 dB in the 6 UE case. In Figure 3we show the standard deviation of SINR in the different cases and we can see that fast power control cases indeed reduces the variance of the SINR.
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Figure 1 PUCCH SINR distribution for different types of power control and multiplexing order.
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Figure 2. PUCCH SINR distribution for different types of power control and multiplexing order. Zoom in to 95 % coverage point.
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Figure 3 Standard deviation of PUCCH SINR, different types of power control and multiplexing order.
For the simulation parameters refer to the appendix A.
Gain from fast power control.

For fast PC feature we have shown that we can support a multiplexing order of 6 with similar coverage at the case without fast pc and multiplexing order of 3. So enabling fast power control an optimistic estimate would be that we could half the number of PUCCH's.

For TDD system we have a special situation when we have DL heavy allocation of the time slots. In worst case only 1 UL time slot is available to carry all the PUCCH info instead of 2.5 slots with equal UL/DL distribution. If we say that with equal UL/DL distribution we need 10 % of the resources for PUCCH, then we would need 25 % in DL heavy case.

So combining these two numbers we estimate that we could gain 5 - 10 % in UL system capacity depending on the UL/DL ratio and PUCCH resource need.

Conclusions

In this contribution we show the benefits of using fast power control based on TDD reciprocity on PUCCH. System performance gains of up to 10 % is achievable depending on the PUCCH resource need and UL/DL ratio.
We propose to add the possibility of having fast updates of UL transmit power based on measuring the channel attenuation in DL. No changes to existing decisions on UL power control are needed. Only need for a parameter option setting a fast update rate and access to a wideband DL pilot measurement with minimal filtering and fast update rate.
Reference
[1]    3GPP TS 36.213 (specification of UL power control)
[2]    3GPP TS 36.214 (specification of UE measurements)
[3]    3GPP TR 25.814
Appendix A – System simulation parameters

The following table shows the parameters used for the system level simulation. Those have been selected to be in inline with the system evaluation framework for LTE in [3].

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm 

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters
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