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1. Introduction

One of the key remaining topics to be resolved to complete the work item for Band 26 is coexistence.  Because Band 26 is intended to be a global band, a number of different coexistence scenarios must be considered and specifications should accommodate those to the extent possible and foreseeable.  However, due to the time pressure to close the work item by RAN #53 in September, it is impractical to take such a broad approach.  We therefore reduce the focus and effort to concentrate on only a few previously identified coexistence scenarios [4].  This contribution only discusses coexistence as it pertains to the UE; furthermore, only the out-of-band and spurious emissions are considered. Receiver blocking is not considered in this paper.
2. Discussion

2.1. Coexistence with 3GPP defined bands

The first aspect of coexistence to consider is the UE coexistence between 3GPP bands.  We consider the coexistence between existing 3GPP bands as well as those which have been approved as active work items.  The bands which are in close proximity are Band 5, Band 18, Band 19, Band 27, and the APAC 700 MHz band.  In general, we assume that coexistence emission limits could be set to -50dBm/MHz and A-MPR would be allowed as needed for the Band 26 UE to be able to meet these limits.  Since the coexistence conditions may be regional, the limit and A-MPR allowance may be conditionally applied by NS signaling.
1. Band 5 into Band 26.  This topic was discussed previously in [5].  It was described that a Band 5 device would not necessarily be able to provide -50dBm/MHz protection to the lower portion of Band 26’s downlink since this portion lies within the duplex gap of Band 5.  Band 5 is an existing legacy band so its requirements can not be changed and A-MPR can not be added; therefore, it was proposed to raise the emission limit to -27dBm/MHz as this could be met by existing implementations.  A level of -30dBm/MHz was also proposed based on simulations in [6].  It was noted that such an increase in the emission limit could subject the Band 26 device to more interference.  It was also noted that the proposal of -27dBm/MHz is based on Band 5 UE implementation feasibility and does not imply that this level of interference is necessarily sufficient for coexistence of other services in the range from 859 – 869 MHz.
2. Band 26 into 860 – 895 MHz (Band 18 and Band 19).  Band 26 is a superset of Bands 18 and 19.  These bands have an obligation to protect the downlink range 860 – 895 MHz by -40dBm/MHz.  As discussed in [6], this requirement as well as the NS_08 signaling condition should be inherited by Band 26, however, by virtue of the Band 26 duplexer, this emission requirement can be easily met without the need for A-MPR.  
3. Band 1, 9, 18, 19, 11, and 21 into Band 26.  These region-specific bands are already required to protect the range from 860 – 895 MHz at a level of -40dBm/MHz (when NS_08 is signaled for Band 19) or -50dBm/MHz.  This will also provide protection to the subset of Band 26 which could be available in Japan.  Coexistence for the portions of Band 26 outside of this range is not required for Japan-specific bands since those frequencies are not permitted for UTRA or E-UTRA operation in Japan. 
4. Band 26 into Band 27.  There is 2 MHz of separation from the uplink of Band 26 to the downlink of Band 27.  Assuming an emission requirement of -50dBm/MHz, an A-MPR will be required for the Band 26 UE to be able to comply.  Since Band 26 and Band 27 may not be simultaneously deployed in the same geographical area, this condition should be signaled by a new NS value for the band.
5. Band 26 into APAC700.  There is 11 MHz separation from the uplink of Band 26 to the downlink of the APAC700 band.  Assuming an emission requirement of -50dBm/MHz, an A-MPR will be required for the Band 26 UE to be able to comply.  Since Band 26 and APAC700 may not be simultaneously deployed in the same geographical area, this condition should be signaled by a new NS value for the band.
6. All other bands (excluding Region 1) should be specified for protection into and from Band 26 since this is to be a global band.  These include the primarily Region 2 bands 2, 4, 10, 12, 13, 14, 17, 24 as well as the TDD bands 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, and 43.  Coexistence with these bands has not been specifically studied since most of these seem benign due to large frequency separations, but duplexer flyback may be a consideration.
2.2. Coexistence with ISM

This topic has not been previously discussed and 3GPP has not traditionally provided explicit protection to the ISM band at 2.4 GHz.  Nonetheless, it may be worth noting that the third harmonic from the uplink of Band 26 may interfere with ISM services at 2.4 GHz.  Whereas the 3rd harmonic of Band 5 extends to 2472 MHz and therefore manages to avoid almost the entirety of the ISM band, the 3rd harmonic of the lower part of Band 26 can cause interference to more than half of the ISM band where Bluetooth and 802.11 may be operating.  Note that a similar problem exists for Band 18 as well.
2.3. Coexistence with public safety networks below Band 26
In the United States, the coexistence conditions with public safety are illustrated in Figure 1 as provided in [1].
[image: image1.png]*Up-Link

*[mHz;

*Public

Safety B/ILT
Non-Cellular
SMR

T

spueg.
a3y

«[MHZ]
Down-lLink




Figure 1.  800 MHz public safety spectrum in the United States
It can be seen that coexistence conditions with public safety exist both above and below Band 26.  As detailed in [2], there are a number of FCC regulatory requirements which govern operation in this spectrum.  It is stated in [2] that the requirement for the PLMR band from 806 to 816 MHz is -13dBm where the measurement bandwidth is unclear.  It has been assumed [7] that the measurement bandwidth is 100 kHz.  
However, in spite of the FCC regulatory requirement, it is proposed in [3] that emission limits be set tighter.  The justification for tighter limits is a network simulation which suggests that for the particular scenario studied, a limit of -35dBm/6.25 kHz or an even tighter limit of -43dBm/6.25 kHz may be necessary to ensure a small outage probability for the public safety network.
As with any coexistence analysis, a careful balance must be sought which on the one hand provides protection to the victim yet on the other hand does not unduly cripple the aggressor.  In this case, the FCC has already provided guidance on the level of emissions necessary to protect services in this band.  That guidance, however, was originally provided with certain assumptions of the service type to be provided in this band; for example, narrowband services.  Therefore, it is reasonable that the limits could be reconsidered in anticipation of deploying up to 15 MHz LTE in the band.  However, while it may be tempting to take a very conservative approach towards protecting public safety by imposing very tight emission requirements, it would be advisable to also consider the impact to the LTE system.  To meet tight emission requirements will necessitate the UE to reduce its uplink transmission power.  Furthermore, due to possible counterIM3 issues and the close proximity of the public safety band, the PUCCH control channels may be affected.  Depending upon the amount of backoff required, the cell size may have to be shrunk for the Band 26 LTE network.  PA spectral regrowth assuming 30dB E-UTRA ACLR already contributes approximately -37dBm/6.25 kHz noise at 816 MHz.  CounterIM3 performance would be required to be better than 50dB to achieve -43dBm/6.25 kHz.
On the other hand, we should consider the impact to public safety as presented in [3].  The simulations results seem overly conservative.  For example, given that the public safety basestation antenna height is assumed to be 100m and the LTE UE antenna height is 1.5m, there is at least 98.5m free space separation between the two.  At 850 MHz in free space, this amounts to at least 70dB of path loss.  At this separation, the power received at the public safety basestation antenna is -123 dBm (compare to basestation sensitivity of -114 dBm)  if the emission limit of -43dBm is imposed.  This is for the UE that is sitting directly underneath the public safety basestation antenna and transmitting at maximum power.  All other UE’s will be further away with larger path loss as well as power controlled.  Moreover, since it will not be possible for all UE’s to be transmitting simultaneously with maximum RB allocation, the emission is likely to be much lower than the -43dBm as the PA regrowth decays with frequency separation.
The appropriate compromise to achieve both goals of protection to public safety and maximizing utility of the spectrum for LTE may be to adopt an emission requirement of -35 dBm/6.25 kHz.  Indeed, it is noted in the conclusion of [3] that this limit, borrowed from the FCC regulation to protect public safety at 700 MHz, would yield much better protection than the current FCC limit at 800 MHz. 
One additional issue does remain to be addressed.  Band 26, as proposed, extends down to 814 MHz in its uplink; however, under the FCC’s band plan, the public safety allocation can conceivably reach as high as 816 MHz.  Thus, for those regions where public safety is deployed up to 816 MHz, the lower 2 MHz of Band 26 is not usable.  The rest of Band 26 may be usable, but may require A-MPR to meet the proposed -35dBm/6.25kHz emission limit.  Therefore, an NS value and associated A-MPR should be defined to cover this case.

2.4. Coexistence with public safety networks above Band 26

As shown in Figure 1, public safety is also allocated spectrum starting at 851 MHz.  This is 2 MHz away from the uplink of Band 26.  It has been proposed in [4]  that an emission limit of -57dBm/6.25 kHz be adopted similar to the NS_07 limit for Band 13.  The FCC limit here [2] also appears to be -13dBm/100 kHz, so the proposed value is 32dB tighter than the FCC limit.  The implication to the LTE network at the upper end of Band 26 to meet this emission limit is much more severe.  As an analogy, it can be seen that NS_07 for Band 13 allows as much as 12dB of A-MPR and PUCCH overprovisioning to meet a similar emission requirement.  However, it is anticipated that the A-MPR required will be even larger for Band 26 than for Band 13 NS_07.  The maximum bandwidth supported by Band 13 is 10 MHz whereas the maximum bandwidth proposed for Band 26 is 15 MHz.  In the future, there may also be the possibility for intraband carrier aggregation in Band 26 which would lead to even wider bandwidths.  Furthermore, while Band 13 was a new band and was able to benefit from new component designs tailored specifically for LTE, Band 26 is a more generic band which includes Band 5, Band 18, and Band 19.  Band 26 also has a more challenging duplexer design required to support a wider band.  Therefore, it may not be reasonable to build specifications around the assumption that linearity, regrowth, counterIM, RSB and other aspects of performance similar to Band 13 can be achieved.  It is therefore expected that the A-MPR required for Band 26 to meet the -57dBm/6.25kHz emission limit proposed will be as high as 17dB for counterIM of 50dB.  This would render the upper part of the band nearly useless for wide bandwidth LTE deployment in areas where public safety coexistence is required at a level of -57 dBm.  
The appropriate compromise may also be a limit of -35 dBm/6.25 kHz.  We note that this is the FCC limit to protect public safety in the 700 MHz bands.  This is the limit that is imposed on Band 13 unless NS_07 is signaled.  This is the limit imposed on Band 14 unconditionally.  It may be appropriate to set this limit for Band 26 as well, which would represent a 10dB tightening compared to the current FCC limit in 800 MHz.  It is expected that this limit of -35dBm/6.25 kHz could be met without the need for A-MPR; therefore, the LTE network could be used to maximum potential.
2.5. Coexistence with other regional requirements

The above discussion on public safety coexistence has been focused on regulatory requirements in the United States.  However, Band 26 has been identified as a potential global band and coexistence requirements in Korea, Latin America, Japan, China, Australia, and other regions should be incorporated to the extent possible.  However, due to the lack of time, we have focused on the United States.  We note, however, that requirements for Japan have already been accounted for in as described previously.  In Korea, there is a PPDR public safety allocation similar to the United States but perhaps extending up up to 824 MHz instead of 816 MHz.  Therefore, similar emission limits, A-MPR, and NS value could be applied in Korea as well, but over the larger frequency range.  Other regions are not specifically treated with the hope that those regions could develop spectrum plans which align with the requirements defined here.
2.6. Proposal

We propose the following

1. Band 5 emissions of [–27] dBm/MHz from 859 – 869 MHz.  Maintaining square brackets enables confirmation that this is in compliance with regulatory requirements.
2. An NS value is introduced and an A-MPR value defined to meet [-50]dBm/MHz emissions into Band 27.  An editorial complication arises because Band 26 will be defined in the Rel-10 specifications, but Band 27 will not be defined until possibly Rel-11.  Therefore, the Rel-10 specification can not refer to Band 27 as such, but must instead use its anticipated frequency range.  Square brackets are appropriate since the Band 27 coexistence requirements have not been agreed yet, but by convention, most bands are afforded -50dBm/MHz protection so it is reasonable to expect the same here.
3. An NS value is introduced and an A-MPR value defined to meet [-50]dBm/MHz emissions into APAC700 FDD.  Similar comments made for Band 27 apply here as well.
4. An NS value is introduced and an A-MPR value defined to meet [-50]dBm/MHz emissions into APAC700 TDD.  Note that APAC700 FDD and APAC700 TDD will be two separate bands and the frequency range requiring protection will be different for each.

5. Potential third harmonic interference into the ISM band is documented in the TR. It is not necessary or appropriate to document this in the technical specifications, in our opinion.

6. An NS value is introduced and an A-MPR value defined to meet -35dBm/6.25 kHz from 806 – 816 MHz.  Note that in some regions, public safety deployments may not cover this entire frequency range; however, it becomes overly cumbersome to define frequency ranges and A-MPR values on a region-by-region basis, so we propose a single NS value which covers the entire range be defined.  Note also that in this case, the lowest 2 MHz of Band 26 may not be used for LTE.
7. An NS value is introduced and an A-MPR value defined to meet -35dBm/6.25 kHz from 851 – 861 MHz. Note that in some regions, public safety deployments may not cover this entire frequency range; however, it becomes overly cumbersome to define frequency ranges and A-MPR values on a region-by-region basis, so we propose a single NS value which covers the entire range be defined.

8. An NS value is introduced and an A-MPR value defined to meet -35dBm/6.25 kHz from 806 – 824 MHz for PPDR protection.

3. Conclusion

In this contribution, we have evaluated the primary coexistence conditions for successful Band 26 operation.  We have evalauted the coexistence requirements between Band 26 and the existing or in-progress 3GPP bands as well as the conditions surrounding coexistence with public safety services in the United States.  We have proposed emission limits for each of these conditions and NS signaling, but the A-MPR values still remain to be resolved.
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