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1 Background
At RAN4#66bis 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 that essentially make parts of the spectrum useless [1]. 
The power restrictions are still not agreed by RAN4. Band XXVI is already specified and possible to implement. The intention of the power restrictions is not to impose further requirements on the UE linearity not reflected in the current minimum requirements for Band XXVI, but rather to facilitate coexistence with Public Safety and narrowband services. 

In this contribution, we propose further reductions of the uplink power at the band edge to further reduce the risk that legacy UE(s) compliant with the existing Band XXVI requirements would fail the emissions test. We also take another look at the guard bands needed for operations without power restrictions in cells where coexistence with Public Safety must be accounted for. Details with references to earlier work can be found in [2]. 
2 Overview of the power restrictions 

The UL power can be limited by configuring the IE "Maximum allowed UL TX power" similar to the PEMAX for E-UTRA. 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 below 824 MHz (or lower), and at PM,high for FC  > Fhigh to ensure compliance with the -53 dBm/6.25kHz limit above 851 MHz. Full power can be allowed for carrier frequencies Flow ≤ FC  ≤ Fhigh. 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 governed by the worst-case channel assignments at the band edges. 
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Figure 1: the structure of the power restrictions.
The following power restrictions were proposed in [3]

1. For single-carrier operation, the power should be limited to PM,low = +19 dBm at carrier frequencies FC < Flow = 819.5/822 MHz for protection of Public Safety below 813.5/816 MHz, while it should be limited to PM,high = +13 dBm at carrier frequencies FC > Fhigh = 842.5 MHz for protection of Public Safety above 851 MHz. This latter means that full power can always be used for any channel assignment within Cellular Block B.
2. For DC-HSUPA operation, the power should be limited to PM,low = [+19] dBm at center frequency of the two assigned channel frequencies FC < Flow = [826/828.5] MHz for protection of Public Safety below 813.5/816 MHz, while it should be limited to PM,high = [+13 dBm] at at center frequency of the two assigned channel frequencies   FC > Fhigh = [831] MHz for protection of Public Safety above 851 MHz. This latter means that full power can be used for DC-HSUPA operation in Cellular Block A also in cells in which the PS emission limits must be met.

While the restrictions above are feasible according to measurements and simulations presented in [2], we propose further restrictions in order to further reduce the risk that any legacy UE implementation is failed.

The -42 dBm/6.25kHz measured at an offset of 0.5 MHz from the lower edge of a UTRA carrier cooresponds to an ACLR measurement of
-42 dBm/6.25kHz + 22 dB + 6 dB = -14 dBm/3.84MHz
in the adjacent channel. For a UE compliant with the UTRA_ACLR = 33 dBc requirement, this must be attained at a power level larger than +17 dBm (single-carrier and DC-HSUPA).

The -53 dBm/6.25kHz measured at an offset of 2 MHz from the upper edge of a UTRA carrier cooresponds to 

-53 dBm/6.25kHz + 22 dB + 6 dB = -25 dBm/3.84MHz.

This is at a slighly larger offset than for a standard ACLR requirements, whence we assume that this would be attained at power level of +10 dBm (corresponds to an ACLR of 35 dBc).
We therefore propose that the power restrictions are reduced from +13 dBm to +10 dBm at the upper edge, and from +19 dBm to +17 dBm at the lower edge both for single-carrier and DC-HSUPA operations. This should work for any PA implementation and would not assume that power backoff is used for meeting the requirements. Figure 2 shows the output power measured at the output of a power-level tracking PA for a QPSK DC-HSUPA signal at the top edge of the band. Note that there is no filter rejection in the path. The measured output power is +13.7 dBm, and the emission level at 851 MHz is less than -45 dBm/30 kHz = -52 dBm/6.25kHz at the PA output port. Hence, the requirement -53 dBm/6.25kHz would be met at the antenna port. The reference measurement channel is the same that will be used for veifying MPR at full power.
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Figure 2: QPSK DC-HSUPA measured at the output of a power-level tracking PA.
Next we take a further look at the size of “guard bands” FC  <  Flow and FC  > Fhigh and compare to an earlier study in [4]. 

3 Size of guard bands
Comparing the size of the “guard band” necessary for full-power operation in a Public Safety coexistence scenario between the proposal in [2] and en earlier evaluation in [4], we get the results shown in Table 1.
Table 1: comparison of proposed guard bands

	Requirement
	GB [MHz] from [2]
	GB [MHz] from [4]

	SC -42 dBm/6.25kHz
	8
	7

	DC -42 dBm/6.25kHz
	12.5
	15

	SC -53 dBm/6.25kHz
	8.5
	10

	DC -53 dBm/M6.25kHz
	20
	22


The biggest difference is that for the -42 dBm/6.25 kHz at the lower edge. Figure 2 and Figure 3 show the emissions measured at the output port of a power-level tracking and an envelope-tracking PA, both at 25.7 dBm with a QPSK DC-HSUPA signal. MPR is not applied, and there is no additional filter in the path. The ACLR is 34.3 dB and 38.3 for the power-level tracking and an envelope-tracking PA, respectively.
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Figure 3: power-level tracking PA at 25.7 dBm output power.
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Figure 3: envelope tracking PA at 25.7 dBm output power.

From Figure 3 we observe emissions levels less than -35 dBm/30kHz and -45 dBm/30kHz at 12.5 and 20 MHz offsets, respectively. This is without any MPR or additional filter rejection. These measurements also indicate that the guard bands for DC proposed in [2] are sufficient.

4 Modified proposal
The proposal in [2] is modified as follows: the power limits are reduced as described above, and the guard bands and the applicable UL EARFCN are adjusted to fit the standard 200 kHz raster and the UL carrier frequency limits for Band XXVI:

1. For single-carrier operation, the power should be limited to PM,low = +17 dBm at carrier frequencies FC < Flow = 819.6/822 MHz for protection of Public Safety below 813.5/816 MHz, while it should be limited to PM,high = +10 dBm at carrier frequencies FC > Fhigh = 842.4 MHz for protection of Public Safety above 851 MHz. The latter means that full power can always be used for any channel assignment within Cellular Block B.

2. For DC-HSUPA operation, the power should be limited to PM,low = +17 dBm at center frequency of the two assigned channel frequencies FC < Flow = 826.6/829 MHz for protection of Public Safety below 813.5/816 MHz, while it should be limited to PM,high = +10 dBm at at center frequency of the two assigned channel frequencies   FC > Fhigh = 831 MHz for protection of Public Safety above 851 MHz. This latter means that full power can be used for DC-HSUPA operation in Cellular Block A also in cells in which the PS emission limits must be met.

The power restrictions imply reduced coverage and lower data rates in cells where "Maximum allowed UL TX power" must be configured. However, this does not mean that service cannot be provided in these cells.
For cells in which coexistence with PS need not be considered, the IE "Maximum allowed UL TX power" need not be configured and full power can be used in the entire Band XXVI frequency range.

A CR for introducing the above power restrictions are supplied in [5]. 
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