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Introduction
A work item [1] has been agreed to define new band for LTE NB-IoT in the extended L band frequency range.  Initial agreements were captured in [2], including UE RF requirements such as in-band blocking and out-of-band blocking.  The proposals and agreements were to at least start with the existing requirements in TS 36.102 for further discussion.  This contribution also introduces recommendations from ECC Report 263 [3] and describes how those may impact the UE blocking requirements to be specified for the extended L band.
Discussion
The ECC has conducted an extensive study [3] of the compatibility and coexistence between IMT and MSS systems in the 1.5 GHz frequency range.  Of particular focus was the interference between IMT systems operating in frequency ranges up to 1517 MHz and MSS systems operating in frequency ranges starting from 1518 MHz.  Since the two systems are nearly adjacent in frequency, it was expected that compatibility may be a challenge and therefore frequency separation, i.e., guard bands, of 1, 3, and 6 MHz were studied.  The ECC Report 263 concludes “there will be some interference irrespective of the selected frequency separation” and “at frequency separations of 3 MHz and 6 MHz the interference from IMT OOBE is reduced but the interference due to receiver blocking remains high for current MESs.” The ECC Report 263 concludes the following
Based on the final results of its compatibility studies, it is concluded that: 
The minimum in-band blocking characteristic for land mobile earth stations receivers from a 5 MHz broadband signal interferer (LTE) operating below 1518 MHz shall be −30dBm above 1520 MHz[footnoteRef:1]; [1: ] 

The base station unwanted emission limits e.i.r.p. for a broadband signal interferer (LTE) operating below 1518 MHz shall be −30dBm/MHz above 1520 MHz. This figure is 10 dB more stringent than ECC Decision (13)03 due to a different service in the adjacent band.
It is noted that the IMT block ends at 1517 MHz.

 when the MES operates above 1520 MHz

It is therefore proposed that the UE blocking for the extended L-band be adjusted from the baseline already in 36.102 for other NTN bands to reflect the ECC findings.
Proposal:  The UE blocking specifications for extended L-band (Band [253]) shall take into account the findings of ECC Report 263.
One conclusion from the ECC Report 263 is an enhanced blocking capability for the UE starting from 1520 MHz.  The expectation from the ECC is there will be frequency separation between IMT and MSS of at least 3 MHz.  The implementation of this guard band is discussed in [4].  The remainder of this paper assumes a frequency separation of at least 3 MHz; in the absence of such frequency separation, the proposed blocking will not be adequate to facilitate coexistence between IMT and MSS.
Observation:  The blocking requirements considered in this paper assume at least 3 MHz frequency separation between IMT and MSS.  In the absence of such frequency separation, the blocking requirements considered in this paper will be inadequate to facilitate coexistence between IMT and MSS in accordance with ECC Report 263.
The ECC recommends a blocking specification such that the UE can tolerate a 5 MHz modulated interfering signal separated by 3 MHz with a received power of -30 dBm.  On the other hand, 3GPP specifications for Cat-M1, NB1, and NB2 include ACS, in-band blocking case 1 and case 2, and out-of-band blocking range 1, 2, and 3.  The blocking scenarios are illustrated below
[image: ]
Figure 1.  Blocking scenarios for Cat NB1/NB2
[image: ]
Figure 2.  Blocking scenarios for Cat M1
As can be seen in the above diagrams, the blocking scenario recommended by ECC is significantly different from the existing ACS, in-band blocking, and out-of-band blocking specifications for Cat M1, NB1, and NB2.  It appears the ECC blocking scenario represents a much more challenging blocking requirement in that the blocker is not only separated by 3 MHz, but it is received at a much higher power level and is much wider in bandwidth (for Cat M1) than the existing specifications.  
The technical feasibility of the blocking scenario should be evaluated.  The following parameters are proposed to be aligned for the purpose of conducting this evaluation
Power of wanted signal = Refsens + [9]
Wanted signal bandwidth = 1.4 MHz for Cat M1 centered at 1520.7 MHz
Wanted signal bandwidth = 200 kHz for Cat NB1 and NB2 centered at 1520.1 MHz
Power of blocker = -30 dBm
Bandwidth of blocker = 5 MHz
Center frequency of blocker = 1514.5 MHz
For the purpose of this evaluation until otherwise determined, the reference sensitivity can be taken to be the same as Band 255.
The RF filter rejection is expected to be minimal at 3 MHz offset, but could be larger for blockers at lower frequencies.  However, the evaluation should be done with the highest frequency blocker at 1514.5 MHz.  The baseband filter may be able to provide rejection.  Unfortunately, the LNA gain state and subsequent IP2 and quantization noise effects as well as phase noise mixing of the interferer at 3 MHz separation will result in in-band noise before the baseband filter has an opportunity to provide any rejection.  
Proposal:  It is proposed to evaluate the feasibility of the blocker requirement as described above.
Note that the interference scenario described above is 14 dB more challenging than IBB2 for Cat M1 and even moreso for Cat NB1/NB2.  The expected outcome is the blocking requirement cannot be met with the existing hardware lineup for LTE UE’s.  The wanted signal power has already been increased to REFSENS + [9] dB to provide some relief but it may not be sufficient.  Some other remedies may include further increasing the wanted signal power and/or increasing the frequency separation for the sake of study.  However, neither of these is practical in a realistic deployment since the received power from the satellite cannot be easily increased (except possibly by reducing the pathloss, better aiming the UE if possible, removing or repositioning clutter if present) and a frequency channel with larger separation may not be available.  If the channel centered at 1514.5 MHz is occupied by a TN, it is not possible to relocate the TN and the only means to increase the frequency separation would be to adjust the NTN channel upwards.  Alternatively, the 3GPP requirement is specified only for lower interfering channels hence not in full alignment with the ECC report’s findings.
Conclusion
The extended L band UE is vulnerable to interference from adjacent terrestrial networks due to the close frequency proximity and the highly disparate received signal powers from TN networks compared to its NTN serving cell.  The ECC has conducted a comprehensive study on the compatibility of these two systems and has drawn conclusions and recommendations to mitigate the interference.  One of these recommendations is for enhanced blocking performance from the extended L band UE.  In this contribution, the blocking scenarios have been described and compared against the existing NTN Cat M1, NB1, and NB2 blocking specifications in TS 36.102.  The following observations and proposals have been presented
Proposal:  The UE blocking specifications for extended L-band (Band [253]) shall take into account the findings of ECC Report 263.
Observation:  The blocking requirements considered in this paper assume at least 3 MHz frequency separation between IMT and MSS.  In the absence of such frequency separation, the blocking requirements considered in this paper will be inadequate to facilitate coexistence between IMT and MSS in accordance with ECC Report 263.
Proposal:  It is proposed to evaluate the feasibility of the blocker requirement as described above.
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