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1 Introduction
In [1] Band 26 coexistence scenarios with narrow-band services in the 800 MHz range and the APAC700 MHz band are considered, along with proposed emission limits for protection and the NS signaling thus required.  Many of these scenarios have been considered within the E850 Study Item, but the emission limits and the required signaling are still outstanding. 

In particular, it is proposed to reuse the 3GPP limit for protection of the nationwide 700 MHz public-safety networks (-57 dBm/6.25 kHz) from Band 13 UE emissions, and to introduce six different NS signaling values with allowed power reduction for all bandwidths in order to meet the emission limits proposed for the scenarios considered. In many cases the power reduction required would be substantial and PUCCH over-provisioning required, e.g. for deployment of a 10 MHz E-UTRA in 839-849 MHz subject to the said limit -57 dBm/6.25 MHz in 851-862 MHz. Indeed, protection of Public Safety and PPDR services has to be ensured, but it might be possible to find some middle ground in which E-UTRA and UTRA operation could be possible with less restriction on RB allocation and power reduction, hence reduced signaling complexity and testing effort, whilst still not causing harmful interference to Public Safety?
We propose a resolution in which
· two different emission limits are specified at the upper and lower band edges for E-UTRA and UTRA,

· one of the emission limits is tighter for increased protection of Public Safety, while still allowing deployment UTRA in FCC Block B and 1.4 MHz E-UTRA without additional power reduction at the upper band edge, corresponding to today’s operation of HSPA and CDMA2000,
· the other upper-edge limit is looser to be used in cells where limited protection of other services is sufficient, while still maintaining a margin to the regulatory limits,
· both limits at the lower edge are looser in view of the UL-UL interference scenario.
The resolution relies on that compatibility between legacy HSPA and CDMA operation in the PCS band (BC1 or Band V) and narrow-band services in 851-862 MHz appears to be possible. The tighter limit at the upper edge is therefore chosen such that emissions into 851-854 MHz from a UTRA in Block B of Band V and a 1.4 MHz EUTRA at 849 MHz (roughly corresponding to a CDMA signal) are permitted without constraints. Following this, the tighter limit would be set at around -50 dBm/6.25kHz corresponding to the worst-case emissions, which is still 25 dB tighter than the regulatory limit. Is this enough to protect Public Safety? To make an assessment we consider the coexistence results in [2] and [3].
Band 26/XXVI is intended as a globally harmonized band, and the two limits should therefore be specified to accommodate many different deployment scenarios. The spectrum available around the lower limit 814 MHz varies, so the corresponding limits and signaling must allow flexibility to accommodate this, e.g. in the US the allocation of the ESMR band is different in Southeastern US and in Korea the portion 819-824/864-869 MHz will be available. We also consider protection of the APAC700 downlink and briefly coexistence with the lower E850 sub-band.
2 Coexistence with narrowband near 849 MHz
2.1 Emission limit
Emissions from the range 824-849 MHz are governed by FCC Part 22.917, according to which the power of any emissions outside 824-849 MHz (and authorized frequency ranges within this range) has to be less than -13 dBm/100kHz at an offset of 1 MHz from a frequency block. This limit applies in the United States and in many other countries in Region 2 (and elsewhere). The limit does not assume any particular limitation on the bandwidths used within the FCC band plan in 824-849 MHz, e.g. if an operator owns contiguous spectrum in blocks B+A’+B’ then a bandwidth wider than 10 MHz can be used freely within this portion.
The limits in Part 22.917 do not specifically address protection of services in 851-869 MHz, if any emissions within 824-849 MHz results in interference to users of another radio service, the FCC may require a greater attenuation of that emission than specified according to Part 22.917(2). To this end, it is proposed in [1] to reuse the -57 dBm/6.25kHz limit specified by 3GPP for protection of the 700 MHz nationwide Public Safety services from Band 13 emission, based on the FCC limit of -35 dBm/6.25kHz and an additional margin of 25 dB that was subsequently modified to 22 dB to allow a UE implementation margin. The additional margin was not derived from any coexistence studies, but rather adopted in view of Part 27.54 according to which there may be required modification to WCS (700 MHz) stations should interference occur, even if the FCC spurious emission limit is satisfied similar to the disclaimer in Part 22.917(2) for the 800 MHz systems. The NPSPAC and public safety systems in 854-862 MHz are generally based on the same standard as in that used in the 700 MHz range.

We propose a limit based on a compromise between constraints put on E-UTRA and UTRA operations below 849 MHz and a margin to the emission level -13 dBm/100kHz for increased protection of 851-862 MHz. Firstly, we look at emissions from a 1.4 MHz E-UTRA carrier at 849 MHz that mimics current Block B’ operation of a CDMA carrier that appears to be compatible with the narrow-band systems above 851 MHz for equipment in the field. Figure 1 shows the unwanted emissions from a 1.4 MHz E-UTRA carrier for different RB allocations, assuming a transmitter calibrated for UTRA_ACLR1 = 33 dB at maximum power and just complying with the minimum requirements for IQ image and offset.
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Figure 1: emissions from a 1.4 MHz E-UTRA signal at upper edge of Band 26.
We observe that the emissions do not exceed -50 dBm/6.25kHz above 851 MHz in the worst case.  Secondly, it also appears that HSPA operation in Block B is compatible with services above 851 MHz. The emissions from a UTRA carrier is shown in Figure 2 assuming the same UE transceiver, the 851 MHz limit corresponds to a +8.5 MHz offset on the abscissa. The emissions do not exceed -50 dBm/6.25kHz above 851 MHz in the worst case just as above. 
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Figure 2: emissions from a UTRA signal.
These two use cases for legacy operation suggest that an emission limit of -50 dBm/6.25kHz in the worst case could be sufficient to protect NPSPAC that is generally based on the same standard as other public safety systems and narrowband services above 854 MHz. It is recognized that the equipment in the field on which compatibility is observed typically has better performance than the worst case. Furthermore, the user density in today’s network may not represent that of future E-UTRA, but we are looking for middle ground: the 7 dB difference to the limit proposed in [MotoS1] implies significantly less power back-off for larger bandwidths. The margin to the Part 22.917 requirement is still 25 dB (assuming the measurement bandwidths can be scaled).

Larger bandwidths would require A-MPR to meet the -50 dBm/6.25kHz limit; larger than 5 MHz for E-UTRA deployment in Block B and larger than 1.4 MHz for deployment up to 849 MHz. Figure 3 shows the emissions from a 10 MHz carrier in Block B (835-845 MHz) for various UL allocations. We observe that an emission level of -35 dBm/6.25kHz, corresponding to the FCC limit for protection of the 700 MHz public safety services, is barely met. 
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Figure 3: emissions from a 10 MHz E-UTRA signal at upper edge of Block B.

Significant power reduction would be required to meet a -50 dBm/6.25kHz limit above 851 MHz.
The power reduction required for deployment of a 10 MHz carrier in 839-849 MHz in accordance with the Korean allocation would be even greater to meet the same requirement. It may therefore be relevant to specify an alternative looser limit necessitating only limited power back-off to be applied in areas where limited protection of other services is accepted or sufficient. Adopting the FCC Part 27.53 limit of -35 dBm/6.25kHz for this purpose, this would only require limited back-off for small allocations within a 10 MHz carrier in 839-849 MHz.

We therefore propose adoption of two different limits for protection of services above 851 MHz,

1. a tighter -50 dBm/6.25kHz and a looser -35 dBm/6.25kHz limit (both values tentative),
for flexibility bearing in mind possible deployment scenarios for Band 26 in Region 2 and Region 3. These two limits would be mapped to different NS values
2.2 NS values required

The back-off required to meet the emission limit will decrease the larger the negative offset of the E-UTRA (and UTRA) carrier frequency from the upper band limit 849 MHz. The degree of freedom for channel assignments is obviously large, and to reduce the signaling complexity and testing effort we therefore propose to specify two different NS values for the tighter -50 dBm/6.25 kHz limit in view of the FCC band plan (that is adopted in many countries also outside the United States):
· NS_U1 for and channel bandwidths > 1.4 MHz overlapping with blocks A’+B’ (845-849 MHz), the 1.4 MHz channel meets the limit -50 dBm/6.25kHz

· NS_U2 for channels confined in 824-845 MHz (up to Block B), A-MPR is only needed for the 10 and 15 MHz bandwidths in order to meet -50 dBm/6.25kHz

Only one NS value is specified for the -35 dBm/6.25kHz limit above 851 MHz:
· NS_U3 for any channel assignment below 849 MHz, A-MPR is only needed for the 10 and 15 MHz bandwidth. 
The protection limit the same as the tighter level at 814 proposed below for the UL-UL case, both can perhaps share an A-MPR specification.  
The -50 dBm/6.25 MHz with a 10 MHz carrier in 839-849 MHz will necessitate PUCCH over-provisioning just like in the Band 13 case with its tighter -57 dBm/6.25kHz limit, but the required power reduction will be smaller for allocations across the PUCCH region.

For the -35 dBm/MHz case power reduction is needed for smaller allocations as evident from Figure 3 for the 10 MHz case, but the effects of the resulting spectral peaks will be reduced with improved IQ imbalance. 
3 Impact on Public Safety (NPSPAC)

For compatibility between Band 26 DL and Public Safety in 851-862 MHz, the interference criteria in Part 90.672 for protection of non-cellular 800 MHz systems from cellular systems apply, and are equally relevant for protection cellular 800 MHz Public Safety from other cellular systems. Following these, the maximum level at the RF input of a non-cellular station is [2] is

I = 3 · noise_floor_PS = 4.8 – 127 dBm/6.25kHz = -122 dBm/6.25 kHz

not to degrade the SINR more than the allowed 6 dB. 

The interference criteria in Part 90.672 are not intended for UE-UE interference scenarios, only for interference from BS sites. Suppose, nevertheless, we use the same criteria for a worst-case UE-UE coexistence scenario, the tolerable emission level assuming a 40 dB coupling loss at 1 m separation would be
I = 3 · noise_floor_PS = 40 – 122 dBm/6.25kHz = -82 dBm/6.25 kHz,

which would put significant constraints on any E-UTRA or UTRA operation below 849 MHz. This level should be compared to the regulatory limit of -13 dBm/100kHz = -25 dBm/6.25kHz (not devised for protection of public safety). The proposed limit of -50 dBm/6.25kHz represents the worst-case emissions from equipment used in the field for CDMA or WCDMA deployments for which compatibility appears possible.
Blocking of Public Safety stations by E-UTRA mobiles is also a potential problem, but many PS stations have rejection around and exceeding 90 dBc which reduces the problem to OOB emissions from UE(s).
According to the study [3] of compatibility between Band 26 UL and Public Safety UL in 806-824 MHz, significant degradation of the Public Safety is predicted for small E-UTRA cells assuming a -35 dBm/6.25kHz limit, the FCC limit for protection of 700 MHz public safety. An emission limit of -43 dBm/6.25kHz for increased protection is therefore proposed. The study is based on reuse of Part 90.672 interference criteria (assumed here) with a fixed emission target for the UE aggressors. Typical performance of UE(s) in the field must have a margin to the worst-case emission level, which improves compatibility.
4 Coexistence with narrowband near 814 MHz

4.1 Emission limits

For compatibility between the uplink of E-UTRA/UTRA and the uplink of 800 MHz systems in 806-824 MHz, we propose to reuse the -35 dBm/6.25kHz applicable for protection of 700 MHz public safety from UE emissions as the tighter limit at 814 MHz. However, this level should also apply for cases where only a part of the extension 814-824/859-869 MHz is available such as in the United States (ESMR). 
Looking first at the compatibility around 817 MHz, we note that a 1 MHz guard band is available. The band plan in most parts of the United States is shown in Figure 4 below. We remark that no public safety licensee will be involuntary relocated to the guard band, assuming that a larger risk of interference is accepted if operations remain in the guard. Therefore we propose to apply the emission limit from 816 MHz. This means that a 1.4 MHz E-UTRA meets the limit for assignments down to 817 MHz. E-UTRA deployed in the ESMR band must meet the Part 90.691 rules, means -20 dBm/0.3kHz at offsets smaller than 37.5kHz and -13/100kHz beyond (assuming the 100 kHz measurement bandwidths apply consistent with the emissions above 824 MHz). This necessitates a power back-off for 1.4 MHz. 
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Figure 4: the band plan applicable in many parts of the United States.
The guard-band size available varies: in Korea a 2 MHz guard is available for protection of services below 816 MHz, but allocation of a guard band cannot be assumed in general. Nevertheless, we assume that our tighter limit -35 dBm/kHz is applicable at an offset of 1 MHz below the assigned carrier, and that A-MPR is devised accordingly. This would also cover the use case in Southeastern US.
We pick the regulatory emission limit of -13 dBm/100kHz as the looser limit at 814 MHz. This still necessitates backoff for the 1.4 MHz channel to meet the -20 dBm/0.3kHz requirement at offsets smaller than 37.5 kHz as per FCC Part 90.691 assuming the measurement bandwidth 300 Hz applies. 
Hence for protection of 800 MHz narrow-band services at the lower edge of Band 26 we propose

· a tighter limit of -35 dBm/6.25kHz at a 1 MHz offset below the lower channel edge (e.g. emission below 816 MHz from carriers above 817 MHz)

· a looser -13/100kHz that only needs back-off to meet the 90.691 requirements at frequency offsets smaller than 37.5kHz from the assigned carrier. 
4.2 NS values required
For the two limits proposed, two signaling values are needed:
2. NS_L1 to meet the -35 dBm/6.25 kHz requirement at a 1 MHz offset from the lower channel edge: backoff is needed for the 1.4 MHz channel for small offsets < 37.5kHz and for the 5, 10 and 15 MHz bandwidths (can perhaps be combined with NS_U2 for which a 2 MHz offset to the protected band is implied) 
3. NS_L2 to meet the 90.691 mask for the 1.4 MHz bandwidth.
If A-MPR is applied for meeting limits at 849 MHz, the more relaxed emission limits near 814 MHz (since uplink-uplink interference) will be automatically met.
5 Band 26/XXVI versus APAC700
Next we consider Band 26 emissions into the APAC700 MHz band and the required NS signaling. 
5.1 Emission limits

The emissions from a 10 MHz E-UTRA FCC Block B is repeated in Figure 5 below (cf. Figure 3), but now with a measurement bandwidth of 1 MHz commonly used for protection of other operating bands. For the scenario at the lower edge, the lower channel edge at 814 MHz would correspond to 845 MHz on the abscissa in Figure Y, and the upper band limit of APAC700 MHz (803 MHz) to 856 MHz at an 11 MHz offset. We observe that emissions do not exceed -30 dBm/MHz at an 11 MHz offset, which necessitates an additional 20 dB rejection by the TX duplexer to meet the standard  -50 dBm/MHz requirement. For allocations in the Band 18 range (12 MHz offset) the conclusion is the same.
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Figure 5: emissions from a 10 MHz E-UTRA signal.
Is the duplexer rejection sufficient? Figure 6 shows simulated traces for a Band 26 SAW at room temperature with the APAC 700 MHz downlink range indicated (758-803 MHz). It appears that a 20 dB rejection can be achieved also including temperature variation at least. The corresponding results for an FBAR simulation are shown in Figure 7. We note that this latter filter has not been optimized for rejection below 803 MHz, but rejection sufficient rejection is supplied anyway. 
[image: image6.emf]
Figure 6: Band 26 SAW duplexer (simulated).

[image: image7.emf]
Figure 7: Band 26 FBAR duplexer (simulated).

It appears sufficient rejection can be supplied by the duplexer, and that no A-MPR is needed to meet the -50 dBm/MHz limit below 803 MHz. Adoption of a -40 dBm/MHz limit for the APAC band, consistent with that required in Japan for protection of Band 18 from Band 19 emissions, would of course improve the situation; we have not considered production tolerances. 
5.2 NS signaling required

From the results in Section 5.1 it appears that duplex filter provides sufficient rejection to meet the standard, which means that A-MPR is not needed (this conclusion is based on simulated filter performance).
6 Protection of E850 lower sub-band (Band 27)
For protection of the Band 27 DL in 851-869 MHz from Band 26 UE emissions, the network signaling NS_U1 devised to achieve a -50 dBm/6.25 kHz could possibly be used: this level would correspond to a -28 dBm/MHz level assuming a flat emission spectrum. This level is incidentally the same as the worst case emissions from a UTRA assigned in 840-845 MHz.
7 Protection from a Band XXVI aggressor
Since A-MPR is not available for UTRA, the options for reducing emissions into protected bands are

· increasing the frequency separation between aggressor and victim

· decreasing the maximum allowed UL TX power 

For the first item we note that the -50 dBm/6.25 kHz limit would be met by a UTRA carrier assigned up to 845 MHz, the   -35 dBm/6.25kHz limit at the lower edge would be met by a UTRA carrier with a 1 MHz guard band to the protected band.
8 Proposal

For protection of 800 MHz services adjacent to Band 26 we propose to adopt network signalling for 
a) two levels of protection of the 851-869 MHz band: a -50 dBm/6.25 kHz and a -35 dBm/6.25 kHz limit

b) two levels of protection of victim bands below 814 MHz: a -35 dBm/6.25 kHz and a -13 dBm/100 kHz limit.

Two network signalling values are specified for the -35 dBm/6.25kHz limit above 851 MHz:
1. NS_U1 for and channel bandwidths > 1.4 MHz overlapping with blocks A’+B’ (845-849 MHz), the 1.4 MHz channel meets the limit -50 dBm/6.25kHz

2. NS_U2 for channels confined in 824-845 MHz (up to Block B), A-MPR is only needed for the 10 and 15 MHz bandwidths in order to meet -50 dBm/6.25kHz

One NS value is specified for the -35 dBm/6.25kHz limit above 851 MHz:

3. NS_U3 for any channel assignment below 849 MHz, A-MPR is only needed for the 10 and 15 MHz bandwidth

For the lower band edge, two signaling values are specified:
4. NS_L1 to meet the -35 dBm/6.25 kHz requirement at a 1 MHz offset from the lower channel edge. A-MPR is needed for the 1.4 MHz channel for small offsets < 37.5kHz and for the 5, 10 and 15 MHz bandwidths 

5. NS_L2 to meet the Part 90.691 requirement for the 1.4 MHz bandwidth.
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