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Background
The WID of Non-Terrestrial Networks (NTN) for NR Phase 3 was approved in RAN#102 [1], and the following task on support Redcap and eRedcap for NTN operation has been included: 
Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
Notes for this objective:
GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.
In this contribution, we provide our view on the RF requirement for NTN Redcap and eRedcap in Rel-19. 


1.  Discussion
The Rel-17 Redcap RF requirements are leveraged from the normal NR devices with applicable bandwidths, the power classes, and the numbers of antennas, with the inclusion of HD-FDD mode as well. In addition, further limitations on the RB allocation for REFSENS requirements are introduced in Rel-18 eRedcap requirement to support the reduced baseband bandwidth operation. 
It is our understanding that a similar approach might be used to derive the RF requirement based on the corresponding NR NTN requirements with applicable bandwidth, power class, number of antennas, and RB allocation. 

0. UE channel BW
For the UE channel bandwidth, the NTN Redcap and eRedcap are expected to be the same as TN Rel-17 Redcap and Rel-18 eRedcap, with a maximum bandwidth of 20 MHz. In addition, for NTN eRedcap, both the reduced baseband bandwidth eRedcap and NOT reduced baseband bandwidth should be specified. 
Proposal 1: The same UE channel bandwidth as Rel-17 Redcap and Rel-18 eRedcap should be specified for NTN Redcap and eRedcap.
Proposal 2: For NTN eRedcap, both the reduced baseband bandwidth eRedcap and NOT reduced baseband bandwidth eRedcap should be specified. 

0. Transmission requirement
For the transmission requirement, the Rel-17 Redcap and Rel-18 eRedcap devices reuse the corresponding NR requirements of PC3. For the NTN Redcap and eRedcap, the general transmission requirements might be able to be re-used. However, considering the regulatory requirements (with NS signalling) maybe very different between TN and NTN, it is suggested to further verify if the corresponding requirements can be reused (e.g., AMPR). 
Observation 1: For the NTN Redcap and eRedcap, the general transmission requirements might be reusable, but further check on the regulatory requirements is needed. 
Proposal 3: Further check if any update is needed for NTN Redcap and eRedcap with respect to regulatory requirements with considering the feasibility of Redcap and eRedcap implementations. 

0. Reception requirement
In TN specification, for a Rel-17 RedCap UE equipped with 2 Rx antenna ports, the REFSENS for a normal NR device with 2Rx is reused with applicable bandwidths. Meanwhile, in a single Rx antenna port Redcap, the following REFSENS degradation factors are adopted for Rel-17 Redcap:
[image: ]Table 7.3I.2-1: Single antenna port reference sensitivity allowance ΔR1R  in 38.101-1
For NTN Redcap UE, the same approach to define the REFSENS for 2Rx and single Rx can be reused. In other words, the NTN Redcap UE with 2Rx can reuse the REFSENS in Table 7.3.2-1 of 38-101-5, and for single Rx, the same sensitivity degradation as in Table 7.3I.2-1 of 38.101-1 can be reused.
Proposal 4: Reuse the NR NTN REFSENS for the NTN Redcap with 2Rx.
Proposal 5: Apply the deltaR1R as specified in Table 7.3I.2-1 of 38.101-1 for the single Rx NR Redcap. 
For HD-FDD Redcap UE, the following objects have been defined in the WID:
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
Although the feasibility assessment of HD-FDD Redcap for NR-NTN is still pending on the RAN1 work, it can be expected that the HD-FDD should be feasible for NTN since it has been supported in IoT NTN. Although some physical layer changes may be introduced in NR to avoid the HD collision rules, we don’t foresee such an issue would cause an impact on UE RF requirements based on the previous RAN4 works in IoT NTN. Therefore, we suggest RAN4 to start the work on HD-FDD Redcap and eRedcap UE at the same time as RAN1 is checking whether any essential changes are needed in the physical layer. 
Observation 2: Based on experience in the IoT NTN work, no impact on UE RF requirements with respect to the HD collision rules is expected. 
Proposal 6: RAN4 can specify the RF requirement for HD-FDD Redcap and eRedcap UEs, while RAN1 is checking whether any essential changes are needed. 
During Rel-17 Redcap HD-FDD REFSENS discussion, the baseline is that 0.8 dB tightening compared to FD-FDD is adopted but with a few bands that have exceptions considering the less insertion loss in filter + switch compared to a duplexer, and also no Tx interference in HD-FDD mode. However, a few bands are taken as exceptions with less tightening since their FD-FDD REFSENS are already very stringent (in a similar level as TDD REFSENS in a similar frequency range), which shows that such an improved sensitivity may have been considered already in the FD-FDD requirement [3]. Essentially, the rule of tightening was originally proposed as below [3]:

	FD-FDD 5MHz REFSENS
	HD-FDD REFSENS Tightening
	Bands

	≤ -100 dBm
	0 dB
	n1, n18, n24, n70

	> -100 dBm and ≤ -99 dBm
	0.5 dB
	n30, n65, n66, n74

	> -99 dBm
	0.8 dB
	n2, n3, n5, n7, n8, n12, n13, n14, n20, n25, n26, n28, n71, n85



Therefore, it is proposed that the same approach can be used to derive the REFSENS for NTN Redcap HD-FDD, and it will be 0 dB tightening for n255, and 0.5 dB tightening for n254 and n256 for 5MHz BW. Therefore, the REFSENS for n256, n255, and n254 will be all -100 dBm/5MHz for HD-FDD. 
Proposal 7: It is proposed to adopt the same tightening rule as in Rel-17 Redcap to derive the REFSENS for NTN Redcap HD-FDD, which results in 0 dB tightening for n255, and 0.5 dB tightening for n254 and n256 for 5MHz, e.g., REFNSEN = -100 dBm for all three NR bands in NTN with 5MHz BW for 2Rx.
For larger BW, it was agreed in Rel-17 Redcap to scale the REFSENS value based on the number of configured RB, which can be calculated as REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS, n=2 for 30kHz SCS, and n=4 for 60kHz SCS. The same approach can be used for NTN as well. 
Proposal 8: NTN Redcap HD-FDD REFSENS for channel BW wider than 5 MHz can be calculated by REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS, n=2 for 30kHz SCS, and n=4 for 60kHz SCS.
For Rel-18 eRedcap that supports NOT reduced baseband bandwidth, the same REFSENS as Rel-17 Redcap is applied. For reduced baseband bandwidth eRedcap, for 15kHz SCS, the 5MHz REFSENS requirement applies to 5, 10, 15, and 20 MHz RF bandwidth as the PDSCH is limited to 5MHz regardless of the RF bandwidth. For larger SCS, e.g., 30 kHz, where 5MHz channel RF bandwidth does not apply, the REFSENS of 10 MHz is applied with 3 dB relaxation. In our view, those principles can be directly reused for NTN eRedcap UE, and the detail description is captured in 7.3I.3 of 38.101-1. 
Proposal 9: Reuse the same way as in Rel-18 eRedcap REFSENS (as in 7.3I.3 of 38.101-1 ) to define the NTN eRedcap REFSENS. 
For other reception requirements, we believe it should be feasible to reuse the NR NTN requirements. RAN4 can further check if there is any special case that needs to be dealt with for NTN Redcap and eRedcap. 
Proposal 10: RAN4 further checks if other reception requirements from NR NTN can be reused for NTN Redcap and eRedcap. 

1. Conclusion
In this paper, we presented our view on the RF requirement for NTN Redcap and eRedcap, where the following observation and proposals are made:
Observation 1: For the NTN Redcap and eRedcap, the general transmission requirements might be reusable, but further check on the regulatory requirements is needed. 
Observation 2: Based on experience in the IoT NTN work, no impact on UE RF requirements with respect to the HD collision rules is expected. 
Proposal 1: The same UE channel bandwidth as Rel-17 Redcap and Rel-18 eRedcap should be specified for NTN Redcap and eRedcap.
Proposal 2: For NTN eRedcap, both the reduced baseband bandwidth eRedcap and NOT reduced baseband bandwidth eRedcap should be specified. 
Proposal 3: Further check if any update is needed for NTN Redcap and eRedcap with respect to regulatory requirements with considering the feasibility of Redcap and eRedcap implementations. 
Proposal 4: Reuse the NR NTN REFSENS for the NTN Redcap with 2Rx.
Proposal 5: Apply the deltaR1R as specified in Table 7.3I.2-1 of 38.101-1 for the single Rx NR Redcap. 
Proposal 6: RAN4 can specify the RF requirement for HD-FDD Redcap and eRedcap UEs, while RAN1 is checking whether any essential changes are needed. 
Proposal 7: It is proposed to adopt the same tightening rule as in Rel-17 Redcap to derive the REFSENS for NTN Redcap HD-FDD, which results in 0 dB tightening for n255, and 0.5 dB tightening for n254 and n256 for 5MHz, e.g., REFNSEN = -100 dBm for all three NR bands in NTN with 5MHz BW for 2Rx.
Proposal 8: NTN Redcap HD-FDD REFSENS for channel BW wider than 5 MHz can be calculated by REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS, n=2 for 30kHz SCS, and n=4 for 60kHz SCS.
Proposal 9: Reuse the same way as in Rel-18 eRedcap REFSENS (as in 7.3I.3 of 38.101-1 ) to define the NTN eRedcap REFSENS. 
Proposal 10: RAN4 further checks if other reception requirements from NR NTN can be reused for NTN Redcap and eRedcap. 
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Table 7.31.2-1: Single antenna port reference sensitivity allowance ARir

Operating band Channel bandwidth (MHz) AR (dB)
TDD band 5,10, 15, 20 25
FDD band 5 25
FDD band 10, 15, 20 3.0





