Page 1



TSG-RAN Working Group 4 (Radio) meeting #48 
 R4-081934
Jeju Island, Korea, 18 – 22 August, 2008


Source:
Ericsson

Title:
Discussions on Relative Power Tolerance of LTE UL Power Control 

Agenda item:
6.1.2.2
Document for:
Approval
1 Background 
The relative power tolerance specifies the UE ability to adjust its output power according to TPC commands except the initial UE transmission. The way to specify the relative power tolerances were discussed in [1-3]. In these discussions, there was consensus that the relative power tolerances should be specified for contiguous and noncontiguous transmission respectively. But the proposed relative power tolerances are controversial due to the system requirements and the filter response variation over the operating bandwidth and some other practical difficulties. 

In this paper, the simulation results in [3] are represented for clarification. The influence due to some major practical difficulties is discussed. A TP containing the less controversial framework to specify the relative power tolerance is proposed at the end of this paper.   

2 System level simulation results of power control on PUCCH

The minimum requirement of relative power control should be able to achieve a certain system performance, measured in system capacity or system throughput. Driven by this consideration, system level simulations on PUCCH were performed in [3], since PUCCH is critical for the system performance. 

The simulation assumptions are summarized in Table 2.1. The radio channel is assumed to be slowly time varying with a mobile velocity of 3 km/h. Ideal channel estimation is assumed. The power setting errors are uniformly distributed within the proposed relative power tolerances at the given power step, which are presented in Tables 2.2 and Table 2.1 in [3]. The former is a WCDMA-like power control tolerance, and the later is a much relaxed power tolerance. For convenience, they are represented in Tables 2.2 and 2.3 in this paper. 
Table 2.1 Simulation assumptions of LTE UL PC

	Channel to study
	PUCCH 

	Type of simulations
	Dynamic

	Simulation environment
	LTE 'Case1' (ISD 500 m, penetration loss 20 dB, bandwidth 10 MHz, 3 km/h), hexagonal grid, 7 3-sector sites, wrap-around, 21 cells

	Channel model
	SCM suburban macro

	Channel estimation
	Ideal

	Antenna setup
	1 Tx, 2 Rx 

	Power control
	Closed loop with TPC delay of 5 ms

	Orthogonality 
	0.2 

	Scheduling method
	Full buffer, constant number of transmitters per cell and subframe

	Metric to measure
	ACK/NACK error rate at 95th percentile


Table 2.2 Relative Power Tolerances (Table 2.2 in R4-081387)
	Power Change Step Size [dB]
	Tolerance [dB]

	[0  |ΔP|(1]
	[+/- 0.5]

	[2  |ΔP|(4]
	[+/- |ΔP|(/2](

	ΔP|(20]
	[+/- |ΔP|(/2](

	[21  |ΔP|](
	[+/- 11]


  Table 2.3 Relative Power Tolerance (Table 2.1 in R4-081387)*
	Power step size (Up or down) P [dB]
	Transmitter power step tolerance [dB]

	0   to  1
	± 2.01

	1> to 5
	± 3.01

	>5
	± 5.0

	Note

1 Number of exceptions where the limit is +/-5.0dB is FFS




                               * This is originally proposed in [1]. 
The system performance is measured by the number of supported UEs in a scheduling block to achieve an ACK/NACK error rate between maximum 10-3. 

The ideal power steps and the real power steps using different tolerances are given in subplots (a), (b) and (c) in Figure 2.1. In subplot (a), one can see that the ideal power control step is small, around 0 or +/-1 dB. In other words, the channel and interference are varying slowly. The histogram of the power steps in the simulations with tolerances proposed in Table 2.3 is given in subplot (b). It can be seen that the spreading of the step size is significant. This is mainly due to the compensation of the large power setting errors, which are most likely to be in [-2, 2] dB in the simulations. Compensating for a large error in one subframe will then cause a power step that is bigger than necessary in a subsequent subframe, which will then suffer larger inaccuracy than necessary. This becomes a vicious spiral. In subplot (c), the histogram of the real power step with power tolerance given in Table 2.2 is presented. The spreading of the power control steps is limited. 
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                              (a)                                                            (b)                                                          (c)
Figure 2.1 Histograms of the power changes with ideal power change (a), tolerances from Table 2.3  (b), and tolerances from Table 2.2 (c)

Finally, the resulting 95% BER of the PUCCH ACK/NACK is summarized in Table 2.4 with different load (number of UE per scheduling block) and different power tolerances. It can be seen that with tolerances in Table 2.3 the targeting ACK/NACK error rate (maximum of 10-3 ) cannot be achieved with a load of 4 UEs per scheduling block. On the other hand, this requirement is achieved with the tolerances from Table 2.2. It is also just slightly degraded from the ideal cases. From these results, it can be seen that at least a 25% capacity loss is introduced by the relaxation from the power tolerances given in Table 2.2 to those in Table 2.3. 
Table 2.4 Resulting 95% BER of PUCCH ACK/NACK

	Load (User per scheduling block)
	Ideal
	Tolerance in Table 2.2
	Tolerance in Table 2.3

	4
	5.0e-4
	5.3e-4
	1.2e-3

	6
	2.1e-3
	2.2e-3
	4.1e-3

	8
	2.3e-3
	2.4e-3
	4.6e-3


3 Challenges to stringent relative power tolerances 
Although stringent power control tolerances are shown to be necessary, at least for PUCCH, there are a number of practical difficulties which make it costly to achieve these requirements. Three major difficulties are 

· Frequency hopping and flatness of RF filters

· Noncontiguous UE transmission

· Transitions between PUSCH and PUCCH

3.1 Frequency hopping and flatness of RF filter

Frequency hopping can happen in the two consecutive time slots in one subframe as shown in Figure 3.1. As illustrated, the frequency subband assigned to a single UE can hop from one edge to the other (this will always happen on PUCCH), or from the edge from the middle of the whole bandwidth, or vice verse.  So the real output power will be affected by the flatness of the amplitude response of the RF filters. Frequency hopping can also occur between subframes.

[image: image4]
Figure 3.1 Example of frequency hopping in LTE
3.2 Noncontiguous transmission
In general, the UE transmission in LTE is noncontiguous on the subframe level. When a UE transmits after a large transmission gap, it can be practically considered as initializing a new transmission. Its power tolerance can then be specified as the absolute power tolerance [4]. For noncontiguous transmission with a short gap (shorter than x ms), the UE might gain time to calibrate its output power and a power tolerance which is better than absolute power tolerance might be achieved. Still the noncontiguous transmission requires relaxed tolerances from those in Table 2.2. 

In practice, the selection of the limit of short gap should be a compromise between achievable power accuracy from the implementation perspective and the system performance requirement. The selection can also be motivated by relevant uses, e.g. 20 ms for VoIP, or by the system frame structure, e.g. 10 ms as the length of a FDD/TDD frame, or by some physical and network layer procedure, e.g. 7 ms as in [2]. Other proposals should not be excluded. 

Table 3.2-1 Options for transmission gap of x ms 

	Options
	1
	2
	3

	Transmission gap of x ms
	20
	10
	7


3.3 Transitions between PUSCH and PUCCH

The LTE UL will experience any transitions between PUSCH and PUCCH as shown in Figure 3.2.
                 
[image: image5]
                               Figure 3.2 Transitions between PUSCH and PUCCH
Within these transitions, the transition from PUSCH to PUCCH is most challenging. In this case, the power control step could be large and the relative power tolerance is stringent or has to be relaxed. 
4 The way forward on relative power tolerance

So that we believe a stringent power tolerance is necessary, especially for PUCCH, but it should not be more than necessary. Some more system level simulations might be necessary for this specification by taken into account the above mentioned difficulties. That said, the structure/principle to specify the relative power tolerance is almost consensus [5]. So a TP on the structure of the specification of the relative power tolerance for 36.101 is proposed in Appendix A for approval.
5 References
[1] R4-080711, TS36.101: E-UTRA UE Power control, Motorola
[2] R4-081296, Proposal for UE power control accuracy requirements, Qualcomm

[3] R4-081387, Proposal on Relative Power Control Tolerance and Simulation Results, Ericsson

[4] R4-081386, TP LTE UL Absolute Power Control Tolerance, Ericsson

[5] R4-081390, Summary of Telco on LTE UL Power Control (2008-08-07), Ericsson
Appendix A: 
------------------------------------------------------ Begin of Text Proposal ​​​​​​​​​​​​​​​​​​​-------------------------------------------------------------
6.3.1 Power control
6.3.1.1 Absolute power control
6.3.1.2 Relative power tolerance
Relative power tolerance in uplink specifies the ability of the UE transmitter to adjust its output power in accordance with one or more TPC commands received in the downlink except the initial transmission.
6.3.1.2.1    Relative power control steps

The relative power control step is the change in the UE transmitter output power derived at the UE according to the power control algorithms specified in TS 36.213.

6.3.1.2.2 Minimum requirements

The UE transmitter shall have the capability of changing the output in the subframe immediately after the TPC commond can be derived. 
The relative power step is defined as the relative power difference between the mean power of the original (reference) subframe and the mean power of the target subframe, not including the transient duration. 

When the UE is in continuous transmission, i.e. transmission gap = 0 ms, the relative power tolerances are given in Table 6.3.1.2.2-1. 
Table 6.3.1.2.2-1 Relative Power Control Tolerance (transmission gap = 0 ms)
	Power Change Step Size [dB]
	Tolerance [dB]

	[0  |ΔP|(1]
	TBD

	[2  |ΔP|(9]
	TBD

	ΔP|(]
	TBD


When the UE is in noncontinuous transmission with a transmission gap between 1 ms to x ms, the relative power tolerances are given in Table 6.3.1.2.2-2. 
Table 6.3.1.2.2-2 Relative Power Control Tolerance (1 ms <= transmission gap <= x ms)
	Power Change Step Size [dB]
	Tolerance [dB]

	[0  |ΔP|(1]
	TBD

	[2  |ΔP|(9]
	TBD

	ΔP|(]
	TBD


When the UE is in noncontinuous transmission with a transmission gap larger than x ms, the relative power tolerances are +/- 9dB.  
----------------------------------------------------------- End of Text Proposal---------------------------------------------------------
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