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Introduction
RAN#99 approved a New Work Item for the specification of a new 3GPP LTE band addressing the MSS Extended L-band, with frequency range of 1518-1525 MHz DL and 1668-1675 Mhz UL, focusing on IoT NTN support (Cat M1 and Cat NB1, NB2) [1].
The need for further discussion of additional UE blocking requirements was identified during discussion at RAN4#106-bis-e [2].
The discussion has further continued during RAN4#107, but a number of items are still left open.
In this document, we wish to propose an approach to UE RF requirements, including UE blocking requirements based on recommendations from ECC Report 263, that could provide a solution to addressing the performance issues due to blocking and out-of-band emissions from base stations in adjacent bands to the Extended L-band DL, whilst maintaining the assumption that the full 7 MHz of DL band will be available to the NTN operator.
Discussion
Although the initial focus of the New IoT NTN Extended L-band WID was proposed for Region 1 [1], with the intent of simplifying the work, in practice the MSS Extended L-band generally has worldwide applicability, with some limited exceptions or specific considerations.  Therefore, a more general set of baseline assumptions for UE requirements needs to be established.
Observation 1: Although the initial focus proposed in the WID was Region 1 [1], the MSS Extended L-band broadly has worldwide applicability, with limited exceptions in specific countries.
However, the number and list of TN bands in scope for coexistence doesn’t change very much compared to just Region 1 scope, since the IMT block ends globally at 1517 MHz.
It can also be assumed that the TN-NTN coexistence assumptions in TR 38.863 applicable for NTN bands 256 and 255 can also be considered valid for Extended L-band.  Therefore, the general set of requirements, including baseline blocking requirements from band 255 could be reused.
Proposal 1: Reuse IoT NTN band 255 core RF requirements as a baseline.  FFS whether the additional receiver blocking requirements to address coexistence with TN bands ending at 1517 MHz and 1512 MHz, as recommended by ECC Report 263 and 299 should be handled as additional requirements or superseding the baseline band 255 requirements.
It should also be noted that general UE RF requirements for extended L-band in the ECC/CEPT countries and other countries adopting ETSI requirements can be based on ETSI EN 301 681 [6].
Proposal 2: Consider additional UE requirements for ECC countries and any other applicable countries based on ETSI EN 301 681.

ECC Report 299, also confirms the identification of additional blocking requirements for MSS receivers at least at 1520 MHz:
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ECC Report 263 stipulates a number of possible measures to improve coexistence between IMT and MSS systems, including the introduction of additional receiver blocking requirements for the MSS UE near the band edge:
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Specifically, ECC Report 263 recommends:
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Observation 2: ECC Reports 263 and 299 identify the benefit of specifying additional receiver blocking requirements in the MSS UE to further protect from blocking signals from terrestrial base stations in adjacent band.

Another key aspect to take into account is the expected UE implementation.  Given the adjacency of the Extended L-band DL (1518-1525 MHz) with the band 255 DL (1525-1559 MHz), it is quite reasonable to expect that, for UE that plan to support Extended L-band, these will also support the existing Band 255.  In this scenario, it is reasonable to assume that both bands will be supported at least in the DL (receive) side with a single combined RF frontend filter (253+255).
Observation 3: It is generally expected that NTN UE supporting Extended L-band (Band 253) will also support Band 255, therefore it is reasonable to assume that a common Rx frontend filter will be used for the DL of 253+255 combined.
To address some of the issues with blocking and interference from OOBE from TN base stations, the R4-2309506 paper submitted at RAN4#107 proposes, as an option, to specify two new NTN bands (instead of a single one), one covering the full DL 1518-1525 MHz range of Extended L-band, one covering a reduced range stopping at 1521 MHz, which would effectively reduce the available DL spectrum from 7 MHz to only 4 MHz.
This has two problems, as noted by R4-2309506 itself:
· It would rob the new NTN band of 3 MHz of spectrum (i.e. roughly 43%), which, given the already comparatively small spectrum allocations to satellite services, would have extremely damaging effects.
· It would cause fragmentation in the ecosystem and unnecessary extra work in the spec.
On the second point, the R4-2309506 paper itself notes that, even in the case where some UE might not support the full band, but opt to support only a reduce subset, in practice the RF frontend would likely be common, and thus support the full range of the band. Quoted below from R4-2309506:
“With a desire to minimize UE fragmentation and UE designs that only support one of the two bands, it should be assumed the UE will carry a common RF front-end between the two bands – this implies that Rx filter will be designed to cover the full band” 
Whilst we are potentially open to allow certain UE to support only a subset of the band to specifically target higher performance in a reduced portion, this would only make sense if the UE implements a dedicated RF frontend, which we don’t think is beneficial in this phase of the NTN specification.
Observation 4: As highlighted in R4-2309506, even if we were to define two separate bands, one with the full DL starting at 1518 MHz and one starting at 1520 MHz, it is unlikely that UE with separate Rx RF frontend will be developed as it will cause fragmentation in the ecosystem. As noted in R4-2309506, “it should be assumed the UE will carry a common RF front-end between the two bands – this implies that Rx filter will be designed to cover the full band”.  Therefore, there is virtually no benefit to actually specifying two different bands.
Proposal 3: Assume a single NTN band 253 will be specified covering the full DL range of 1518-1525 MHz and that the UE RF frontend will align with the 1518 MHz edge.
One thing that can be noted is that there will be a number of scenarios, where the UE will operate either in areas where there are no networks in the adjacent TN bands ending at 1517 MHz, or where the UE will operate far away enough from TN base stations that the blocking signal levels will not be high enough to affect the receiver performance at all.  
However, in such cases, there may still be terrestrial networks that are operating at offsets further away from the UE DL, such as ending at 1512 MHz, which could affect the NTN UE DL receiver.  This is also highlighted by the ECC Reports, such as ECC Report 263:
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In addition to that, ECC Reports identify that also geographical separation can significantly reduce the interference levels into the NTN UE, something that is also dependent on the environment affecting the channel model.  In fact, for a land based UE (or Mobile Earth Station, MES, as referred in the report), a separation distance of slightly above 6 km is considered sufficient to mitigate the blocking effect.  
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In the FR1 NTN coexistence study phase, 1500 m geographical separation was assumed between NTN UE and edge of the TN coverage.  That is different from the ECC Report 263, in which the geographical separation was calculated from the actual Base Station.  This means that the actual TN BS to NTN UE separation assumed during the NTN coexistence phase in TR 38.863 should be read as [TN cell radius] + 1500 m, which may well result in a larger value than the 6100 m identified by ECC Report 263 for Land MES.   In fact, for low gain Land MES, the separation distance at which the interference levels become acceptable is 5000 m.  
For example, TR 38.863 TN deployment assumptions for Rural in fact assume a 7500 m ISD, which would roughly convert to a 3750 m cell radius, which, when adding the 1500 m geographical isolation assumed in the TR, would in fact yield a total separation distance between TN BS and NTN UE of 5250 m, sufficient to meet the ECC Report 263 suggested value at 1 MHz frequency separation at least for low-gain Land UE, which would align with a typical smartphone or IoT NTN use case. 
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Whilst the interference from TN into NTN is and will be a very serious issue that may need to be re-examined further in the future, if we consider the typical use case for a UE attaching to an NTN network when the TN network is not available, a 5 km geographical separation is potentially reasonable at least for use cases such as smartphone and industrial IoT. 
For future use cases such as mission-critical, vehicular, maritime and aeronautical, where either a separation distance is not acceptable, or a higher gain antenna will be used, the problem will be more severe and may need to be re-assessed.
Observation 5:  ECC report suggests that a 5000 m separation between NTN UE and interfering TN BS at 1 MHz away might be enough to keep harmful interference into the NTN UE receiver low at least for low gain land UE.  TR 38.863 assumes a 1500 m geographical separation between NTN UE and edge of the TN cell coverage and a 7500 m ISD for TN deployment, which means the total separation from the TN BS will be [TN cell radius] + 1500m.  If we assume [TN cell radius] =  ISD/2, this would convert to a total of 3750 + 1500 = 5250 m total separation distance.
Proposal 4:  For the time being, re-use TN-NTN coexistence assumptions from TR 38.863, which would yield a total separation distance of 5250 m from TN BS site and NTN UE, at least for low-gain land-based NTN UE, compatible with smartphone and IoT use cases.
Further in line with the recommendations from ECC Report 263, and in cases where either the separation distance cannot be fully met from TN carriers at 1 MHz away, or when dealing with TN carriers further away in frequency, we consider a strong benefit in introducing more stringent blocking also at the 1518 MHz edge of the band, to address remaining out of band emissions from TN carriers further away from the receiver in either frequency or space.
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Figure 1 - Two different TN BS transmission out of band emissions at 1 and 6 MHz offsets from the edge of the NTN band DL.  When the TN carrier is at 6 MHz away from the NTN carrier, either at 1512 or 1517 MHz, the NTN UE receiver benefits from enhanced blocking filter to protect from remaining OOBE.
We therefore propose an approach whereby, whilst maintaining a single operating band definition, based on which a common UE RF Rx frontend is expected to be developed, UE receiver blocking requirements are specified at two different frequency offsets.  One aligned with the edge of the band at 1518 MHz and thus with the expected UE X RF frontend filter, another one at a specific channel offset within the operating band, aligned with the 1520 MHz frequency point.
Proposal 5:  Specify two different UE blocking requirements within the same operating band 253, one at the band edge of 1518 MHz, expected to align with the UE Rx RF frontend filter edge, another one at the appropriate channel offsets corresponding to the 1520 MHz frequency point.  
Proposal 6: With the assumption that the IMT block ends at 1517 MHz, specify the following in-band blocking requirements:
· A blocking requirement of [−30dBm/MHz] aligned with the edge of the band @1518 MHz, to protect the UE NTN receiver from blocking due to out-of-band emissions from TN BS transmissions ending at the 1512 MHz edge.
· An additional in-band blocking requirement of [−30dBm/MHz] starting at the corresponding EUTRA channel offset numbers aligned with the 1520 MHz frequency point, to protect the UE NTN receiver from blocking due to out-of-band emissions from TN BS transmissions ending at the 1517 MHz edge.
Lastly, it is understood that, as also highlighted by ECC Reports, even with the enhanced blocking and with a number of additional protection measures, there are still cases, such as when the NTN UE is not sufficiently far away from a TN BS transmission ending at 1517 MHz, in which the NTN UE may experience degradation ranging from blocking due to high power blocking signal saturating the NTN UE receive frontend, to severe interference due to OOBE or even to moderate interference, leading to some level of degradation.
From our perspective, whilst this issue should be in the future looked at more deeply, carefully and holistically because it can cause severe damage to future NTN networks, for the time being, cannot realistically be addressed any further due to scope and TU budget limitations. 
Therefore, we propose to capture the remaining remarks in the specification, in order to provide awareness on the issue, whilst at the same time not precluding NTN systems to be deployed in this band’s full range down to 1518 MHz.  It will be anyways up to the NTN operator to determine how to best operate the network to minimize impact from harmful interference.
Proposal 7: Add a note to the specification to highlight the risk of harmful interference and that in some situations, depending on vicinity to TN BS in bands ending at 1517 MHz, the NTN UE with DL operating in EUTRA channels from 1518 MHz to 1520 MHz might experience degradation in performance.  


Conclusion
In this paper we discuss additional UE receiver blocking requirements applicable to the Extended L-band:
Observation 1: Although the initial focus proposed in the WID was Region 1 [1], the MSS Extended L-band broadly has worldwide applicability, with limited exceptions in specific countries.
Observation 2: ECC Reports 263 and 299 identify the benefit of specifying additional receiver blocking requirements in the MSS UE to further protect from blocking signals from terrestrial base stations in adjacent band.
Observation 3: It is generally expected that NTN UE supporting Extended L-band (Band 253) will also support Band 255, therefore it is reasonable to assume that a common Rx frontend filter will be used for the DL of 253+255 combined.
Observation 4: As highlighted in R4-2309506, even if we were to define two separate bands, one with the full DL starting at 1518 MHz and one starting at 1520 MHz, it is unlikely that UE with separate Rx RF frontend will be developed as it will cause fragmentation in the ecosystem. As noted in R4-2309506, “it should be assumed the UE will carry a common RF front-end between the two bands – this implies that Rx filter will be designed to cover the full band”.  Therefore, there is virtually no benefit to actually specifying two different bands.
Proposal 1: Reuse IoT NTN band 255 core RF requirements as a baseline.  FFS whether the additional receiver blocking requirements to address coexistence with TN bands ending at 1517 MHz and 1512 MHz, as recommended by ECC Report 263 and 299 should be handled as additional requirements or superseding the baseline band 255 requirements.
Proposal 2: Consider additional UE requirements for ECC countries and any other applicable countries based on ETSI EN 301 681.
Proposal 3: Assume a single NTN band 253 will be specified covering the full DL range of 1518-1525 MHz and that the UE RF frontend will align with the 1518 MHz edge.
Observation 5:  ECC report suggests that a 5000 m separation between NTN UE and interfering TN BS at 1 MHz away might be enough to keep harmful interference into the NTN UE receiver low at least for low gain land UE.  TR 38.863 assumes a 1500 m geographical separation between NTN UE and edge of the TN cell coverage and a 7500 m ISD for TN deployment, which means the total separation from the TN BS will be [TN cell radius] + 1500m.  If we assume [TN cell radius] =  ISD/2, this would convert to a total of 3750 + 1500 = 5250 m total separation distance.
Proposal 4:  For the time being, re-use TN-NTN coexistence assumptions from TR 38.863, which would yield a total separation distance of 5250 m from TN BS site and NTN UE, at least for low-gain land-based NTN UE, compatible with smartphone and IoT use cases.
Proposal 5:  Specify two different UE blocking requirements within the same operating band 253, one at the band edge of 1518 MHz, expected to align with the UE Rx RF frontend filter edge, another one at the appropriate channel offsets corresponding to the 1520 MHz frequency point.  
Proposal 6: With the assumption that the IMT block ends at 1517 MHz, specify the following in-band blocking requirements:
· A blocking requirement of [−30dBm/MHz] aligned with the edge of the band @1518 MHz, to protect the UE NTN receiver from blocking due to out-of-band emissions from TN BS transmissions ending at the 1512 MHz edge.
· An additional in-band blocking requirement of [−30dBm/MHz] starting at the corresponding EUTRA channel offset numbers aligned with the 1520 MHz frequency point, to protect the UE NTN receiver from blocking due to out-of-band emissions from TN BS transmissions ending at the 1517 MHz edge.

Proposal 7: Add a note to the specification to highlight the risk of harmful interference and that in some situations, depending on vicinity to TN BS in bands ending at 1517 MHz, the NTN UE with DL operating in EUTRA channels from 1518 MHz to 1520 MHz might experience degradation in performance.  
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To minimise any potential blocking of next generation MES receivers, CEPT concluded in ECC Report 263
that the minimum in-band blocking characteristic for land mobile earth station receivers from a 5 MHz
broadband signal interferer (LTE) operating below 1518 MHz shall be =30 dBm above 1520 MHz, noting that
the IMT block ends at 1517 MHz. The same blocking requirement as used for land mobile is assumed for
next generation maritime and aeronautical MESs. This Report also addresses proportionate solutions for
currently operating maritime and aeronautical MESs, that do not meet this blocking requirement.
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Based on the findings of this report, the following mitigation techniques could further improve the
compatibility between IMT and MSS around 1518 MHz:

The interference due to IMT OOB emissions can be reduced by improved filtering on the IMT base
station.

The interference due to blocking can be reduced by improving the MES resilience to LTE blocking
signals in the adjacent band.

Either adding location based frequency allocation to MSS to avoid the use the lower couple of MHz
and/or, implementing interference avoidance which would in addition allow for a better frequency
utilisation of the lower part of the 1518-1559 MHz frequency band for MSS. The feasibility and impact of
these techniques have not been assessed.
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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°,
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With the assumed values for IMT e.i.r.p. and OOBE and current values of MES receiver blocking, the
interference at 1 MHz frequency separation is high from both IMT OOBE and MES receiver blocking.
However, 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.
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With 1 MHz frequency separation, the required separation distances range from 435-6100 m for land MESs;
from 8800-13600 m for sea MESs; and from 7700-16500 m for aircraft MESs.

With 3 MHz frequency separation, the required separation distances range from 10-1550 m for land MESs;
from 400-3400 m for sea MESs; and from 400-4585 m for aircraft MESs.

With 6 MHz frequency separation, the required separation distances range from 10-1100 m for land MESs;
from 300-1300 m for sea MESs; and from 300-2000 m for aircraft MESs.
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