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Background

The UE RF specification TS 25.101 has today some functional requirements for the Uplink TPC (Transmit Power Control):

Clause 6.4.2:
Inner loop power control in the uplink
Inner loop power control in the Uplink is the ability of the UE transmitter to adjust its output power in accordance with one or more TPC commands received in the downlink.
The requirement covers different step sizes and the two power control algorithms, and is expressed for single commands and groups of 10 commands. There is no interference or AWGN involved in the requirement, making it a pure functional test at a high SIR. Detection of the TPC commands at the UE will thus be essentially error free.

Clause 8.7.2
Combining of TPC commands from radio links of different radio link sets
This requirement verifies that TPC commands from two radio link sets are combined according to the correct L1 procedures. 
In a first test, all four combinations of commands (0 or 1) from the two radio link sets are run in a cyclic manner and the correct power change from the UE should be generated 99% of the time. This is done at an SIR several dB above the normal operating point in AWGN.
In a second test, the same sequence of commands is run. The requirement is that power change “UP” should be generated more than 25% of the time and power “DOWN” less than 50% of the time. This is also done at a SIR several dB above the normal operating point, but in fading conditions.

In addition there is:

Clause 6.4.4:
Out-of-synchronization handling of output power
This requirement defines the UE behaviour at bad SIR conditions, requiring the UE to shut off the transmitter and initiate out-of-synchronisation handling at a certain DPCCH level Qout.
The threshold Qout should correspond to a level of DPCCH quality where no reliable detection of the TPC commands transmitted on the downlink DPCCH can be made. This can be at a TPC command error ratio level of e.g. 30%, corresponding to DPCCH_Ec/Ior = -25 dB.
In the requirement, the UE may shut its power off below DPCCH_Ec/Ior = -22 dB and must shut its power off at DPCCH_Ec/Ior = -28 dB.
Discussion

The requirements described above verify that the UE response to TPC commands is correct under good SIR conditions, both in terms of how large the power change is and that the power change is in the right direction (up/down) when combining commands from several radio link sets. But there is no requirement verifying that TPC commands are detected with sufficient performance, neither at an operating point SIR nor at really bad SIR levels close to out-of-synch.

It is well known that the TPC command detection performance is not critical to the uplink performance, in the sense that a moderate TPC command error ratio (5-10%) does not have detrimental impact on performance. In the investigations for Out-of-synchronisation handling, it was concluded that the loss of system performance became unacceptable at a TPC command error ratio of 30% [1].

With that in mind it is worth noting that

1. There is no requirement in TS 25.101 today verifying that the UE has a moderate TPC command error rate.

2. There is no requirement in TS 25.101 today for a reasonable “balance” between errors on UP and DOWN commands. 

When SIR conditions are really bad and approaching Out-of-synch conditions, a too high TPC command error ratio may lead to large UE transmit power fluctuations. If in addition there is a bias towards errors on DOWN commands relative to UP commands, the fluctuations will generally by upwards which may cause unnecessary interference.

Outline of a requirement for TS 25.101

A requirement on the response to TPC commands similar to that of Clause 8.7.2 (but for a single radio link) will cover the situations listed above. A proposal is outlined in the Annex to this contribution. The intention is to verify that

1. The TPC command error rate is not too high at low SIR.

2. Errors on UP and DOWN commands are balanced.

A DPCCH_Ec/Ior = -22 dB level is picked as the lowest level where the UE is not allowed to go into Out-of-synch, according to the test in TS 25.101 Clause 6.4.4.  The other signal levels are also taken from 6.4.4.

The sequence of TPC commands for the requirement should be with equal numbers of 0:s and 1:s, ultimately specified by T1. One option is to cycle the set {0,1}. Considering that the gain control in the UE may cause correlation between consecutive power changes, the sequence {0,0,0,1,0,1,1,1} is proposed. When run cyclically it produces all eight possible combinations of three consecutive TPC commands.

The TPC error level 20% is from [1]. Since the assumption for Out-of-synch is that DPCCH_Ec/Ior = -25dB will generate a 30% TPC command error rate, we need to look at the AWGN performance 3 dB above that at DPCCH_Ec/Ior = -22 dB. With that as input, the performance curves in Figure 1 of [1] gives a TPC BER of 20%.

The expected value of the parameter  |TPC_ER_0 - TPCER_1| should be 0% if there is no bias between UP/DOWN command errors. That is in a way the core requirement, but it would be awkward to put in a specification since you can never achieve that over any finite sequence of commands. An error margin for the test will be added by T1 on top of the core requirement. We propose 1% as the core requirement. This level has to be verified.

Proposal

That a test of TPC command detection performance is introduce in TS 25.101 Release 99, based on the proposal in the Annex of this contribution.
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ANNEX: PROPOSED SPECIFICATION TEXT FOR TS 25.101 (Release 99):

6.4.5
TPC command detection performance

The TPC command detection performance is a measure of the UE transmit power response to given TPC commands under bad downlink SIR conditions. An incorrect response is defined as a TPC command error. The performance is measured as the error rate on the received TPC commands and the balance between TPC command errors on the up and down commands.

6.4.5.1
Minimum requirement

A TPC command error is defined as a power change “UP” in response to a given “0” command or a power change “DOWN” in response to a given “1” command.

The TPC command error ratio TPC_ER is the number of TPC commands errors divided by the total number of slots.

The TPC command error ratio for “0” commands TPC_ER_0 is the number of TPC commands errors for given “0” commands divided by the total number of slots with “0” commands. 

The TPC command error ratio for “1” commands TPC_ER_1 is the number of TPC commands errors for given “1” commands divided by the total number of slots with “1” commands.

For the test parameters specified in Table 6.6A, the TPC command error ratios shall be within the limits in Table 6.6B.

Table 6.6A: Parameters for TPC command detection performance

	Parameter
	Unit
	Value

	Phase reference
	-
	P-CPICH
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	dBm/3.84 MHz
	-60
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	dBm/3.84 MHz
	-1

	Power-Control-Algorithm
	-
	Algorithm 1

	TPC commands over 8 slots
	-
	{0,0,0,1,0,1,1,1}

	Information data Rate
	kbps
	12.2 

	Propagation condition
	-
	AWGN


Table 6.6B: Minimum requirement

	Parameter
	Limit

	TPC_ER
	TPC_ER < [0.2]

	TPC_ER_0, TPC_ER_1
	|TPC_ER_0 ( TPCER_1| < [0.01]


