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1 Introduction

Power control of uplink channels is defined via the following formulae in TS 36.213 for PUSCH, PUCCH, SRS and PRACH respectively:
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PPRACH = min{Pmax,  PREAMBLE_RECEIVED_TARGET_POWER + PL}

In all of these procedures, the term “PL” is utilised and is currently defined as:

· PL is the downlink pathloss estimate calculated in the UE

The averaging period and bandwidth for this term are not defined which could give rise not only to undesirable variability of UE implementation but also to unintended performance degradation, most notably in the case of TDD.
In this paper we discuss our understanding of the principles that should be employed by the UE when estimating the PL term in order to ensure satisfactory network performance.  It is not clear whether anything could or should be written into the physical layer specifications (e.g. 36.213) to better define these principles.  However it is clear that verification is required to ensure correct UE operation.  We therefore suggest some text for a draft LS that could be sent to RAN WG4 to clarify the intended operation such that appropriate performance requirements may be defined.

2 Discussion

2.1 Time Domain Averaging

The pathloss estimates used in the above power control procedures constitute a feed-forward component to the loop.  Denoting the downlink pathloss estimate as used on sub-frame n as 
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 and the actual pathloss experienced by the uplink channel on sub-frame n as PLUL(n) then the feed-forward loop error (observed in the received signal level at the eNB) is simply:
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Performance is dependent on the variance of the loop error and is a function of the degree of correlation between the variables.

1. When 
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 is equal to (i.e. fully correlated with) PLUL(n),
Var{e(n)} = 0   (low variance)
2. When 
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 has a small-scale local variance with respect to PLUL(n) [i.e. slow power control],
Var{e(n)} = Var{PLUL(n)}  (medium variance)
3. When 
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 and PLUL(n) are uncorrelated variables,
Var{e(n)} = Var{
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} + Var{PLUL(n)}  (high variance)
For FDD, due to the absence of any correlation in the fast fading between uplink and downlink channels, it is commonly assumed that 
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 is an estimate of the average of the downlink pathloss.  This would correspond to case (2) above.  However, the period over which the averaging is performed should not be excessively long as this introduces unnecessary loop delay which can result in inappropriate adjustment of the power and in the system being unresponsive to shadow fading variations.

Conversely, for TDD, the uplink and downlink channels are often well correlated, especially for low and medium speeds.  In this case, the use of an averaged estimate of the downlink pathloss results in a performance degradation compared to the case in which the instantaneous (unfiltered) pathloss estimate is used.  The general situation is summarised in table 1.

Table 1 – Loop Error Variances

	Pathloss Estimate
	Channel Speed (FDD)
	Channel Speed (TDD)

	
	Slow
	Fast
	Slow
	Fast

	Averaged
	Med Variance
	Med Variance
	Med Variance
	Med Variance

	Instantaneous
	High Variance
	High Variance
	Low Variance
	High Variance


Thus, for FDD an averaged pathloss estimate should be used whereas for TDD:

· There is a performance loss at low/medium speeds associated with the use of an averaged pathloss estimate

· There is a performance loss at high speed associated with the use of an instantaneous pathloss estimate

In order to avoid these issues, a suitable TDD UE implementation needs to take into account the degree of correlation between the latest sub-frame on which the downlink pathloss was estimated and the pathloss for the uplink sub-frame in which the estimate is applied (see the example of Figure 1).  When this correlation is high, little or no filtering should be applied to the pathloss estimate.  When the correlation is low, filtering sufficient to average over the fast fading of the channel should be employed, as is assumed for FDD.  The UE has information available from the downlink common reference signals to determine the degree of correlation.
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Figure 1 – Example of application of pathloss estimate for UL power control in TDD
2.2 Frequency Domain Averaging

In addition to the issues concerning time domain averaging, the frequency resources on which the downlink pathloss is estimated are also not currently defined in TS 36.213.

Due to the absence of correlation between uplink and downlink it would seem beneficial for an FDD UE to average the downlink pathloss across the whole system bandwidth, irrespective of the assigned uplink resources.  This helps to reduce the variability of the time-local mean pathloss estimate without further extending the time domain averaging period.

For TDD however, when there is good time-domain correlation between the sub-frame on which the downlink pathloss is estimated and the pathloss on the used uplink sub-frame, the UE should formulate the downlink pathloss estimate using the same frequency resources as are occupied by the uplink transmission.

Thus, there is also the frequency domain aspect to consider and to verify correct implementation in the UE for both FDD and TDD.

3 Conclusion

The pathloss term as used in the uplink power control formulae of TS 36.213 is not defined in terms of the time period over which the estimate is made, and the frequency resources used.  The situation is different for FDD and TDD.  In order to preserve flexibility of UE implementation, it may be difficult to specify an exact procedure in the physical layer specifications, although it is possible that guidance could be added in some way to TS 36.213.

It is however felt to be important that correct UE implementation is verified via appropriate testing in order to avoid unpredictability of UE behaviour and its associated network performance degradation.  It is also important that the benefits of reciprocity are realised for TDD.
Under the assumption that the principles for the UE behaviour described in section 2 represent a common view in RAN WG1, we propose to inform RAN WG4 of these such that they can take them into account when formulating the appropriate performance requriements.  Text for this draft LS can be found in Annex A.
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1. Overall Description:

RAN WG1 has discussed the principles of downlink pathloss estimation in the UE in the context of the uplink power control formulae for PUSCH, PUCCH, SRS and PRACH as currently defined in TS 36.213.

RAN1 is aware that the extent of time domain and frequency domain averaging of the pathloss estimates in the UE can affect performance.  Furthermore, RAN WG1 has identified that the degree and nature of the filtering may not be the same for FDD and TDD modes.  In the TDD mode, the benefits of reciprocity should be used where available.
In order to avoid unpredictable UE power control behaviour and to ensure that the network performance benefits of reciprocity are retained where possible, RAN1 would like to state its understanding of the principles for estimation of the downlink pathloss term such that these may be taken into account when setting appropriate performance requirements.
· In the case of FDD or half-duplex FDD

· The UE should apply appropriate time domain averaging or filtering to the downlink pathloss estimates in order to account for the absence of short-term correlation between uplink and downlink pathlosses

· the downlink pathloss should be estimated across the full system bandwidth

· In the case of TDD

· the UE should respond to the degree of short-term correlation between the most recent downlink sub-frame used for pathloss estimation and the sub-frame of interest for the uplink transmission

· appropriate time and frequency domain averaging or filtering should be applied to the downlink pathloss estimates according to the estimated degree of short term correlation such that:

· when the degree of short term correlation is deemed by the UE to be high, time domain averaging or filtering is not applied and the downlink pathloss is estimated only over the frequency resources occupied by the uplink transmission

· when the degree of short term correlation is deemed by the UE to be low, time domain averaging or filtering is applied and the downlink pathloss is estimated across the full system bandwidth

2. Actions:

RAN WG1 kindly ask RAN WG4 to take the above into account when setting appropriate performance requirements.
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