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1. Introduction 

In this contribution, we discuss the impact of narrowband allocations on the maximum UE power requirement. It is suggested that certain relaxation should be applied in the cases when the uplink assigned bandwidth is small.  
2. Discussion 

The current UE Tx maximum power requirements [1] are repeated below. 

Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1
(dBm)
	Tolerance

(dB)
	Class 2
(dBm)
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(dB)
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(dBm)
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(dB)
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	Note 

1. The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support  5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS


As it can be seen, the currently defined maximum power requirement is the same as the WCDMA Class 3b requirement and it is similar to the WCDMA Class 3 requirement. 

It is desirable to enable reusing WCDMA RF components, such as PAs, duplexers in LTE UEs. Since the maximum power requirements are similar between WCDMA and LTE, this goal is seemingly supported. As long as the allocated LTE UL bandwidth is close to 3.84MHz (about 20RBs), or greater, the maximum power requirements between WCDMA and LTE are indeed close to identical.  
The same doesn’t hold for narrower UL allocations.  While the PA output power is not expected to vary according to the BW allocation in any significant way (when ignoring MPR), there is a difference in the effect of the spectrum ripple in the duplexer transfer function.  The transfer function will experience less frequency averaging when the UL allocation is narrower; therefore there is more uncertainty in the actual transmit power.    
In the following, we repeat the current requirements [1] for UE spectrum flatness.
Table 6.5.2.4.1-1: Minimum requirements for spectrum flatness (normal conditions)

	Spectrum Flatness 
	Relative Limit (dB)

	If FUL_measurement  -  FUL_low ≥ [3MHz]

and

If FUL_high -  FUL_measurement  ≥ [3 MHz]
	[+2/-2]

	If FUL_measurement  -  FUL_low < [3 MHz]

and

If FUL_high -  FUL_measurement  < [3 MHz]
	[+3/-5]

	Note

1. FUL_low and FUL_high refers to each E-UTRA frequency band specified in Table 5.2-1
2. FUL_measurement  refers to frequency tone being evaluated



As it can be seen, there can be a significant variation in the duplexer transfer function, especially when the narrow band allocation is close to the band edge (closer than 3MHz). 
With wider band UL allocation, the duplexer spectrum ripple would go through some averaging, which would alleviate the impact on the output power uncertainty.  This is always the case for WCDMA. 
Note that wider vs. narrower band allocation refers to the uplink transmission bandwidth, as opposed to the uplink transmission bandwidth configuration; so narrower band allocations can occur always, even in wide band LTE systems.  

It further aggravates the problem that while in the case of WCDMA, there is always at least a (5MHz-3.84MHz)/2 = 580kHz implied guardband between the UL signal and the band edge; in the case of LTE, this implied guardband can be as small as (1.4MHz-1.08MHz)/2 = 160kHz.  The lesser the distance to the band edge, the more prevalent the spectrum ripple is expected to be.  
2.1. Proposed Solutions

Based on the discussion above, we suggest that the maximum output power tolerance should be relaxed for narrow BW allocations.  
If the frequency averaging effect was completely ignored, then we would have +3/-5dB error margin due to the spectrum ripple in addition to the +2/-2dB existing error margin.  This would give +5/-7dB error in the worst case.  This would clearly be a significant error source; therefore we should study the possibility of applying a tighter error limit.  Factors that can justify a tighter error limit are the following: 

1. In the existing error +2/-2dB error limit, some margin was already due to spectrum ripple, which would be double counted if we were to add the full spectrum flatness error margin

2. Even with the smallest allocation of 1RB, there is some frequency averaging, the effect of which should be considered

3. Low likelihood of simultaneous occurrence of worst case scenarios for different error sources

4. We can have different maximum power error limits at the band edge compared to the middle of the band.  This would complicate the specification though.   
Further consideration should be given to observing the upper limit of the maximum UE transmit power due to regulatory reasons. If the UE is not to exceed 25dBm (23dBm+2dB) total transmit power irrespective of the allocated BW, then the UE may have to reduce its output power when small number of RBs is allocated.  In this case, the relaxed error window would also have to be biased downwards. 

3 Conclusions

We have discussed the problem of reduced frequency averaging of the maximum transmit power in case of narrow BW allocations.  It is proposed that relaxation should be applied to the maximum power requirement in the case of narrow BW allocations, especially for allocations at the band edge.  If the need for such relaxation is agreed to in principle then the details should be further studied.  
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