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1. Introduction
In RAN #102 meeting, a new WID on NTN for NR phase 3 was approved [1]. According to the objectives of WID, the Rel-17 RedCap and Rel-18 eRedCap UE with full-duplex FDD mode need to be supported in FR1-NTN bands. However, for Rel-17 RedCap and Rel-18 eRedCap UE, only terrestrial network related requirements were defined.
In this contribution, we would like to share some initial view on the full-duplex FDD mode RedCap and eRedCap UE requirements in NTN network. 
2. Discussion
2.1 Operating band and Channel arrangement
For RedCap and eRedCap UE, the operating band is aligned with the Table 5.2-1 NR operating band in FR1 of TS 38.101-1 [2]. For NTN UE, there are only three operating bands have been defined, i.e. n256/n255/n254 band. In general, the NTN RedCap / eRedCap UE should support all NTN operating band. However, the motivation of introducing n254 is to solve the L/S band issue (some existing satellite already implemented the mix band pair of L-band and S-band). The L/S band related description is shown as below [3]:
	After the RAN#86 meeting, a new Rel-17 WI was approved that aims at supporting 5G/NR radio access technology for non-terrestrial satellite deployments. One of the WI objectives was to define and introduce the corresponding bands into the 3GPP specifications. The outcome of these discussions was two NTN bands – L-band and S-band – which were added as bands n255 and n256, respectively. At the same time there exist other satellite deployments and, as was presented during the RAN4#99 meeting, some deployments use mixed L-/S-band pairing, whereupon the UL part is on the L-band, while the DL part is on the S-band. To limit the overall workload in Rel-17, it was decided by RAN WG4 to focus on L- and S-bands with the common understanding that other potential NTN bands should follow the "normal" process of submitting a new spectrum WI.
The aim of this spectrum WID is to add support for a new NTN band with the DL part on the S-band (2500MHz) and the UL part on the L-band (1600MHz).


Compared to NTN UE, RedCap / eRedCap UE has a lower cost and therefore the capability of the RF components might be reduced. Therefore, we believe that RAN4 should evaluate whether the NTN RedCap / eRedCap UE supports the n254 band. 
Proposal 1: The operating band supported by NTN RedCap / eRedCap UE should include at least band n256 and n255. RAN4 should evaluate whether the NTN RedCap / eRedCap UE supports the n254 band.
For Rel-17 RedCap and Rel-18 eRedCap FR1 UE, supported channel bandwidth are captured in TS 38.101-1 as follow:
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The requirements in this specification apply to the combination of channel bandwidths, SCS and operating bands shown in Table 5.3.5-1 with maximum channel bandwidth of 20MHz. The transmission bandwidth configuration in Table 5.3.2-1 shall be supported for each of the specified channel bandwidths up to 20 MHz. When UE supports IE supportOfERedCap-r18 and does not support IE eRedCapNotReducedBB-BW-r18 the requirements in this specification apply with maximum transmission bandwidth of 25RB for 15 kHz SCS and 12 RB for 30 kHz SCS for PDSCH and PUSCH. The channel bandwidths are specified for both the TX and RX path.


To ensure that the RedCap / eRedCap UE works properly in the NTN network, the channel bandwidth of RedCap / eRedCap UE should be aligned with NTN network as much as possible. For current FR1 NTN network, only 5MHz / 10MHz / 15MHz / 20MHz / 30MHz were supported by NTN UE. Since the maximum supported channel bandwidth limit of RedCap / eRedCap UE cannot be exceeded, the reasonable channel bandwidth range for NTN RedCap UE should be 5MHz to 20MHz, which ensures the maximum compatibility. In addition, to align with eRedCap UE requirements, for NTN eRedCap UE, the reasonable channel bandwidth range for NTN RedCap UE should be 5MHz, and 60 KHz SCS will be precluded as well.
Proposal 2: The channel bandwidth supported by NTN RedCap UE should be 5MHz / 10MHz / 15 MHz / 20MHz. For NTN eRedCap UE, the supported channel bandwidth should be 5MHz, and 60 KHz SCS will not be supported.
Meanwhile, the enhanced channel raster (10 KHz) has been introduced for both terrestrial UE and NTN UE in FR1. Similar to the discussion of operating band above, since the RedCap / eRedCap UE has a lower cost and the capability of the RF components might be reduced, we believed that RAN4 should evaluate whether the NTN RedCap / eRedCap UE supports the enhanced channel raster.
Proposal 3: RAN4 should evaluate whether the NTN RedCap / eRedCap UE supports the enhanced channel raster.
2.2 Transmitter characteristics
In general, since the RedCap / eRedCap UE could be considered as a UE with some features dropped, the Tx requirements have not been significantly modified compared to normal UE. For NTN UE, the Tx requirements also have compatibility with TN UE. Therefore, we believed that the reuse of TN RedCap / eRedCap UE Tx requirements could be considered as a potential approach for determining the NTN RedCap / eRedCap UE Tx requirements.
Observation 1: Reusing the TN RedCap / eRedCap UE Tx requirements could be considered as a potential approach for determining the NTN RedCap / eRedCap UE Tx requirements.
However, additional considerations may be necessary for the transmit signal quality requirement. Compared to the TN UE, the frequency error requirement of the NTN UE introduces an additional procedure, which is frequency pre-compensation captured in TS 38.101-5 [4]:
	Transmit signal quality
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The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[NOTE:	The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift.]


The frequency pre-compensation requires that the UE has the capability to calculate the service link Doppler shift and autonomously pre-compensate it in the uplink transmission by taking into account the UE position and ephemeris. However, for RedCap / eRedCap UE, this functionality may not be well supported, or lack thereof. Therefore, we believed that RAN4 should evaluate whether the pre-compensate function could be supported by NTN RedCap / eRedCap UE.
Proposal 4: RAN4 should evaluate whether the pre-compensate function could be supported by NTN RedCap / eRedCap UE.
3. Conclusion
This contribution provides our consideration on the full-duplex FDD mode RedCap and eRedCap UE requirements in NTN network. The following proposals are concluded as follows:
Proposal 1: The operating band supported by NTN RedCap / eRedCap UE should include at least band n256 and n255. RAN4 should evaluate whether the NTN RedCap / eRedCap UE supports the n254 band.
Proposal 2: The channel bandwidth supported by NTN RedCap UE should be 5MHz / 10MHz / 15 MHz / 20MHz. For NTN eRedCap UE, the supported channel bandwidth should be 5MHz, and 60 KHz SCS will not be supported.
Proposal 3: RAN4 should evaluate whether the NTN RedCap / eRedCap UE supports the enhanced channel raster.
Observation 1: Reusing the TN RedCap / eRedCap UE Tx requirements could be considered as a potential approach for determining the NTN RedCap / eRedCap UE Tx requirements.
Proposal 4: RAN4 should evaluate whether the pre-compensate function could be supported by NTN RedCap / eRedCap UE.
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