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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 and RAN4#108, but a number of items are still left open.
The following was also agreed:
Agreement: 
· Specify UE receiver blocking requirements by starting with ECC Report 263. Companies are encouraged to study how to capture these requirements in the specification. 
· Study the feasibility of specifying UE receiver blocking requirements at the 1518 MHz band edge and at the 1520 MHz channel offset.

In this document, we wish to propose input on UE RF requirements, including feasibility of  UE blocking requirements based on recommendations from ECC Report 263.
UE General Parameters
TX-RX separation
The first item that we wish to examine is the TX-RX frequency separation.  
During RAN4#106bis, the following was agreed:
Agreement:
· Consider if Option 1 can be agreed as a starting point, pending further checking of the frequency range.
· Option1: Agree on Default TX-RX separation of -150 MHz
Now that the frequency range has been agreed and confirmed, the Default TX-RX frequency separation value can be agreed.
We consider that the value of -150 MHz is correct as a baseline starting point.  Currently, TS 36.101 clause 5.7.4F stipulates:
For in-band and guard-band operation mode, the category NB1 and NB2 TX-RX frequency separation is flexible within the assigned channel bandwidth of E-UTRA carrier with the TX-RX frequency separation of the E-UTRA carriers as specified in Table 5.7.4-1. For stand-alone operation mode the default TX-RX frequency separation is the same as Table 5.7.4-1.
Which allows a flexible TX-RX separation for NB1 and NB2 for in-band and guard-band operation.  However, this is not supported for stand-alone operation, and such requirement was inherited by all current NTN bands in TS 36.102.
However, due to the nature of usage of the Extended L-band via satellite, which includes deployment of NTN cells around already existing services, there is a strong benefit in allowing flexibility in the allocation of UL channels vs DL channels across the frequency range.
Observation 1: Flexibility in allocating UL channels in respect to DL channels is extremely beneficial in order to accommodate deployment of NTN cells around existing services within the Band 253 frequency range.
It can also be considered that the minimum TX-RX separation that the band can have is:
1525 – 1668 = -143 MHz 
Even if hypothetically considering an upper limit of the DL inside Band 255, the TX-RX separation is still quite large:
1559 – 1668 = -109 MHz
Given such a large minimum spacing between DL and UL, there is not a risk of possible leakage between TX and RX chains.
Observation 2: Given then large minimum TX-RX separation for Band 253 (-143 MHz), flexible TX-RX separation could be supported.
Furthermore, the totality of the bandwidth of Band 253 is less than 10 MHz, which is very similar to a typical LTE or NR channel FR1 channel BW.
Therefore, we propose to add a note to capture that flexible TX-RX separation is supported for Band 253 at least for category NB1 and NB2 within the operating band, also for stand-alone NTN deployment.
Proposal 1: Agree on the following Default TX-RX separation, including NOTE 1:
Default UE TX-RX frequency separation
	E-UTRA Operating Band
	TX – RX 
carrier centre frequency
separation

	253
	-150 MHz

	NOTE1: For Band 253 stand-alone deployment, for category NB1 and NB2, flexible TX-RX frequency separation within the operating band is supported.




Channel Raster and offset
Secondly, we want to consider the aspects related to channel raster.  
As highlighted already in the previous section, it is expected that NTN cells will be deployed at least initially around a number of pre-existing satellite services co-existing within the same operating bands.  To this end, maximum flexibility in the ability of the NTN operator to allocate carriers flexibly within the operating band is of paramount importance.
Furthermore, when considering deployments in NGSO scenarios, there is a need to accommodate additional Doppler shift, which may require reserving some amount of guard band either at the edge of the operating band, or in some cases within the band, at the edge between NTN cells and non-3GPP service frequency blocks. These guard bands will in many cases likely be smaller or non-multiple of 100 kHz, which is the minimum channel raster for LTE bands.
Observation 3: When considering deployments in NGSO scenarios, there may be a need to accommodate additional Doppler in smaller offsets than the 100 kHz channel raster supported for IoT NTN LTE bands.
To this end, in order to minimize wastage of spectrum, it would be very beneficial to be able to allocate NTN carriers with offsets smaller than the minimum channel raster of 100 kHz. 
The ideal solution would be to adopt a smaller channel raster, of at least 50 kHz. However, this is currently not supported by LTE, therefore it’s not clear whether this is possible for new IoT NTN bands such as Band 253.
Alternatively, a simple solution could be to allow the specification of a non-zero MDL value also for Anchor Carriers carrying NPSS/NSSS in stand-alone NB-IoT NTN deployment.
Proposal 2: Consider the following alternative options to support more flexible accommodation of IoT NTN channels around existing services and around additional guard bands in Band 253:
· Option 1: Specify support for 50 kHz channel raster.
· Option 2: Specify support for non-zero MDL values also for Anchor Carriers carrying NPSS/NSSS in stand-alone NB-IoT NTN deployment

UE Receiver Requirements
ACS and Maximum Input Level
It can be observed that for current IoT NTN bands in TS 36.102, an ACS was specified such that:
Category NB1 and NB2 UE shall fulfil the minimum requirement specified in Table 7.5B-1 for all values of an adjacent channel interferer up to -40 dBm.  
This is in contrast with the default TN ACS requirements from TS 36.101, which state:
Category NB1 and NB2 UE shall fulfil the minimum requirement specified in Table 7.5.1F-1 for all values of an adjacent channel interferer up to –25 dBm
A similar discrepancy can be observed in the value for Maximum Input Level, which in TS 36.102 for NTN bands is captured as:
Category NB1 and NB2 UE maximum input level requirement is -40 dBm. For this input level the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2 of TS 36.101 [7].
This is again in contrast to the default TN Maximum Input Level value, which in TS 36.101 is:
Category NB1 and NB2 UE maximum input level requirement is – 25 dBm. For this input level the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2.
This discrepancy in the ACS and Maximum Input Level could be in principle justified by the fact that NTN DL signals are expected to be weaker than TN signals, at the input of the UE receiver, and that the UE receiver implementation would bias its dynamic range to privilege the higher sensitivity, in order to capture lower power signals from NTN downlinks.
However, it can also be observed that, on the other hand, the REFSENS value is aligned for cat NB1 and NB2 for both TN and NTN bands, as can be seen by comparing TS 36.102 with TS 36.101.
TS 36.102:
Table 7.3B-1: Reference sensitivity for UE category NB1 and NB2
	Operating band
	REFSENS [dBm]

	According to subclause 5.2B
	- 108.2


TS 36.101:
Table 7.3.1F.1-1: Reference sensitivity for UE category NB1 and NB2
	Operating band
	REFSENS [dBm]

	According to subclause 5.5F
	- 108.2 



This discrepancy in the treatment of ACS and Max Input Level requirements compared with REFSENS will inherently result in an NTN UE receiver that has significantly worse performance in the presence of interference, both from other NTN transmissions, as well as from TN interferers by being quickly driven into saturation, whilst at the same time not providing any additional benefit in terms of sensitivity.
Proposal 3: For Band 253, consider revisiting REFSENS, ACS and Max Input Level values compared to what is currently specified for other NTN bands in TS 36.102.


UE Blocking Requirements
In this section we set out to provide further input on the UE receiver blocking requirements as recommended by ECCC Report 263 and 299.
One thing that can be noted is that there are 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.  
In fact, 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. 
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:
[image: ]
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.
For the time being, 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 blocking also at the 1518 MHz edge of the band, to address remaining out of band emissions from TN carriers further away from the NTN UE receiver in either frequency or space.
[image: ]
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 RX RF frontend filter, another one at a specific channel offset within the operating band, aligned with the 1520 MHz frequency point.
Proposal 4:  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.  
In terms of the values for the blocking requirements, it is important to take into account the assumed interferer values by the ECC Report 263 for the corresponding frequency offsets:
[bookmark: _Ref458809514]Table 8: Assumed blocking level for enhanced MES receivers
	Frequency separation 
between channel edges
	Interference level 
(at output of receiving antenna)

	1 MHz
	–55 to –45 dBm

	3 MHz
	–35 to –30 dBm

	6 MHz
	–30 to –25 dBm



Taking also into account the expected interferer value at the 1520 MHz offset as recommended by the ECC Report:
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:2], [2:  when the MES operates above 1520 MHz] 


Proposal 5: Use -30 dBm as the interferer level for UE In-band blocking requirements at least for all cases considering an in-band interferer of 5 MHz channel BW located with center frequency at 5.5 MHz offset from the NB-IoT DL channel edge.

Conclusion
In this paper we discuss additional UE requirements including blocking requirements applicable to the Extended L-band:
Observation 1: Flexibility in allocating UL channels in respect to DL channels is extremely beneficial in order to accommodate deployment of NTN cells around existing services within the Band 253 frequency range.
Observation 2: Given then large minimum TX-RX separation for Band 253 (-143 MHz), flexible TX-RX separation could be supported.
Proposal 1: Agree on the following Default TX-RX separation, including NOTE 1:
Default UE TX-RX frequency separation
	E-UTRA Operating Band
	TX – RX 
carrier centre frequency
separation

	253
	-150 MHz

	NOTE1: For Band 253 stand-alone deployment, for category NB1 and NB2, flexible TX-RX frequency separation within the operating band is supported.



Observation 3: When considering deployments in NGSO scenarios, there may be a need to accommodate additional Doppler in smaller offsets than the 100 kHz channel raster supported for IoT NTN LTE bands.
Proposal 2: Consider the following alternative options to support more flexible accommodation of IoT NTN channels around existing services and around additional guard bands in Band 253:
· Option 1: Specify support for 50 kHz channel raster.
· Option 2: Specify support for non-zero MDL values also for Anchor Carriers carrying NPSS/NSSS in stand-alone NB-IoT NTN deployment
Proposal 3: For Band 253, consider revisiting REFSENS, ACS and Max Input Level values compared to what is currently specified for other NTN bands in TS 36.102.
Proposal 4:  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 5: Use -30 dBm as the interferer level for UE In-band blocking requirements at least for all cases considering an in-band interferer of 5 MHz channel BW located with center frequency at 5.5 MHz offset from the NB-IoT DL channel edge.
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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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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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