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1. Introduction

When Band 26 was created it was considered to be a new band, and since Band 5 was a legacy band, it was decided that new emission requirements could not be added to a legacy band to protect the new band. Because of this, the Band 26 downlink was not provided with the full -50 dBm/MHz protection from Band 5 UEs that is normally provided to LTE band downlinks. Currently we are in the process of creating completely new 5G New Radio specs, so there are no legacy New Radio devices. Because of this, RAN4 has the opportunity to provide the Band 26/n26 downlink with the same level of protection that all other 3GPP bands get. This document will explain the case for the protection of the Band 26/n26 downlink. 
2. Discussion
The Extending 850 MHz Study Item [1] was approved at RAN #44 in May of 2009 and the work item was completed in December 2012. The results of the e850 study are documented in the Extending 850 MHz study Technical Report [2]. Among other things, duplexers were studied carefully. It was shown that current technology enabled a duplexer to cover all of Band 26 with reasonable insertion loss and sufficient Tx/Rx isolation to allow the Band 26 uplink to provide -50 dBm/MHz protection of the Band 26 downlink in 859-894 MHz, as now specified in TS 36.101, Table 6.6.3.2-1 [3]. While Band 26 has 0.5 dB higher reference sensitivity for the entire Band 26 downlink, it has the same reference sensitivity as Band 5 for 5 and 10 MHz carriers in the frequency range 865-894 MHz. 

During the study item, protection of the Band 26 downlink from the Band 5 uplink was studied extensively. One contribution [4] noted that if the only protection for the Band 26 downlink from the Band 5 uplink was the out of band emission mask for 10 MHz carriers “Band 26 terminals using 859 – 864 MHz would suffer from the strong interference in DL, which would be caused by Band 5 UL transmissions, because the frequency range is protected only by Spectrum emission requirement of -25 dBm/ 1 MHz.”  The following figure was borrowed from [4] to help visualize the situation:
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Figure 1 Relationship between Band 5 and Band 26
So, even though it was acknowledged by some that -25 dBm/MHz would cause Band 26 UEs to suffer from strong UE-UE interference, the level that was eventually chosen to protect 859-869 MHz of the Band 26 downlink was -27 dBm/MHz, a mere 2 dB below the 10 MHz OOBE level at 859 MHz. 
Several options were considered for protection of the Band 26 downlink in [5]. One was to restrict the uplink allocation in the upper region of Band 5. The 850 MHz band plan that is used in the U.S. and many other countries is illustrated in Figure 2. Because of this arrangement, it is not be possible to deploy a 5 or 10 MHz LTE carrier with an upper edge above 845 MHz in most of the U.S., where typically one operator has a license for the A/A* block and a different operator has a license for the B/B* block.
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Figure 2 US 850 MHz Cellular Band
If 5 and 10 MHz carriers could be restricted to being deployed only below 845 MHz, it would help to minimize emissions above 859 MHz, since the upper edge of a 5 or 10 MHz carrier would be at least 14 MHz below 859 MHz. However, since there is no such deployment restriction in the 3GPP specifications for Band 5 it was suggested that such a restriction would not be feasible. However, in reality, the U.S. 850 MHz band plan has helped to minimize the coexistence issues between the Band 5 uplink and the Band 26 downlink to date. 
Observation 1: The current US 850 MHz band plan limits 10 MHz carriers to below 845 MHz where ever a single operator does not control both the A/A* and the B/B* blocks. 
An option to provide A-MPR in Band 5 was also considered, whereby limitations on transmit power could facilitate coexistence with the Band 26 downlink. However, since Band 5 was a legacy band for which devices are already in development, it was suggested that adding new A-MPR requirements may not be agreeable for Band 5. 
The third option explored in [5] was to relax the coexistence requirement of -50 dBm/MHz to a value that can feasible be met by existing or in-progress implementations. So because the spectral emission mask requires emissions from a10 MHz carrier at the top of Band 5 to be below -25 dBm/MHz at 859 MHz, and because a typical Band 5 duplexer only has 2 dB of attenuation at 859 MHz, it was recommended that -27 dBm/MHz be the protection level for 859-869 MHz. Eventually it was agreed that the protection level for 859-869 MHz would be -27 dBm/MHz. It is important to note that this was not because -27 dBm/MHz was believed to be sufficient protection for the 859-869 MHz, but because the existing Band 5 duplexers could only provide 2 dB of attenuation at 859 MHz. 
Observation 2: -27 dBm/MHz was chosen for protection of 859-869 MHz, not because it was believed to be sufficient protection for the Band 26 downlink, but because the existing Band 5 duplexers could only provide 2 dB of attenuation at 859 MHz.
Now a new technology is under development in 3GPP: 5G New Radio (NR). 3GPP is currently working on the specifications for 5G, including the coexistence specifications. This offers RAN4 a good opportunity to reconsider this coexistence scenario and requirements. 
Many of the existing LTE bands are being refarmed for use by NR. For instance, the same spectrum used by LTE Band 5 will now be used for NR band n5. However, there are some important changes. It has been proposed that n5 will allow 15 and 20 MHz carriers. The impact of this needs to be seriously considered. The general E-UTRA spectrum emission mask only requires that emissions for 15 or 20 MHz carriers only be below -13 dBm/MHz 15 MHz above the edge of the carrier. So even if the wide carriers were located below 845 MHz, using the logic in [5], the emissions at 859 MHz could be as high as -15 dBm/MHz. Clearly it is unlikely that a legacy Band 5 duplexer could meet the requirement to provide -27 dBm/MHz protection above 859 MHz. So, brand new duplexers would likely be needed even to meet -27 dBm/MHz. 
Observation 3: Given n5 will enable 15 and 20 MHz carriers, legacy Band 5 duplexers in an n5 device likely cannot meet the -27 dBm/MHz requirement for protecting 859-869 MHz. 

Another issue to consider is that 15 and 20 MHz carriers do not fit into the current A/B/A*/B* US 850 band channel arrangement. With a different arrangement necessary it is much more likely that the wide carriers would be deployed all the way up to the upper edge of n5, at 849 MHz for the uplink. 

Observation 4: 15 and 20 MHz n5 carriers will likely be deployed up to the upper edge of n5 at 849 MHz.

Between the use of wider carriers and the probability of deploying them above 845 MHz, the risk of UE-UE interference from an n5 uplink into a Band26/n26 downlink will be much worse. 

Now, unlike when LTE band 26 was created, n5 cannot be considered to be a legacy band. Relatively speaking, LTE Band 26 is now a legacy band. There are no existing n5 devices and there are no n5 devices under development because the specs do not exist yet. 

Observation 5: NR band n5 cannot be considered to be a legacy band because it has new, wider channel bandwidths and because there are no existing n5 devices. 
At this stage of the development of the NR specs, it would even be possible, although not popular, to add A-MPR to enable n5 devices to protect the Band 26 downlink. 
Observation 6: At this point in the NR specification development process, it would be possible to add A-MPR to allow n5 to provide -50 dBm/MHz protection of Band 26/n26.  

Since Band 26 can meet the -50 dBm/MHz protection for the Band 26 downlink, it seems reasonable that an n5 UE using a Band 26 duplexer could meet the -50 dBm/MHz protection for 859-869 MHz with a 15 MHz carrier. It is not obvious to us if the protection level could be met with a 20 MHz carrier, so this would have to be considered.

Observation 7: It is likely that an n5 UE with a 15 MHz carrier using a Band 26 duplexer can meet the -50 dBm/MHz protection for the Band 26 downlink in 859-869 MHz.  
A side benefit of requiring n5 to provide -50 dBm/MHz protection for 859-869 MHz would be to enable n5 to be deployed in the Band 19 spectrum in Japan where -40 dBm/MHz is required for 860-890 MHz. This would expand the n5 ecosystem and enhance global roaming capabilities. 

Observation 8: Requiring n5 to provide -50 dBm/MHz protection for 859-869 MHz would enable n5 to be deployed in the Band 19 spectrum in Japan, which would expand the n5 ecosystem and enhance global roaming capabilities.

Because of the dangers posed by n5 to the Band 26/n26 downlink, and the opportunity provided by a new generation of technology specifications, some of the operators with Band 26 licenses feel compelled in the name of our customers to insist on -50 dBm/MHz protection for the entire Band 26/n26 downlink of 859-894 MHz. 
3. Conclusion
Based on the following observations:

Observation 1: The current US 850 MHz band plan limits 10 MHz carriers to below 845 MHz where ever a single operator does not control both the A/A* and the B/B* blocks.
Observation 2: -27 dBm/MHz was chosen for protection of 859-869 MHz, not because it was believed to be sufficient protection for the Band 26 downlink, but because the existing Band 5 duplexers could only provide 2 dB of attenuation at 859 MHz.
Observation 3: Given n5 will enable 15 and 20 MHz carriers, legacy Band 5 duplexers in an n5 device likely cannot meet the -27 dBm/MHz requirement for protecting 859-869 MHz.
Observation 4: 15 and 20 MHz n5 carriers will likely be deployed up to the upper edge of n5 at 849 MHz.
Observation 5: NR band n5 cannot be considered to be a legacy band because it has new, wider channel bandwidths and because there are no existing n5 devices.

Observation 6: At this point in the NR specification development process, it would be possible to add A-MPR to allow n5 to provide -50 dBm/MHz protection of Band 26/n26.  
Observation 7: It is likely that an n5 UE with a 15 MHz carrier using a Band 26 duplexer can meet the -50 dBm/MHz protection for the Band 26 downlink in 859-869 MHz.  
Observation 8: Requiring n5 to provide -50 dBm/MHz protection for 859-869 MHz would enable n5 to be deployed in the Band 19 spectrum in Japan, which would expand the n5 ecosystem and enhance global roaming capabilities.
Because of the dangers posed by n5 UE emissions into to the Band 26/n26 downlink, the feasibility of a very reasonable solution, and the opportunity provided by a new generation of technology specifications, some of the operators with licences toward the lower end of Band 26 feel compelled in the name of our customers to insist on -50 dBm/MHz protection for the entire Band 26/n26 downlink of 859-894 MHz.
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