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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 rather than 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 cells in which compatibility with PS is not an issue, while a guard band essentially means that a part of the spectrum cannot be used. Indeed, in [2] it is advised that the network does not allocate any UE transmit carrier frequency that belongs to the guard band in order to protect upper public safety (851-859 MHz).
Figure 1 shows the structure of the power restrictions. For cells in which coexistence with PS necessitates reduced Band XXVI emissions, the maximum UE power should be capped at PM,low for carrier frequencies FC  <  Flow to ensure compliance with the -42 dBm/6.25kHz limit, at PM,high for FC  > Fhigh to ensure compliance with the -53 dBm/6.25kHz limit, while full power can be allowed for carrier frequencies Flow ≤ FC  ≤ Fhigh. Hence this allows full use of the Band XXVI spectrum, but with the power restricted in parts of the UL band in some cells. The power restrictions are set by the worst-case channel assignments at the band edges. 
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Figure 1: the structure of the power restrictions.
In practice, the "Maximum allowed UL TX power" could be reduced gradually, e.g. from full power at FC  = Fhigh down to PM,high at the upper band edge. The step-wise behavior in Figure 1 is proposed in order to simplify conformance testing. However, in a deployment, "Maximum allowed UL TX power" > PM,high could be used for allocations above 845 MHz covering Block B, for example.
For the 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 2. For any offset of the center frequency of the two assigned channel frequencies for DC to the protected PS band, SC operation should also be possible at either of the two UL channels using the same allowed UE TX power.
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Figure 2: SC and DC operation at the lower edge of Band XXVI.

This contribution is an update of [3]; the aim is to give further background to the power restrictions proposed in the companion CR [4].
2 Power restriction for worst-case allocations

First we consider the power restriction needed for the worst-case allocations at the lower and upper edge of the band. We assume that the PA is calibrated for ACLRUTRA = 33 dB for the CM = 1 waveform in clause 6.2.2 of 25.101. 
2.1 Single carrier

We use the challenging sub-test 4 in Test 5.2.B (Table C.11.1.3 in 34.121) for setting the power limits for single carrier. Results for this waveform are shown in Figure 3. The power must be reduced to +15 dBm to meet the -53 dBm/6.25kHz limit at 4.5 MHz offset (protected range 851-859 MHz), and +19 dBm to meet the -42 dBm/6.25kHz limit at 3 MHz offset (protected range 806-813.5 MHz).
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Figure 3: E-DCH sub-test 4 at different power levels.
Measurements have been carried out on two devices with different platforms, “Device A” and “Device B” that support Band V. The results shown below are not shown in absolute scale (due to attenuation between the DUT and the test instrument), so we look at the attenuation achieved at the required offsets. In order to meet the -42 dBm/6.25kHz and -53 dBm/6.25kHz limits the attenuations (PSD) must be
· (+24 – 28) – (-42) = 38 dB (-42 dBm/6.25kHz with a minimum offset of 3 MHz)

· (+24 – 28) – (-53) = 49 dB (-53 dBm/6.25kHz with a minimum offset of 4.5 MHz)

at full nominal power +24 dBm, the corresponding numbers at +15 dBm output power are 29 dB and 40 dB (the emission limit is the fixed reference). Figure 4 displays the results for the devices measured at the high channel position; both devices meet the required 40 dB attenuation at 851 MHz (Test 5.2B in 34.121 has been used). The Band V duplexer rejection at 851 MHz is marginal if any at all.
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Figure 4: E-DCH sub-test 4 for Device A at +15.2 dBm (left) and Device B at +14.6 dBm (right).
The power restriction must be sufficient for any type of waveform. For the spurious emissions tests in the conformance specifications, the R99 12.2 kbps waveform is used. Figure 5 shows the results for three different power levels up to +23 dBm. The emissions limits are met at the required offsets for both +15 dBm and +19 dB.
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Figure 5: Rel-99 RMC at three different power levels.
The PA behaviour at large power reductions can differ significantly due to different front-end characteristics and possible use of input-signal tracking. Measured results are shown in Figure 6 for for Device A  at +13 and +15 dBm, and in Figure 7 for Device B at +15 dBm and +19 dBm. First we note that the unwanted emissions are significantly lower for Device B at +15 dBm output power, although both devices exceed the required attenuation of 41 dB at 851 MHz. Similarly, both devices exceed the required attenuation of 29 dB at 813.5 MHz (results for Device A not shown).
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Figure 6: Rel-99 RMC for Device A at +12.6 dBm (left) and +15 dBm (right).
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Figure 7: Rel-99 RMC for Device A at +12.6 dBm (left) and +15 dBm (right).
Hence both the simulations and measurements inidcate that the power limits should be +15 dBm and +19 dBm at the upper and lower edge of Band XXVI, respectively. However, the behaviour at large power reductions can vary. Therefore, we propose to reduce the power at the upper edge down to +13 dBm to leave some margins. Indeed, for the +15 dBm power restriction, the simulated results for the E-DCH sub-test 4 in Figure 3 is at the verge of meeting the requirement at 4.5 MHz offset.
2.2 DC-HSUPA
For DC-HSUPA we use the measurement channels for test 5.2.BA and Table C.11A.1.1 in 34.121 for QPSK and the test for 16QAM using the tentative MPR = 3 dB. The PA is calibrated as for the single carrier case and there is neither power- nor envelope tracking. 
Results for the QPSK waveform are shown in Figure 8. The offset for DC-HSUPA is defined as the frequency separation between the protected band and the UE center frequency of the two assigned channel frequencies. The power must be reduced to +15 dBm to meet the -53 dBm/6.25kHz limit at 9.5 MHz offset (protected range 851-859 MHz), and +19 dBm to meet the -42 dBm/6.25kHz limit at 8 MHz offset (protected range 806-813.5 MHz). We observe that there is ample margin for the +19 dBm power restriction at the lower edge of the band, while the +15 dBm at the upper edge is just at the verge of meeting the requirement at the minimum offset. 
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Figure 8: DC-HSUPA with QPSK RMC.
Results for the 16QAM waveform are shown in Figure 9. For this case there is also ample margin for the +19 dBm power restriction at the lower edge of the band, while the +15 dBm power restriction at the upper edge is just at the verge of meeting the -53 dBm/6.25kHz limit at the minimum 9.5 MHz offset. 
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Figure 9: DC-HSUPA with 16QAM RMC.

It is anticipated that the waveforms shown in Figure 8 and Figure 9 will be used for conformance testing. In order to account for the behavior when power- or envelope tracking is used, we propose to reduce the power restriction at the upper edge to a tentative +13 dBm, while keeping a tentative +19 dBm at the lower edge. This could also account for the fact that for a real deployment, the requirement must also be met with unequal power on the two carriers.
3 Frequency range for restrictions

Next we consider the frequency range Flow ≤ FC  ≤ Fhigh for which full power can be used. 

3.1 Single carrier
Turning first to the upper edge, we observe from the simulated results in Figure 3 and Figure 4 that the -53 dBm/6.25kHz limit would be met at an offset of 8.5 MHz, which would allow full power operation up to Block B, hence Fhigh = 842.5 MHz. This would correspond to the guard bands discussed in [2], the proposed guard band is 10 MHz (Fhigh = 841 MHz). However, it appears that an 8.5 MHz is sufficient with some margin.
Measured results for Device A at full power for E-DCH sub-test 4 are shown in Figure 10, it is noted that the requirement is met at a 5 MHz offset with margins (the attenuation at 5 MHz offset exceeds 50 dB).
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Figure 10: E-DCH sub-test 4 with Device A at 20.5 dBm (MPR in use).
Measured results for Device A and Device B at full power for Rel-99 RMC are shown in Figure 11, it is noted that the requirement is met at a 5 MHz offset with margins (the attenuation at 5 MHz offset also exceeds 50 dB).
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Figure 11: Rel-99 RMC for Device A at +23.8 dBm (left) and +23.3 dBm (right).

Turning next to the lower edge, we observe from the simulated results in Figure 3 and Figure 4 that the -42 dBm/6.25kHz limit would be met at an offset of 6 MHz with ample margin. The measured results in Figure 10 and Figure 11 show that both devices meet the required attenuation of 38 dB at this offset.
For single carrier operation we propose Flow = 819.5 MHz and Fhigh = 842.5 MHz.

3.2 DC-HSUPA 

Turning first to the upper edge, we observe from the simulated results in Figures 8 and 9 that the -53 dBm/6.25kHz limit would be met at an offset of 20 MHz with good margin, which would allow full power DC-HSUPA operation in Block A; hence Fhigh = 831 MHz (the UE center frequency of the two assigned channel frequencies). This should be compared to the guard band of 22 MHz proposed in [2]. 

Next, we turn to the upper edge and observe from the simulated results in Figures 8 and 9 that the -42 dBm/6.25kHz limit would be met at an offset of 12.5 MHz. This would allow full power DC-HSUPA operation in Block A; hence Flow = 826 MHz (the UE center frequency of the two assigned channel frequencies). This should be compared to the guard band of 15 MHz proposed in [2]. 
For DC-HSUPA operation we propose a tentative Flow = 826 MHz and Fhigh = 831 MHz. This means that DC-HSUPA operation would be possible with full power in Block A also in cells in which the PS emission limits must be met.
4 Comparison to the Band 38 case
Power restrictions are already specified for Band 38 and E-UTRA carriers overlapping with the restricted block 2615-2620 MHz so there is precedence in the specifications. For that case the restriction is specified as PEMAX = +20 dBm for UE(s) to comply with a -15.5 dBm/5MHz limit for protection of Band 7 RX. However, this restriction appears not sufficient without imposing additional constraints on the UE design, and a reduction to PEMAX = +19 dBm is therefore proposed in [5]. It is interesting to compare to this E-UTRA case in terms of behaviour of unwanted emissions as the configured output power is reduced, the margins to the requirements assumed, and the conformance test method to be used.
The behaviour of emissions first: it is observed in [5] that the ACLR does not improve as quickly with decreased TX power as would be predicted by a third order nonlinearity. The measurements in [5] are carried out with a 25 RB UL allocation and the measurement bandwidth for the emissions limit is 5 MHz, similar to the measurement bandwidth for ACLRUTRA. This implies that the emissions should decrease slowly in line with the modest ACLR increase as PEMAX is decreased; indeed, this is the case for TX powers above +17 dBm as shown in Figure 12 borrowed from [5]. The change of characteristics at lower power illustrates the difficulty of predicting the behaviour at larger power reductions, which may be due to PA characteristics or use of PA input-signal tracking. 
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Figure 12: UE emissions as a function of the TX power (from [5]).
Similarly, comparing the results for the Rel-11 RMC at +13 dBm and +15 dBm output power in Figure 7 and the results at full power in Figure 11 indicates that the ACLR does not improve as expected with decreased power. Again, this may be due to PA characteristics or use of PA input-signal tracking. 
Next we observe that the margin to the -15.5 dBm/5MHz requirement is small for results displayed in Figure 12: of the order of 0.5 dB. In particular, we note that the output power tolerance +2/-3.5 dB at PEMAX = +19 dBm is not considered in deriving the power restriction; the tolerance is indeed part of the conformance test.
The margins for the power restriction required for compliance with the PS spurious emission limits proposed herein are larger. In fact, for the Band 38 case a reduction to +18 dBm would also be justified in view of the small margin at +19 dBm. Indeed, neither the Band 38 nor the Band XXVI power restrictions should pose any additional design constraints on the UE.
The conformance test is a measurement of spurious emissions; the primary purpose is not to verify that the UE output power does not exceed the power restriction, but rather that the emissions limits are not exceeded with the appropriate “Maximum allowed UE TX power” configured. 
5 Power restrictions in conformance testing
Verification of the power restrictions for Band 38 and Band XXVI can be carried out in the same way.

5.1 Test configuration

For measuring E-UTRA spurious emissions, the following steps are taken after set up of the test:
1. send continuously uplink power control “up” commands in every uplink scheduling information to the UE until the UE transmits at PUMAX level.
2. measure the power of the transmitted signal with the appropriate measurement filter of bandwidths (5 MHz in the Band 38 case).
The tolerance of PUMAX should be accounted for when deciding if the final PUMAX level is appropriate. When PEMAX = +19 dBm is configured, the tolerance for PUMAX is +2/-3.5 dB according to 36.101. 
For E-UTRA spurious emissions, similar steps:

1. set and send continuously Up power control commands to the UE until the UE output power shall be at maximum level

2. measure the average power of spurious emission.
The maximum level is measured with the IE "Maximum allowed UL TX power" configured. The tolerance at the final level attained should at least be consistent with that for the power headroom tolerance:
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 test time, it should be sufficient to verify the -42 dBm/6.25kHz requirements for the 813.5 MHz case for which the offset to the protected band is the smallest; there is no or limited additional duplex filter rejection at 806-813.5 MHz. For the 6.25kHz measurement bandwidth, the measurement shall be sufficiently power averaged to ensure standard standard deviation < 0.5 dB just as for the Band 13 requirements. 
5.2 Reference measurement channels

The reference channels should be the same as for the standard spurious emissions tests in 34.121-1 as detailed in Clause 5.11 for SC (the generic call setup procedure in 34.108 sub clause 7.3.2) and Clause 5.11A for DC-HSUPA (Annex C.2.6 and C.11A). MPR would not apply for the power restrictions proposed.

6 Proposal
The following changes are proposed for 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 ≤  819.5 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 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 ≥ 842.5 MHz the IE "Maximum allowed UL TX power" shall be indicated and set to +13 dBm.
NOTE 4:
Applicable for UE center frequencies ≤ 846.5 MHz. For UE center frequencies ≥ 842.5 MHz the IE "Maximum allowed UL TX power" shall be indicated and set to +13 dBm.
NOTE 5:
For the 6.25kHz measurement bandwidth, the emissions measurement shall be sufficiently power averaged to ensure standard standard deviation < 0.5 dB.


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 ≤ [826] 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 ≥ [831] 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 ≥ [831] MHz the IE "Maximum allowed UL TX power" shall be indicated and set to [+13] dBm.
NOTE 5:
For the 6.25kHz measurement bandwidth, the emissions measurement shall be sufficiently power averaged to ensure standard standard deviation < 0.5 dB.
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