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Introduction
Following the completion of the initial functional specification of IoT NTN in Release 17, and due to the lack of time that caused RF Core and Performance work, including initial band specifications, to fall into the Release 18 timeframe, a number of Work Items have since introduced the specification of LTE bands for the deployment of IoT NTN (Cat M1 and Cat NB1, NB2) during the timeframe of Release 18. 
The specified bands for IoT NTN so far include Band 255, Band 256, and the ongoing specifications for Band 254 and Band 253.  
Discussion
In this paper, we wish to propose the introduction of flexible TX-RX separation for IoT NTN within all the NTN FR1 operating bands.  
During RAN4#108bis, as part of the Work Item on the introduction of Extended L-band for IoT NTN, the following was agreed [1]:
Agreement:
· Agree the follow bullets as a starting point.
· Agree on the following Default TX-RX separation:
· Default UE TX-RX frequency separation
	E-UTRA Operating Band
	TX – RX 
carrier centre frequency
separation

	253
	-150 MHz



· Based on operator input, there is a strong desire to consider flexible TX-RX separation for the band itself, and moreover for NTN FR1 bands, provided the frequency separation is sufficiently large.  For next meeting, companies to further check if this can be supported.

The agreement listed above highlights a strong desire by NTN operators to have more flexibility in the frequency allocation and relationship between DL and UL.  This is a feature that is typically already supported by existing non-3GPP satellite systems, and is quite fundamental to efficient NTN operation both on current and future space segment.
During the discussions in RAN4#108 and RAN4#108-bis, many companies commented that it would be best to address this requirement in a way that is not specific to only one NTN band (i.e. Band 253), but rather generally applicable to all LTE bands for IoT NTN.
This is a valid suggestion, as interest for flexible TX-RX separation had already been manifested during the work on new NR NTN L/S Band.
It should be noted that, at least for in-band operation, the current terrestrial specifications allow for flexible TX-RX separation for both Cat M1 (eMTC) and Cat NB1/NB2 (NB-IoT) within the assigned E-UTRA (and NR) carrier.
For reference, TS 36.101 clauses 5.7.4E and 5.7.4F stipulate:
5.7.4E	TX–RX frequency separation for category M1 and M2
For the category M1 and M2 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.
5.7.4F	TX–RX frequency separation for category NB1 and NB2
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 in both cases allow a flexible TX-RX separation for M1, NB1 and NB2 for in-band and guard-band operation at least within the boundaries of the parent E-UTRA (or NR) channel.  It appears though as that this flexibility is not explicitly supported for stand-alone operation, and such requirement was inherited by all current NTN bands in TS 36.102, which were baselined on stand-alone operation.  However, it is apparent that, in order for a Cat M1 or Cat NB1/NB2 to satisfy the requirement to support Flexible TX-RX separation for In-band and guard band, the UE must be able to support the capability in general, therefore we do not see any obstacle in supporting this capability also for standalone deployments.
Observation 1: TS 36.101 already specifies the option for Flexible TX-RX frequency separation for both Cat M1 and Cat NB1/NB2, at least for in-band and guard band operations.  Thus, implying that the corresponding Cat M1 and Cat NB1/NB2 UE are implicitly expected to be able to support Flexible TX-RX separation at least within the parent LTE or NR channel BW.

In particular, due to the nature of usage of the NTN bands via satellite, which include deployment of NTN cells around already existing services and a much stronger need for flexible frequency allocation, there is a strong need and benefit for allowing flexibility in the allocation of UL channels vs DL channels across the frequency range in an unpaired manner.  As previously mentioned, this is a feature that is typically already supported by existing non-3GPP satellite systems, and is quite fundamental to efficient NTN operation both on current and future space segment
Observation 2: Flexibility in allocating UL channels in respect to DL channels is a typical mode of operation for existing satellite systems and is becoming a strong requirement for NTN, in order to accommodate deployment of NTN cells around existing services within the NTN bands frequency range.
In the future, NTN technologies will likely be deployed in a combination of standalone, in-band and guard band, as soon as new or enhanced space segment and ecosystem maturity allow.  This will place a strong requirement for aligning technologies especially when deployed from the same Satellite Access Node (SAN).
Current IoT NTN deployments, however, are focused on standalone deployment, as specified by the initial version of the standard, therefore, the capability for flexible frequency allocation is extremely crucial already in this early phase.  
It can also be considered that for all presently-specified NTN bands, the minimum TX-RX separation that the band can have is relatively large, as can be seen by the table below:
	Band
	Frequency Range (MHz)
	Total Bandwidth (MHz)
	TX-RX Separation Min-Max (MHz)

	255
	DL 1525 - 1559, UL 1626.5 - 1660.5
	34
	-67.5 to -135.5

	253
	DL 1518 - 1525, UL 1668 - 1675
	7
	 -143 to -157 

	255+253
	DL 1518 - 1559, UL 1626.5 - 1660.5, 1668 - 1675
	41
	 -67.5 to -157

	256
	DL 2170 - 2200, UL 1980 - 2010
	30
	160 to 220

	254
	DL 2483.5 - 2500, UL 1610 - 1626.5
	16.5
	857 to 890



Even in the worst case, the smallest frequency separation seen is -67.5 MHz.
Given this minimum spacing between DL and UL, we consider that flexible TX-RX separation could be supported. Given also the supported channel BWs are very close if not equivalent to the total bandwidth of the operating bands, it should be possible to support flexible TX-RX separation for IoT NTN services also for standalone deployment within the totality of the operating band, or, at the very least, the largest supported NR channel BW for the given operating band.
For context, the currently supported NR NTN channel BWs are as such:
	Band
	Supported Channel BWs

	255
	5, 10, 15, 20, 30*

	256
	5, 10, 15, 20, 30*

	254
	5, 10, 15

	253
	5

	*NOTE: nominal support being specified in Release-18 



Observation 3: Given the minimum TX-RX separation even in the worst case, it should be possible to support flexible TX-RX separation for all of the NTN bands.
Therefore, we propose to consider specifying the support for Flexible TX-RX separation at least for IoT NTN categories M1,  NB1 and NB2 within the corresponding operating band, also for stand-alone NTN deployments, and as a minimum within the constraints of the maximum supported channel BW by the corresponding NR NTN operating bands.
Proposal 1: Introduce Flexible TX-RX separation for IoT NTN (both Cat M1 and NB1, NB2) within all the NTN FR1 bands
Proposal 2: For Flexible TX-RX Separation for IoT NTN, consider separation ranges to span the total bandwidth of the given operating band, or at least within ranges corresponding to the maximum corresponding supported NR channel BWs.

Conclusion
Observation 1: TS 36.101 already specifies the option for Flexible TX-RX frequency separation for both Cat M1 and Cat NB1/NB2, at least for in-band and guard band operations.  Thus implying that the corresponding Cat M1 and Cat NB1/NB2 UE are implicitly expected to be able to support Flexible TX-RX separation at least within the parent LTE or NR channel BW
Observation 2: Flexibility in allocating UL channels in respect to DL channels is a typical mode of operation for existing satellite systems and is becoming a strong requirement for NTN, in order to accommodate deployment of NTN cells around existing services within the NTN bands frequency range.
Observation 3: Given the minimum TX-RX separation even in the worst case, it should be possible to support flexible TX-RX separation for all of the NTN bands.

Proposal 1: Introduce Flexible TX-RX separation for IoT NTN (both Cat M1 and NB1, NB2) within all the NTN bands
Proposal 2: For Flexible TX-RX Separation for IoT NTN, consider separation ranges to span the total bandwidth of the given operating band, or at least within ranges corresponding to the maximum corresponding supported NR channel BWs.
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