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Introduction
[bookmark: _Hlk166168520]In the RAN4#110bis meeting, RAN4 started to discuss the Rel-19 NTN RedCap UE with a lot of agreements in the way forward [1]. However, some special open issues were not discussed extensively. In one paper [2], one issue/difference was identified that NTN RedCap / eRedCap UE need to perform the doppler shift pre-compensation, which is different from TN RedCap/eRedCap UE.

	Transmit signal quality
[bookmark: _Toc97562294][bookmark: _Toc104122521][bookmark: _Toc104205472][bookmark: _Toc104206679][bookmark: _Toc104503639][bookmark: _Toc106127570][bookmark: _Toc123057935][bookmark: _Toc124256628][bookmark: _Toc131734941][bookmark: _Toc137372718][bookmark: _Toc138885104][bookmark: _Toc145690607][bookmark: _Toc155382158]6.4.1	Frequency error
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.]



In this paper, we’d like to share our views on this issue about doppler shift pre-compensation for NTN RedCap / eRedCap UE.

Discussion
Frequency error requirements
In the NR NTN phase 3 WID [3], there is an assumption about GNSS capability for NR NTN RedCap/eRedCap UE. This is a big difference between NTN RedCap UE and TN RedCap UE.
	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.



Observation 1: GNSS capabilities are assumed for NTN RedCap UE, which TN RedCap UE don’t have.
[bookmark: _Hlk166180729]In current WID, the simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE. However, some of GNSS services operating in the frequency range 1559~1610MHz can’t be simultaneously supported together with NR NTN operation in band n254 and n255.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\originalImgfiles\A2536DF6-029D-4B7E-8129-F347B52623A6.png]
Observation 2: some of GNSS services operating in the frequency range 1559~1610MHz can’t be simultaneously supported together with NR NTN operation in band n254 and n255.

Based on the current NTN system design, NTN UE not only pre-compensate the doppler frequency shift generated by SAN (due to SAN relative motion), but also pre-compensate the doppler frequency shift generated by NTN UE (due to NTN UE relative motion). However, in current terrestrial network system, the doppler shift generated by UE will not be pre-compensated and the whole network system can still work well.
Observation 3: Based on the current NTN system design, NTN UE not only pre-compensate the doppler frequency shift generated by SAN (due to SAN relative motion), but also pre-compensate the doppler frequency shift generated by NTN UE (due to NTN UE relative motion). However, in current terrestrial network system, the doppler shift generated by UE will not be pre-compensated.

Thus, based on the observations above, we have good reasons to relax the frequency error requirements for NTN UE.
Proposal 1: RAN4 can discuss the relaxation of frequency error requirements for both NTN RedCap/eRedCap UE and normal NTN UE.
Doppler shift for LEO scenario
Doppler shift issues were discussed for FR1-NTN in Rel-18, which was raised by RAN5 LS [4]. In the end, the following testing configuration related to satellite access in table 1 were captured into the TS 38.101-5 for FR1-NTN UE. For NGSO scenario, the doppler shift could be up to 24ppm especially for LEO scenario. Part of RB could be shifted into the guard band when NTN UE including NTN RedCap UE is handling the doppler pre-compensation as figure 1.


[image: ]
Figure 1 Edge RB falling into Guard band due to doppler shift

In our understanding, current UE RF requirements specified in TS 38.101-5 with zero doppler condition are not applicable to the real LEO scenario. Currently, as there is no discussion on NTN UE RF requirements under the non-zero doppler shift condition, there is a risk for NTN UE to declare the supports of LEO scenario.
Observation 4: As there is no discussion on NTN UE (including NTN RedCap/eRedCap UE) RF requirements under the non-zero doppler shift condition, there is a risk for NTN UE to declare the supports of LEO scenario due to the Edge RB falling into Guard band.

Table 1 testing configuration related to satellite access
	[bookmark: _Toc155382226]A.4	Testing related to Satellite Access
[bookmark: _Toc124255290][bookmark: _Toc124255481][bookmark: _Toc124255618][bookmark: _Toc131688456][bookmark: _Toc137373098][bookmark: _Toc138885041][bookmark: _Toc145689858][bookmark: _Toc155382227]A.4.1	General
The following test conditions should be maintained for Satellite Access when test equipment emulates the snapshot of the satellite link channel.
-	The same ephemeris info will be maintained during each test.
-	A set of ephemeris information are pre-defined for each satellite corresponding to respective epoch times in TS 38.508-1 [13]. 
-	The range of the selected constant delay shift is as follows:
-	For NGSO an altitude of 600km and 1200km on a circular orbit are considered. The range of the one-way delay between UE and satellite is from 2ms (lowest value for LEO orbit 600km) to 6.67ms (highest value for LEO orbit 1200km).
-	For GSO the range of the one-way delay from UE to satellite is within 119.375ms to 128.79ms.
-	Constant delay value is derived from ephemeris info (SIB19) and UE location associated to zero Doppler or non-zero Doppler value under test.
[bookmark: _Toc155382228]A.4.2	Test condition for transmitter characteristics
All requriements in section 6 for transmitter characteristics, other than frequency error in clause 6.4.1, shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of satellites.
Frequency error requirement in clause 6.4.1 shall be verified for at least two cases: one with zero Doppler condition and the other with a constant Doppler shift where the range of the absolute value of Doppler is greater than zero and up to [0.93] ppm if the IE field ntn-ScenarioSupport-r17 is present and indicated as GSO and up to 24 ppm if the IE field ntn-ScenarioSupport-r17 is present and indicated as NGSO or only the IE field nonTerrestrialNetwork-r17 is present. The delay condition is a constant.
[bookmark: _Toc155382229]A.4.3	Test condition for receiver characteristics
All requirements in section 7 for receiver characteristics shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of satellites.
[bookmark: _Toc155382230]A.4.4	Test condition for performance requirements
All requirements in section 8 for performance requirements shall be verified when Doppler conditions related to satellite motion for DL in service link are set to zero and delay conditions are set to constant for all types of NGSO satellites.
The one-way delay between UE and satellite for NGSO at an altitude of 600km is 2ms.




Summary
Observation 1: GNSS capabilities are assumed for NTN RedCap UE, which TN RedCap UE don’t have.
Observation 2: some of GNSS services operating in the frequency range 1559~1610MHz can’t be simultaneously supported together with NR NTN operation in band n254 and n255.
Observation 3: Based on the current NTN system design, NTN UE not only pre-compensate the doppler frequency shift generated by SAN (due to SAN relative motion), but also pre-compensate the doppler frequency shift generated by NTN UE (due to NTN UE relative motion). However, in current terrestrial network system, the doppler shift generated by UE will not be pre-compensated.
Proposal 1: RAN4 can further discuss the relaxation of frequency error requirements for both NTN RedCap/eRedCap UE and normal NTN UE.
Observation 4: As there is no discussion on NTN UE (including NTN RedCap/eRedCap UE) RF requirements under the non-zero doppler shift condition, there is a risk for NTN UE to declare the supports of LEO scenario due to the Edge RB falling into Guard band.
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