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1 Introduction

This contribution we consider some of the open issues for the specification of Band 26/XXVI:
1. the reference sensitivity 
2. FCC protection limits of NSPAC in 851-854 MHz

3. protection of Band 26 by Band 5 devices, and relation to expected protection limits for NSPAC in 851-854 MHz

4. additional network signaling for Band 26

5. output power accuracy for Band XXVI (UTRA).
The first item is the major outstanding issue that is needed for specifying Band 26.

2 Reference sensitivity for Band 
One of the compromise proposals for the Band 26 reference sensitivity is the following:

1. the reference sensitivity for Band 26 is based on Band 5 performance + 0.5 dB

and combined with a normative note in the reference sensitivity table to ensure sufficient mid-band performance

2. Band 19 and the highest 10 MHz part of Band 18 should meet Band 5 requirements, i.e. when a E-UTRA carrier frequency is within the frequency range 865-890 MHz. 

Adopting Band 5 performance for Band 26 is another option. It may be interesting to consider estimated reference sensitivities without considering the UTRA scaling that was also adopted when the reference sensitivity for E-UTRA was specified.

Following the approach in [1] we estimate reference sensitivity for the purpose of 3GPP specification using either a transmit diversity architecture with two TX/RX branches or a standard MRC receiver with one RX-only port or a transmit diversity architecture. For the former, assuming uncorrelated transmitted signals,
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, whereas for the latter
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Now, rather than adopting the standard scaling from WCDMA that yields a 3 dB higher noise factor for Band 8 compared to Band 1, we use noise-factor calculations assuming a front-end attenuation more similar to actual values:
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where 
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is the attenuation from the antenna to the LNA and the corresponding with superscript t for the transmit chain, Fs is the noise factor of sub-sequent stages. 
For numerical values (minimum requirements), we assume that the duplex isolation is a fixed atx-rx = 45 dB and that the noise factor is a fixed Fs = 4 dB, while the ACLRrx, the leakage into the receive band, and the front-end attenuation vary and are dependent on the operating band considered. For Band 1 for example, the front-end loss is assumed to be around 4.5 dB which yield an overall noise-factor of 8.5 dB, not far from the standard 9 dB assumption. The SNR is set to +1 dB, which implies a 2 dB implementation margin to an ideal radio, and the isolation between the branches in the MRC formula set to 10 dB. The results are displayed in Table 1 for the 10 MHz bandwidth that exhibits significant transmitter noise. The transmitter power before the duplexer is adjusted so that the 22 dBm output power requirement is met, assuming a 1 dB higher insertion loss for Band 2.
Table 1: estimated sensitivity for 10 MHz bandwidth
	E-UTRA Band
	Lfs of RX

[dB]
	ACLRRX 

[dB]
	REFSENS

Dual TX/RX

[dBm]
	REFSENS

Dual TX/RX

[dBm]

	2
	5.5
	85 (50 RB)
	-96.1
	-96.3

	5
	4
	82 (25 RB)
	-97.2
	-97.5


The main difference is that the estimate is not based on a 8 dB overall noise factor for Band 5 and 9.5 dB for Band 2, both , excluding the 10 MHz transmitter noise , rather than the standard 11 dB for these bands based on 2 dB scaling of WCDMA results that includes the transmitter noise but from a 5 MHz UTRA signal. These estimates indicate that there is a margin to the Band 5 requirement of -95 dBm. Increasing the insertion loss for Band 5 by 1 dB to mimic Band 26 performance, the margin is still around 1 dB. 

Deviating from the scaling by UTRA, the results suggest that Band 5 performance is feasible for the 10 MHz bandwidth, and the results are similar for smaller bandwidths (reduced transmitter noise). A more detailed analysis reveal a larger margin: we remark that the above analysis is carried out for the purpose of deriving the minimum performance requirements for 36.101. Notwithstanding, the actual performance (any PRB allocation and channel assignment) supplied by the wider Band 26 duplexer will not always match that of the narrower Band 5 duplexer on average. The difference between the two compromise proposals discussed above is very small – if not negligible – from a dimensioning perspective.
For UTRA, the reference sensitivity for Band XXVI follows from the corresponding for the 5 MHz bandwidth for E-UTRA (25 PRB), which has a slightly larger occupied bandwidth than a UTRA carrier.
3 Protection of 851-861 MHz and 806-816 MHz

Another issue is the protection of Public Safety and PPDR services above 851 MHz. This is also an issue for Band 5 operation.
In general, the mobile units transmit in 806-824 MHz band segment while base stations transmit in the 851-869 MHz band segment.  In addition, mobile units may transmit on the base station frequencies for “talk-around” purposes (the uplink to downlink interference the most challenging).
There appears to be no additional rules for protection of Public Safety operation in 851-854 MHz from Band 5/26 emissions in the FCC regulations other than the standard -13 dBm/MHz limit. 
The band 854-861 MHz can be used for “non-cellular systems” (up to 858.5 MHz in South Eastern USA). Section 90.672 in FCC Part 90 defines when “unacceptable interference” occurs to licensees operating non-cellular systems in the 800 MHz band.  Any licensee operating a “non-cellular” system in the 800 MHz band is eligible for protection from “unacceptable interference” caused by licensees deploying cellular systems in the band. The rules apply to base stations. 
4 Protection from Band 5 emissions
The introduction of a new band like Band 26 would normally imply that legacy bands like Band 5 device shall protect the new band down to the standard -50 dBm/MHz (-60 dBm/3.84MHz for UTRA) as given by additional UE spurious emissions requirements. These limits are implicitly met in the own receive bands. However, for a Band 5 UE, protection of the full Band 26 receive band down to the -50 dBm/MHz requirement may imply additional constraints assuming a standard Band 5 duplexer is used. In this case, the protection of the lowest 10 MHz of Band 26 (the extension) would only be limited. 

A typical Band 5 duplexer implementation (SAW) is shown in Figure 1 (filter traces at 25 C). We observe that the rejection supplied by the TX duplexer is limited in the extension 859-869 MHz, ranging from about 3 dB up to 50+ dB. Recognizing that only limited protection can be supplied with this filter in the extension segment, we propose that for Band 5 UE(s) not supporting Band 26, the standard protection requirement in the extension segment 859-869 MHz should be relaxed since additional network signaling cannot be defined for Band 5.
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Figure 1: insertion loss and stop band rejection for a Band 5 SAW duplexer.

The maximum supported E-UTRA bandwidth in Band 5 is 10 MHz. Figure 2 shows the emissions from a 10 MHz carrier centred at 844 MHz so that the upper channel edge is coinciding with the band edge 849 MHz. We assume a transmitter that just meets the minimum requirements on IQ image and LO leakage (25 dBc) and that is calibrated to meet UTRA_ACLR1 = 33 dBc at maximum power. The allocations shown are all located at the upper end of the maximum transmission configuration closest to the receive band, hence with a nominal 0.5 MHz guard band. Additional rejection by the transmitter duplexer is not assumed.
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Figure 2: emissions from Band 5 into Band 26: 10 MHz channel at 839-849 MHz.
We observe that the emissions are below -30 dBm/MHz in all cases above 859 MHz. The corresponding results for a 5 MHz channel is shown in Figure 3 for a 5 MHz channel centred at 846.5 MHz. We note that the emissions stay below -40 dBm/MHz for all frequencies above 859 MHz. 
These results indicate that coexistence between legacy E-UTRA Band 5 and Band 26 should be possible even if protection is limited, but also that protection of Band 26 is improved if the bandwidth at the upper edge of Band 5 is restricted. However, for Band 5 devices supporting Band 26, the standard -50 dBm/MHz limit is met inherently and the relaxation not needed.
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Figure 3: emissions from Band 5 into Band 26: 5 MHz channel at 844-849 MHz.

The results shown in Figure 2 and 3 suggest that a -30 dBm/MHz limit would be possible for the extension segment, with a possible addition of an additional margin.
If a Band 5 is used in Japan, A-MPR must be defined for Band 5 in order to meet the -40 dBm/MHz requirement according to Japanese regulations, at least for the 10 MHz bandwidth. This will imply a change of the frequency band indicator (band number) for Band 5, and have an isolated impact on legacy Band 5 devices as their behaviour is not defined if an unknown NS value is encountered in SIB2:

1. the new frequency indicators cannot be signalled in SIB1 for then the legacy devices would be barred

2. if the Band 5 indicator are signalled in SIB1 the behaviour of legacy devices when the field AdditionalSprectrumEmission with the new NS value is read in SIB2 is still unspecified, these UE may even be barred.

For Band 26 there is no need to define additional back-off to achieve -40 dBm/MHz since the duplex filter will supply the necessary rejection.
5 NS signaling supported by Band 26

The E-UTRA Band 26 is overlapping with Band 19 and therefore needs to meet the emission limit -40 dBm/MHz in the range 860-895 MHz according to Japanese regulations if roaming in Band 19. However, this requirement will be implicitly met by a Band 26 UE so an A-MPR is not needed, but the associated NS value NS_08 for Band 19 may have to be supported anyway since the UE behaviour is undefined if an unknown NS value is encountered in SIB2. However, this is pending possible changes to the RRC specifications. The emission limit -40 dBm/MHz is also inherently supported by UTRA devices supporting Band XXVI.

Additional network signaling for Band 26 can also be defined to increase protection of services operating above 851 MHz and to ensure that regulatory requirements for the protection of these services are met.
6 Output power accuracy for Band XXVI

Finally we consider the maximum output power accuracy for Band XXVI for UTRA. The specification for power class 3 can follow that of Band 8, which has a similar duplexer arrangement. Figures 4 and 5 display the transmitter duplexer response for a Band VIII and Band 26 duplexer of the same filter technology, respectively. The Band VIII response is filtered with a WCDMA RRC filter, and the response in Figure 5 is taken from [2]. We note that the responses are similar, which motivated a
· +24 dBm +1/-3 dB output power accuracy for Band XXVI.
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Figure 4: Band VIII duplexer filter response.

[image: image11.emf]
Figure 5: Band 26 duplexer filter response.

The specified maximum insertion loss for the Band 8 TX filter is 2.7 dB, hence similar for Band 26. 

For Band 26, a 1.5 relaxation of the lower tolerance for PC3 is allowed for allocation confined within the two 4 MHz segments at the band edges. However, for an E-UTRA 5 MHz channel assigned at the band edge, the relaxation is not allowed for a centered allocation with a transmission bandwidth of 3.84 MHz that would correspond to a UTRA carrier. 
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