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1 Background
In this contribution we present yet another proposal for emission limits and NS values for Band 26. The emissions limits should be agreed before detailed A-MPR profiles can be devised, but the order of magnitude of the A-MPR needed should be considered when specifying the limits.
Given that there are no existing unwanted emissions limits for protection of services adjacent to Band 26 other than the standard -13 dBm/100kHz limit, the protection limits to be specified for Band 26 should be a compromise between the protection capability and the penalty on E-UTRA (A-MPR) and UTRA. The limits discussed for protection above 851 MHz thus far are
1. -13 dBm/100kHz (FCC Part 22.917 and Part 90.672)
a. not intended for PS protection

2. -35 dBm/6.25kHz

a. not sufficient for PS protection

3. -50 dBm/6.25kHz 

a. Proposed in [1] for balance between protection capability and penalty on E-UTRA
4. -57 dBm/6.25kHz (or -53 dBm/6.25kHz)

a. no impact from E-UTRA to PS but high penalty on E-UTRA (large power back-off)
The -35 dBm/6.25kHz only requires small back-off, and indication of this limit by NS signaling will make little difference from a coexistence perspective compared to the case without back-off (for which the general SEM limit -10 dBm/MHz limit applies corresponding to -32 dBm/6.25kHz without consideration of the character of narrowband unwanted emissions). 
The limits discussed for protection below 824 MHz thus far are

1. -13 dBm/100kHz (FCC Part 22.917 and Part 90.672)
· not intended for PS protection

2. -35 dBm/6.25kHz

· could work for UL-UL scenario

· concern from operators that this deviation from ”standard” iDEN limits not acceptable
3. -42 dBm/6.25kHz 

· ”standard” limit used for iDEN certification
· proposed in [2] and advocated in [3] (-43 dBm/6.25kHz)
For Band 26 we propose 
a) to indicate by NS signaling a -53 or -50 dBm/6.25 kHz limit for protection of services above 851 MHz as a balance between A-MPR and protection capability. One NS value with different shifts (back-off depending on the EARFCN)

b) to indicate by NS signaling a -42 dBm/6.25 MHz limit for protection of services below 814/824 MHz and different NS values depending on frequency offset from the assigned E-UTRA carrier (2-3 NS values)

c) to indicate by NS signaling a -50 dBm/MHz limit below 803 MHz for protection of APAC700, one NS value (this limit can be relaxed at a later date, if motivated)
d) to use the limits and NS signaling in a) for protection of Band 27, which gives protection of the order of -30 dBm/MHz from 851 MHz.
We propose not to specify a
· -35 dBm/6.25 limit since the back-off is small and will make little difference from a coexistence standpoint.
2 Protection of services above 851 MHz

2.1 Limits 

Protection of emergency services has to be ensured, and Band 26 should be equipped with an NS value indicating an emission limit that minimizes the risk of harmful interference in areas where compatibility with these services can be a problem (otherwise NS_01 is indicated). 

For protection above 851 MHz we propose to specify a single NS value “NS_12” to indicate a
· -50 dBm/6.25kHz or possibly a -53 dBm/6.25 kHz limit.

This compromise relies on that compatibility between legacy HSPA and CDMA operation in the PCS band and NB services in 851-862 MHz appear to be possible, while still allowing deployment of UTRA in FCC Block B and 1.4 MHz E-UTRA up to 849 MHz without additional power reduction. A -53 dBm/6.25 kHz limit above 851 MHz would barely be met by a UTRA carrier assigned at the upper edge of Block B (851 MHz corresponds to a 8.5 MHz offset in Figure 1 below)

[image: image12.bmp]
Figure 1: emissions from a UTRA signal.

The A-MPR needed for UTRA would be of the order of 6 dB or less for the bandwidths supported by Band 26 (see [1] and [4]). 
2.2 PUCCH over-provisioning 
PUCCH over-provisioning can be used to ensure uplink control channel coverage when A-MPR is applied, just as for Band 13 and the A-MPR profile indicated by NS_07. The Band 26 case is slightly more complicated since the frequency offset between the aggressor E-UTRA channel and 851 MHz can vary. An A-MPR profile for a single NS_12 could possibly account for different centre frequencies (EARFCN) of the assigned E-UTRA channel. 
It may be possible to use PUCCH over-provisioning in view of a stringent -53 or -50 dBm/6.25kHz limit. PUCCH coverage is then ensured, and the region is adopted such that the 3rd order IM with the IQ image falls just below 851 MHz, see Figure 2 in which the PUCCH is indicated by the dark green rectangles.

[image: image2]
Figure 2: PUCCH over-provisioning at the upper edge of Band 26.
PUCCH over-provisioning should then be used if 
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approximately (NRB is the maximum transmission configuration). Lower back-off is then needed in between the PUCCH, and PUSCH can still be allocated across the PUCCH region. The back-off for PUSCH can possibly vary as a function of f or be specified for distinct values, e.g. f = 0 MHz and f = 4 MHz corresponding to channels allocated up to 849 MHz and 845 MHz, respectively. For a 10 MHz (50 PRB) assigned in Block B, then RB_start ~ 6 (f = 4 MHz). 
3 Protection of Band 27
If Band 27 with its downlink defined down to 851 MHz is deployed in the same geographical area as Band 26 (assuming that one of the bands are not fully allocated), NS_12 could be signaled indicating a protection level of about
· -50 dBm/6.25kHz = -28 dBm/MHz = -21 dBm/5MHz above 851 MHz (-53 dBm/6.25kHz gives -24 dBm/5MHz)
assuming flat interference. This is 6 dB tighter than the unwanted emission limit discussed for FDD/TDD coexistence in the 2.6 GHz band that still allows a 5 MHz restricted block between the duplex directions of the aggressor and victim, which should be compared to the 2 MHz separation between the Band 26 UL and Band 27 DL. 
4 Protection of services in the range 806-824 MHz

4.1 Limits
Specifying limits for the lower edge of Band 26 is more complicated since the allocations in the extension 814-824/859-869 MHz  varies across geographical regions and thus also the allocation of victim bands. In the United States the ESMR band that may be possible for E-UTRA deployment if wider channels are allowed extends down to

· 817 MHz with protection requirements assumed below 816 MHz in many parts of the U.S. (following rebanding)

· 813.5 MHz with protection requirements assumed below 813.5 MHz in Southeastern U.S.

In Korea E-UTRA may be deployed down to 819 MHz (5 MHz allocation below Band 5) with a 2 MHz guard to adjacent services, thus assuming protection limits below 817 MHz (TETRA and iDEN uplink bands are assigned in 806-816 MHz).

The protected band ranges vary, and other countries may still have different allocations in 806-824 MHz, unlike the case above 849 MHz. If NS_01 is signaled, no A-MPR is allowed and the protection level is determined by the general SEM for unwanted emissions and the standard -30 dBm/MHz in the spurious domain. The SEM limit -10 dBm/MHz limit scales to   -32 dBm/6.25kHz, which give the order of magnitude for the protection level using MBW = 6.25 kHz. 

The emissions with NS_01 already gives a protection of the order of -35 dBm/6.25kHz whence we propose to indicate a tighter limit using NS signaling for the lower edge. To resolve the problem with varying frequency ranges for which the protection limit applies, we propose to provide A-MPR profiles for different frequency offsets from the assigned E-UTRA carrier. The smallest offset would be used for an outermost carrier of an operator allocation, while a larger offset from the protected band can correspond to interior carriers. For the smallest offset we choose 1 MHz, which would correspond to a typical guard band size, e.g. this would apply to protection below 816 MHz with an E-UTRA carrier assigned with its lower edge at 817 MHz for large parts of the US. Thus, we propose to indicate, using “NS_13”,  

· a -42 dBm/6.25kHz limit with a 1 MHz offset between the protected range and the assigned UTRA carrier (all bandwidths)
For a 1.4 MHz carrier, the A-MPR would still be needed to meet this emission limit at 1 MHz offset from the carrier as indicated in Figure 3 (the figure displays a carrier assigned at the upper edge of Band 26, a 1 MHz offset corresponds to 850 MHz; the same behaviour would have been displayed at the lower edge). 
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Figure 3: emissions from a 1.4 MHz E-UTRA carrier.
E-UTRA carriers assigned at larger offsets from the protected range, e.g. interior carriers, require smaller A-MPR. The larger offset for an interior carrier is chosen such that a 1.4 MHz carrier can fit in between the protected band and the assigned interior carrier, see Figure 4. To this end, we propose to indicate, using “NS_14”,  

· a -42 dBm/6.25kHz limit with a 2.5 MHz offset between the protected range and the assigned UTRA carrier (all bandwidths),
which would correspond to the case where a 1.4 MHz which is allocated in between the assigned E-UTRA carrier and the protected range. NS_13 is signaled in the 1.4 MHz cell for which UE(s) should meet the -42 dBm/6.25kHz limit at a 1 MHz offset, and the interior carrier should meet this at a 2.5 MHz offset with “NS_14” signaled.

[image: image6]
Figure 4: protection at the lower band edge with different frequency offsets to the protected range.

In this way interior carriers can be deployed with smaller A-MPR. The same offsets are used for all bandwidths, for the 2.5 MHz offset only the larger bandwidths require A-MPR. One example is shown in Figure 5 with a 5 MHz carrier allocated in Block B (the same behaviour would have been displayed with the carrier at the lower edge), in which we observe that the emissions for larger allocations (not for single RB) are reduced at 847.5 MHz (2.5 MHz offset) compared to 846 MHz (1 MHz offset). For larger channel bandwidth the spectral regrowth will be more flat, whence it is reasonable to indicate “NS_14” for all interior carriers, or NS_01 (no backoff) if the frequency separation to the protected range is large enough.
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Figure 5: emissions from a 5 MHz E-UTRA carrier.
For Southeastern US the protection limit should apply at a 0.5 MHz offset (below 813.5 MHz for a carrier assigned down to 814 MHz), this would require significant A-MPR particularly for the smaller channel bandwidth. Therefore we propose to specify the limit for the range 813.5-814 MHz as the resulting level when back-off is applied according to NS_13 to meet -42 dBm/6.25kHz below 813 MHz. 
4.2 PUCCH over-provisioning
PUCCH over-provisioning can also be used at the lower edge to reduce the A-MPR needed for PUCCH (control channel coverage) and single-RB allocations for both NS_13 and NS_14. The PUCCH region could be reduced (and the region in between made larger) if the channel is at a greater offset F > 1 MHz from the protected frequency band, whence 
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with over-provisioning used if 
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MHz, see Figure 6. However, the back-off for PUSCH could possibly be the same for all F as determined for the case where NS_13 or NS_14 is signaled. 

[image: image10]
Figure 6: A-MPR with an emission limit at a 1 MHz offset below the assigned bandwidth.
Example: for protection of services below 816 MHz, a 15 MHz in Block A/B above 825 MHz requires RB_start ~ 9 with f = 9 MHz (825-816 MHz), no over-provisioning is needed for 10 MHz in Block A.
4.3 UTRA

From Figure 1 we observe that a guard band > 3.5 GHz is needed to the frequency where the -42 dBm/6.25kHz applies (6 MHz = 4 MHz + 2 MHz guard at the upper edge).
5 Why not -35 dBm/6.25kHz?

Figure 7 shows the A-MPR required for meeting the -35 dBm/6.25kHz limit for 1 RB allocation at the outer position, nearest to the protected band. Power back-off is needed for all channel bandwidths larger or equal to 3 MHz if the channel is assigned up to 849 MHz (guard band = 2 MHz), the required A-MPR is ~ 1 dB. A-MPR is not needed for any bandwidth for meeting the -35 dBm/6.25kHz limit at full RB allocation. From a coexistence perspective, the small back-off makes little difference in the unwanted emissions level compared to the case without additional back-off. Thus from a coexistence perspective the indication of a -35 dBm/6.25kHz is less meaningful.
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Figure 7: A-MPR to meet the -35 dBm/6.25kHz limit for 1 RB allocation.

6 Protection of services below 803 MHz

6.1 Limits 

For protection of the APAC700 MHz band with its frequency range 703-803 MHz, the standard -50 dBm/MHz emission limit may be applied. Thus, we propose to indicate, using “NS_15”,  

· a -50 dBm/1 MHz limit below 803 MHz.

If at a later stage it turns out that this limit can be relaxed, the specification of NS_15 can be change recognizing that the legacy Band 26 mobiles will apply A-MPR to meet the -50 dBm/MHz limit. A -40 dBm/MHz limit can most likely be met without A-MPR: it is expected that the Band 26 duplexer can supply additional rejection to limit the need for A-MPR for protection of the According to SAW and FBAR filter vendor an TX-ANT attenuation of 25 dB can be specified for the range 703-803 MHz for temperatures -15C – +85C and including manufacturing tolerances. 
7 Proposed limits and NS values
The proposed emission limits and NS values are summarized in the tables below. 
In the Southeastern U.S. the emission limit should apply at an offset of 0.5 dB below 814 MHz, which means that a guard band of 0.5 MHz would have to be taken within Band 26 in order to meet the specified limit. However, these are not regulatory, and the emission level implied in 813-813.5 MHz by the limit specified below 814 MHz (and its requisite A-MPR) could be included in a note. 
The proposed NS values are 

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	NA

	..
	
	
	
	
	

	NS_12
	6.6.3.3.5
	26
	[3, 5, 10, 15]
	TBD
	TBD

	NS_13
	6.6.3.3.6
	26
	[1.4, 3, 5, 10, 15]
	TBD
	TBD

	NS_14
	6.6.3.3.6
	26
	[5, 10, 15]
	TBD
	TBD

	NS_15
	6.6.3.3.7
	26
	[10, 15]
	TBD
	TBD

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	Note 1:
Applies to the lower block of Band 23, i.e. a carrier placed in the 2000-2010 MHz region.


for the following protected bands below with limits,

6.6.3.3.5 
Minimum requirement (network signalled value “NS_12”)

When “NS 12” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Tables 6.6.3.3.5-1.
Table 6.6.3.3.5-1 Additional requirement

	Frequency band     [MHz]
	Spectrum emissions limit [dBm]
	Measurement bandwidth

	851 ≤ f ≤ 869
	-[50/53]
	6.25 kHz

	
	
	


6.6.3.3.6 
Minimum requirement (network signalled values “NS_13” and “NS_14”)

When “NS 13” and “NS_14” are indicated in the cell, the power of any UE emission shall not exceed the levels specified in Tables 6.6.3.3.6-1 and Tables 6.6.3.3.6-2, respectively.
Table 6.6.3.3.6-1 Additional requirement (“NS_13”)
	Frequency band    

[MHz]
	Spectrum emissions limit [dBm]
	Measurement bandwidth
	Notes 

	806 ≤ f ≤ 813 MHz
	-42
	6.25 kHz
	

	813 ≤ f ≤ 824 MHz 
	-42
	6.25 kHz
	Note 1, Note 2

	Note 1:
The emission limit is TBD dBm/25kHz in 813-813.5 MHz when the E-UTRA assigned 
Note 2:
The emission limit applies at an offset of 1 MHz below any E-UTRA carrier assigned in the frequency band.


Table 6.6.3.3.6-2 Additional requirement (“NS_14”)
	Frequency band    

[MHz]
	Spectrum emissions limit [dBm]
	Measurement bandwidth
	Notes 

	806 ≤ f ≤ 813 MHz
	-42
	6.25 kHz
	

	813 ≤ f ≤ 824 MHz 
	-42
	6.25 kHz
	Note 1

	Note 1:
The emission limit applies at an offset of 2.5 MHz below any E-UTRA carrier assigned in the frequency band.


< text omitted >
6.6.3.3.7 
Minimum requirement (network signalled value “NS_15”)

When “NS 15” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Tables 6.6.3.3.7-1. […]
Table 6.6.3.3.7-1 Additional requirement

	Frequency band     [MHz]
	Spectrum emissions limit [dBm]
	Measurement bandwidth

	703 ≤ f ≤ 803 MHz
	-[50]
	1 MHz
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