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1 Background
In [1] it was proposed to improve the utilization of Band XXVI by limiting the allowed UL TX power at the band edges in order to meet the unwanted emissions requirements for protection of Public Safety instead of assigning guard bands. For UTRA, the UL power can be limited by configuring the IE "Maximum allowed UL TX power" similar to the PEMAX for E-UTRA. 

The power limitation implies a reduction of uplink coverage but may not been needed in all cells when the local PS coexistence scenario allows, while a guard band essentially means that a part of the spectrum is not used. This contribution is an update of [2]; the aim is to give a background to the power restrictions proposed in a companion CR [3]. 
We reiterate that the power restrictions proposed do not to impose additional constraints on UE design, but rather provides guidance for Band XXVI deployment in areas where UTRA has to coexist with Public Safety or other similar narrowband services.
2 Maximum allowed UL TX power for SC 

First we look at the frequency separations from the protected bands needed to allow UTRA operation at full power in cells where there are potential PS compatibility problems. This separation corresponds to the guard band. The results herein are based on the results in presented in [4] with additional margins to accommodate a larger set of possible UTRA waveforms. 

For SC, UL TX power restrictions should be applicable for center frequencies 

· above [851-9] MHz w r t the -53 dBm/6.25kHz limit above 851 MHz (9 MHz guard band)

· below [813.5 + 6.5] MHz w r t the -42 dBm/6.25kHz limit below 813.5 MHz (6.5 MHz guard band)
· below [816 + 6.5] MHz w r t the -42 dBm/6.25kHz limit below 816 MHz (6.5 MHz guard band)
Comparing to the results in [5], we note that guard bands of 10 MHz and 6 MHz were proposed above and below the band, respectively. 
The power restriction is configured as shown below (from 25.331),
10.3.6.39
Maximum allowed UL TX power
This information element indicates the maximum allowed uplink transmit power.

	Information Element
	Need
	Multi
	Type and reference
	Semantics description

	Maximum allowed UL TX power
	MP
	
	Integer(-50..33)
	In dBm


thus indicated as an integer value. 
Proposed power limitations for SC are shown Table 1, assuming guard bands required for full-power operation as given above. CM and MPR are not considered, these apply at maximum output power (power class).
Table 1: UL power limitation for SC
	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	XXVI
	806 MHz  f  813.5 MHz
	6.25 kHz
	-42 dBm (NOTE 1)

	
	806 MHz  f  816 MHz
	6.25 kHz
	-42 dBm (NOTE 2)

	
	852 MHz  f  859 MHz
	1 MHz
	-32 dBm (NOTE 3)

	
	851 MHz  f  859 MHz
	6.25 kHz
	-53 dBm (NOTE 4)

	NOTE 1:
Applicable for UE center frequencies ≥ 816.5 MHz. For UE center frequencies ≤ [820] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 2:
Applicable for UE center frequencies ≥ 819.5 MHz. For UE center frequencies ≤ [822.5] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 3:
Applicable for UE center frequencies ≤ 846.5 MHz. For UE center frequencies ≥ [842] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+15] dBm.
NOTE 4:
Applicable for UE center frequencies ≤ 846.5 MHz. For UE center frequencies ≥ [842] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+15] dBm. 


We observe that deployment up to 845 MHz (upper Cellular Block B) is not possible at full power. For a carriers centered at 845 – 2.5 MHz the UL power should be limited to [+21] dBm in order to meet the -53 dBm/6.25kHz limit above 851 MHz. 

Figure 1 shows the structure of the requirements, with requirements as proposed in Table 1 indicated for the case in which PS UL protection is required below 813.5 MHz. The power limits are set by the worst-case channel assignments. Flow = 820 MHz and Fhigh = 842 MHz denote the upper and lower limits within which full power carriers can be accommodated, respectively. 

[image: image1]
Figure 1: the structure of the requirements for SC.
Simulated results for SC are shown in Figure 2 for a Rel-99 waveform at +15 dBm and +19 dBm output power levels. 
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Figure 2: simulated Rel-99 waveform.

The requirements -42 dBm/6.25kHz and -53 dBm/MHz apply at 3 MHz and 4.5 MHz offsets from the carrier frequency, respectively. The emission levels do not exceed -58 dBm/6.25 kHz and -49 dBm/6.25 kHz in the region of applicability relevant for the +15 dBm and +19 dBm levels, respectively. No additional duplexer losses are accounted for.

Simulations for a more challenging HSUPA waveform (Table C.11.1.3 Sub-test 4, Clause C.11.1 in 34.121-1) are shown in Figure 3 for +15 dBm and +19 dBm output power levels.
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Figure 3: simulated HSUPA waveform.
The emission levels do not exceed -54 dBm/6.25 kHz and -44 dBm/6.25 kHz in the region of applicability relevant for the +15 dBm and +19 dBm signals, respectively.

Measured results for a Rel-99 waveform measured on a Band V device are shown to give at least one measured sample. The results displayed in Figure 4 are for a +19 dBm target output power at an UL frequency of 835 MHz. The aim is to measure the emissions at a 3 MHz offset from the carrier frequency in such a way that the Band V duplexer will not give additional attenuation (this would be the case should the carrier be assigned near 816 MHz where the actual Band XXVI requirement applies). Note that the power scale on the spectrum plot in Figure 4 is only relative (there is attenuation between the spectrum analyzer and the DUT antenna port), the actual measured output power is +18.6 dBm. The power levels should be shifted ~ +15 dB for this setting, and the marker reading therefore shows around -42 dBm/100kHz + 15 dB actual power (2.5 MHz offset). At 3 MHz offset from the carrier frequency, the actual emissions are ~ -47 dBm/6.25kHz, so there is a 5 dB margin to the requirement. 
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Figure 4: measured +18.6 dBm Rel-99 waveform centred at 835 MHz.
The results displayed in Figure 5 are for a +15 dBm target output power at UL frequency 846.4 MHz. The aim is to measure the emissions at a 4.5 MHz offset from the carrier frequency. Neither a Band V nor a Band XXVI duplexer supplies any additional rejection at this offset. The actual measured output power is +14.5 dBm. The power level should be shifted ~ +12 dB for this setting, and the marker reading therefore shows around -57dBm/100kHz + 12 dB actual power. At 4.5 MHz offset from the carrier frequency the actual emissions are ~ -57 dBm/6.25kHz, 4 dB below the limit.
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Figure 5: measured +14.5 dBm Rel-99 waveform centred at 846.4 MHz.
For this sample, the measured results are quite aligned with the simulations in Figure 2, although the PA model is not based on the PA used in the device measured.
3 Maximum allowed UL TX power for DC-HSUPA

For the corresponding DC-HSUPA requirements, the configured allowed UE TX power should be specified such that a single value could be used for both SC and DC given a certain offset to the PS deployment, e.g. below 813.5 or 816 MHz, see Figure 6. For the offset to the center frequency of the two assigned channel frequencies for DC in Figure 6, SC operation should also be possible at either of the two UL channels using the same allowed UE TX power.

[image: image6]
Figure 6: SC and DC operation at the lower edge of Band XXVI.
Examples of DC-HSUPA waveforms with different power levels are shown in Figure 7. The required frequency separation for full-power operation is around 19 MHz with respect to the center frequency of the two assigned channel frequencies for the -53 dBm/6.25kHz limit, 10 MHz for the -42 dBm/6.25kHz limit. 
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Figure7: frequency separation for DC-HSUPA at full power.
For DC, UL TX power restrictions should be applicable for center frequencies 

· above [851-19] MHz w r t the -53 dBm/6.25kHz limit above 851 MHz (19 MHz guard band)

· below [813.5 + 10] MHz w r t the -42 dBm/6.25kHz limit below 813.5 MHz (10 MHz guard band)

· below [816 + 10] MHz w r t the -42 dBm/6.25kHz limit below 816 MHz (10 MHz guard band)
Comparing to the results in [5] for DC, we note that guard bands of 22.5 MHz and 14.5 MHz (with respect to the center frequency of the two assigned carriers) were proposed above and below the band, respectively. Looking at the results in Figure 3, these guard bands considerable larger and suggests either significant margins or different front-end characteristics.  

Table 2 shows the results for DC. The power limitations indicated also allow SC operation at one of the assigned carriers. 
Table 2: UL power limitation for DC 
	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	XXVI
	806 MHz  f  813.5 MHz
	6.25 kHz
	-42 dBm (NOTE 1)

	
	806 MHz  f  816 MHz
	6.25 kHz
	-42 dBm (NOTE 2)

	
	852 MHz  f  859 MHz
	1 MHz
	-32 dBm (NOTE 3)

	
	851 MHz  f  859 MHz
	6.25 kHz
	-53 dBm (NOTE 4)

	NOTE 1:
Applicable for a UE centre frequency of the two assigned channel frequencies ≥ 819 MHz. For such UE centre frequencies ≤ [823.5] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 2:
Applicable for UE centre frequency of the two assigned channel frequencies ≥ 822 MHz. For such UE centre frequencies ≤ [826] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 3:
Applicable for UE centre frequency of the two assigned channel frequencies ≤ 844 MHz. For such UE centre frequencies ≥ [832] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+13] dBm.
NOTE 4:
Applicable for UE centre frequency of the two assigned channel frequencies ≤ 844 MHz. For such UE centre frequencies ≥ [832] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+13] dBm.


For a center frequency at 845 – 5 MHz the UL power should be limited to [+17] dBm in order to meet the -53 dBm/6.25kHz limit above 851 MHz.
4 In the 25.101
The following changes are needed in 25.101 
6.6.3.1.1
Additional requirement
The UE shall meet the requirements in Table 6.13a for the applicable band.
Table 6.13a: Additional spurious emissions requirements
	
	
	
	
	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	XXVI
	806 MHz ( f ( 813.5 MHz
	6.25 kHz
	-42 dBm (NOTE 1)

	
	806 MHz ( f ( 816 MHz
	6.25 kHz
	-42 dBm (NOTE 2)

	
	852 MHz ( f ( 859 MHz
	1 MHz
	-32 dBm (NOTE 3)

	
	851 MHz ( f ( 859 MHz
	6.25 kHz
	-53 dBm (NOTE 4)

	NOTE 1:
Applicable for UE center frequencies ≥ 816.5 MHz. For UE center frequencies ≤ [820] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 2:
Applicable for UE center frequencies ≥ 819.5 MHz. For UE center frequencies ≤ [822.5] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 3:
Applicable for UE center frequencies ≤ 846.5 MHz. For UE center frequencies ≥ [842] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+15] dBm.
NOTE 4:
Applicable for UE center frequencies ≤ 846.5 MHz. For UE center frequencies ≥ [842] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+15] dBm.


6.6.3.1A
Additional requirement for DC-HSUPA
< text omitted >

6.6.3.1A.1
Additional requirement for DC-HSUPA

The UE shall meet the requirements in Table 6.13B for the applicable band.
Table 6.13B: Additional spurious emissions requirements with a guard band
	
	
	
	
	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	XXVI
	806 MHz ( f ( 813.5 MHz
	6.25 kHz
	-42 dBm (NOTE 1)

	
	806 MHz ( f ( 816 MHz
	6.25 kHz
	-42 dBm (NOTE 2)

	
	852 MHz ( f ( 859 MHz
	1 MHz
	-32 dBm (NOTE 3)

	
	851 MHz ( f ( 859 MHz
	6.25 kHz
	-53 dBm (NOTE 4)

	NOTE 1:
Applicable for a UE center frequency of the two assigned channel frequencies ≥ 819 MHz. For such UE center frequencies ≤ [823.5] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 2:
Applicable for UE center frequency of the two assigned channel frequencies ≥ 822 MHz. For such UE center frequencies ≤ [826] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+19] dBm.
NOTE 3:
Applicable for UE center frequency of the two assigned channel frequencies ≤ 844 MHz. For such UE center frequencies ≥ [832] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+13] dBm.
NOTE 4:
Applicable for UE center frequency of the two assigned channel frequencies ≤ 844 MHz. For such UE center frequencies ≥ [832] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+13] dBm.


5 In the conformance test specification 36.521-1
For verifying the requirement the IE “Maximum allowed UL TX power” is configured with the specified power limitation. Then it should be verified that
· the emission limit is met

· at a UE output power within reasonable limits: below the power limitation but should not be “OFF”
For the latter, the open loop power-control requirements could do even if the tolerance ±9 dB is very large. The intent is not to show that the UE is using a certain maximum A-MPR like for LTE, but rather to verify that the emission limit is met with the power limitation configured. In practice, the UE will most likely exhibit an output power accuracy consistent with that for the power headroom tolerance when the “Maximum allowed UL TX power” is configured (cf. Pcmax for E-UTRA):
9.1.13.4
UE transmission power headroom measurement report accuracy

The accuracy requirements for UE transmission power headroom depends on the total power transmitted by the UE. Table 9.34B defines the accuracy of the measured quantity.

Table 9.34B

	Total UE output power value (dBm)
	UPH reporting accuracy(dB) (note 1)

	25<= total output power <34
	note 2

	24<= total output power <25 
	±2.0

	23<= total output power <24 
	±2.0

	22<= total output power <23
	±2.0

	21<= total output power <22
	±2.0

	20<= total output power < 21
	±2.5

	19<= total output power <20
	±3.0

	18<= total output power <19
	±3.5

	17<= total output power <18
	±4.0

	16<= total output power <17
	±4.0

	15<= total output power <16
	±4.0

	14<= total output power <15
	±4.0

	13<= total output power <14
	±4.0 (power class 4)

±6.0 (power class 3)

	12<= total output power <13
	±4.0 (power class 4)

±6.0 (power class 3)

	11<= total output power <12
	±4.0 (power class 4)

±6.0 (power class 3)

	-50<= total output power <11
	±6.0

	Note 1 :
UPH reporting accuracy is the difference between the UPH reported by the UE and the actual uplink power headroom

Note 2 :
No tolerance is specified.


To limit the testing effort, it is sufficient to verify the -42 dBm/6.25kHz requirements for the 816 MHz case, there is no additional duplex filter rejection at 813.5 MHz. Likewise, it is sufficient to verify the -53 dBm/6.25kHz above the band, the -32 dBm/MHz is the scaled version with the same power restriction and applies above 852 MHz. 
References

1.    R4-131600, “Band XXVI power restrictions for PS coexistence”, Ericsson, ST-Ericsson
3.    R4-133925, “Maximum allowed UL TX power for Band XXVI coexistence with Public Safety”, Ericsson, ST-Ericsson

3.    R4-132244, “Band XXVI: UL power restrictions for PS coexistence”, Ericsson, ST-Ericsson
4.    R4-121708, “Band XXVI: guard bands for PS protection”, Ericsson, ST-Ericsson
5.    R4-130719, “Guard bands for band XXVI additional coexistence requirements”, Qualcomm Incorporated
Band XXVI





5 MHz





5 MHz





Primary (or Secondary) uplink frequency





Secondary (or Primary) uplink frequency





SC-HSUPA





Offset to PS deployment








[image: image8.png]i
~+19dBm ------ |

Tt

}
8135  Fipy Fogn 845 fIMHz




[image: image9.bmp]