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Introduction
 At RAN 98-e meeting the revised WI “NR NTN (Non-Terrestrial Networks) enhancements” [1] was approved.  In the previous meeting, we discussed the basic scenarios and the set of requirements which includes RRM requirements relevant to NTN and what we discussed before were captured in [2]. 
Discussion
The objectives of Rel-18 NTN enhancement are described in [1] including:  
	2.1 	NR-NTN deployment in above 10 GHz bands
2.2 	NTN-TN and NTN-NTN mobility and service continuity enhancements


In this meeting, we will discuss the scenarios and express our views on potential impact to RRM requirements towards the first objective as below:
2.1 NR-NTN deployment in above 10 GHz bands
RAN4 shall define the RRM requirements based on the latest revised WID as below:
	The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.



In previous meeting, we RAN4 has already clarify the 3 cases for NR NTN as below:
Case-1: Stationary UE for GSO
Case-2: Stationary UE for LEO
Case-3: Mobile UE for GSO
In R17,  Te_NTN = Te + Te_GNSS + Te_SAT  has been decided, Te is the legacy timing error, Te_GNSS is the GNSS accuracy and Te_SAT is serving-satellite positioning error. The Te_GNSS is mainly up to the UE implementation, which is not influenced by fixed or mobile UE or the deployments of the satellite. However, for the parameter Te_SAT, serving-satellite will provide the PVT information to UE which helps UE to estimate the its positioning error, which can be impacted by the different deployment of the serving satellite and the fixed or mobile UE, e.g. the LEO and GSO will provide the different PVT information to UE especially the velocity. And also the state of UE will also impact the accuracy which received the information from the serving-satellite. 
In R17 discussion, the UE Tx timing requirement is defined based on the agreement in WF R4-2115346 and WF R4-2120310:
	· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Note: Te_GNSS shall include the total RTT error
· FFS the clarification on total RTT error
· FFS how to derive Te_GNSS from the GNSS positioning accuracy
· Te_SAT is the serving-satellite position estimation error
· Note: Te_SAT shall include the total RTT error
·  FFS the clarification on total RTT error
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*108 m/s.


Based on the agreements in R17 discussion, we know that the initial transmit timing requirements in NTN is Te_NTN = Te + Te_GNSS + Te_SAT, and we assume basic GNSS accuracy is 50m which is the assumption based on the TS38.171 and also the serving-satellite positioning accuracy is 30m which is also the assumption during the whole discussion. In FR1 NTN, we did not studied the UL timing requirements when SCS equals to or larger than 60KHz since the timing error will be too large to guarantee the system performance and robustness. However, for R18 the basic scenario is Ka band which SCS is equal to or larger than 60KHz and the main considered SCS is 60KHz and 120KHz based on the previous meetings. So the initial transmit timing requirements for NTN in R17 will not be suitable for the Ka band, Te_NTN = Te + Te_GNSS + Te_SAT. If we still try to use the legacy assumption, the transmission timing error will be larger than half CP length. 
In the discussion on R17 NR NTN, the UE UL timing accuracy requirements can be formulated as: 
Te_NTN = Te_TN + Te_GNSS + Te_SAT , where
· Te_TN: Legacy TN UE UL Timing Accuracy 
·                   Te_GNSS is the GNSS accuracy, Te_GNSS = 2* (GNSS positioning accuracy/c);
·                   Te_SAT is the serving-satellite position estimation error, Te_SAT = 2* (serving-satellite positioning estimation accuracy /c)
Besides, additional timing error can be introduced by the following factors:  
· TA command resolution error (section 4.2, TS 38.213)
· TA adjustment accuracy (section 7.3.2, TS 38.133)
The table can be as below:
	SCS of SSB (KHz)
	SCS of uplink signals(KHz)
	0.5 CP length(Ts)
	TA command resolution error (Ts)
	TA adjustment accuracy (Ts)
	Legacy Te (Ts)
	Remaining Te_GNSS + Te_SAT (Ts) 
	Proper positioning error (m)

	120
	60
	18
	2
	2
	3.5
	10.5
	52.5

	
	120
	9
	1
	0.5
	3.5
	4
	20

	240
	60
	18
	2
	2
	3
	11
	55

	
	120
	9
	1
	0.5
	3
	4
	20


Based on the above table, the 50m for GNSS accuracy and 30m for serving-satellite accuracy are not suitable for Ka band in NTN, what we need to do is tighten the total positioning error (Te_NTN = Te_TN + Te_GNSS + Te_SAT). the GNSS positioning error in difference scenarios can be summarized based on TS38.171 as below:
	Scenario Type
	Weak satellite signal conditions
	Ideal conditions
	Satellites with rather different signal levels
	Multi-path Scenario
	Moving scenario with periodic update

	Position Error
	100 m
	15 m
	100 m
	100 m
	50 m


 In the last meeting, we RAN4 has already reached the following agreements:
	Issue 1-6: Te_NTN for 60kHz and 120kHz
Agreement:
· For 120kHz of UL SCS in case3, Te_NTN [Ts] is X.
· [10] Ts
· Further discussion on the side condition is not precluded in maintenance part based on contribution driven.


We did spend a long time to discuss the Te requirement and UE vendors / NW vendors have reached an agreement that the Te requirement can be [10]Ts.
From my perspective, when defining Te requirements two points shall be considered:
· When the timing error exceeds Te then the UE adjusts its timing to within Te, it’s important to control the size of Te to preserve CP.
· The implementation of the accuracy of  UE positioning error and SAT positioning error.
In R17 we have already agreed among all companies when we defining the Te_NTN  by using 0.5 CP, the gNB can eliminate inter symbol interference caused by multi-path as long as UE fulfill the ±Te transmit timing requirements and the performance of UE UL transmission and gNB reception will not be degraded.
However, if we follow the 0.5 CP principle for case 3, the ideal Te requirements will be 7.5Ts and the SAT positioning error will be 5m which is impossible for NW-vendors. Thus, the ping-pong effect will be occurred between the performance degradation and the positioning accuracy. In the last meeting, [10]Ts was decided and the UE positioning error will be 16m and SAT positioning error will be 15m as case 1 which can be up to the implementation, also the CP length is 11.5Ts (including total budget) which is about 0.63CP length has the 0.13CP (0.0043us) length difference compared to 0.5CP. 
Because of above, we do think the side condition shall be defined and the concrete details can be seen as below:
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Figure 1
If there are two UEs as an example here, UE1 owns +0.63CP error and UE2 owns -0.63CP error, then two UEs UL signal has 1.26 CP error when arriving at BS which has already exceeded the preservation range of CP. Thus, the two signals will cause the interference. However, if there is a great amount of UEs in one cell other than two UEs, the interference will be occurred and the gNB can not eliminate that. We shall consider the worst cases when defining the related requirements in principle and in the last meeting we had to defined the Te requirements which has already exceeded the 0.5CP range, so the side condition is the only way to help us eliminate or reduce the performance degradation otherwise the inter-symbol interference will be occurred.
 Observation 1: The ping-pong effect will be occurred between the performance degradation and the positioning accuracy for 120kHz.
Observation 2: [10]Ts was decided and the CP length is 11.5Ts (including total budget) which is about 0.63CP length has the 0.13CP (0.0043us) length difference compared to 0.5CP.
Observation 3: The side condition is the only way to help us eliminate or reduce the performance degradation otherwise the inter-symbol interference will be occurred.
Proposal 1: For defining Te requirements in case 3 (120kHz), the side condition shall be needed.
Next, we would like to analysis the related side condition. In TN scenario, the UEs are not requested to perform the UL timing pre-compensation. When the UE try to do the initial transmission via PRACH (Msg1), gNB will receive the preamble and detect that transmitted by the UE and then gNB will give the feedback to UE TAC in RAR response (Msg2), and the NTA= 0. Therefore, during uplink transmission, the UE will adjust the timing and send according to the TA, ensuring that the uplink transmission reaches the range of gNB CP.  This is because for legacy TA, gNB hopes that the time for signals from different UEs from the same subframe to reach BS is basically aligned. As long as they fall within the CP, BS can correctly receive the uplink data transmitted by UE. For legacy TA, which means that the TA of TN network is twice physical propagation delay.
On the contrary, when we considering the NTN scenario, compared to TN network UEs are requested to perform the UL timing pre-compensation (NTA 0), and before the UE have the connection with NTN cell, UE shall own the valid GNSS position and satellite ephemeris information. UEs calculate the service link RTT refer to the GNSS position and ephemeris info and then perform the UL timing pre-compensation in order to implement synchronization before and during the connection, that is, UEs shall perform pre-compensation of UL timing also for PRACH. So at this point, if the UE performs an ideal operation and achieves an ideal effect on UL pre-compensation, we believe that the ideal reception will be in the exact point when receiving the preamble sequence in RACH at gNB side, as shown in the figure below:
For different UEs, they use GNSS position and SAT ephemeris information to calculate different RTTs, and the corresponding pre-compensation time is also different. However, the same is that they are all received at the ideal time instance, which means that the UEs have already synchronized at the point.
However, there is one concern for us, the timing errors between gNB received and UL sync point shall be attributed to the UE itself if one of UEs did perform the UL pre-compensation and still have the timing error, although gNB has already calculated the related TA based on the UL timing pre-compensation. From my perspective, the reason is the inaccurate or un-updated GNSS position. 
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[bookmark: OLE_LINK200][bookmark: OLE_LINK214][bookmark: OLE_LINK212][bookmark: OLE_LINK239][bookmark: OLE_LINK213][bookmark: OLE_LINK217][bookmark: OLE_LINK255][bookmark: OLE_LINK211][bookmark: OLE_LINK256][bookmark: OLE_LINK263][bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK274][bookmark: OLE_LINK257]The timing advance of UL transmission in NTN network includes NTA, NTA,offset and X. Only NTA,offset and X are indicated by the network. The value of NTA is self-estimated by UE. UE self-estimation on NTA is based on its GNSS-acquired position and the serving satellite ephemeris. The estimating error of NTA depends on the UE position error and the serving satellite position error. Then, the UE estimating error of NTA can be calculated as ErrorNTA:
[bookmark: OLE_LINK258][bookmark: OLE_LINK238][bookmark: OLE_LINK275]ErrorNTA = ErrorUE,pos + Errorsatellite,pos
[bookmark: OLE_LINK295][bookmark: OLE_LINK294]Where, ErrorUE,pos is the timing error due to UE position error and Errorsatellite,pos is the timing error due to serving satellite position error.
If the SAT ephemeris information is not updated over time and in case 3 the UE is the mobile UE, GNSS error may be more sensitive to mobile UE, and its pre-compensation accuracy will also be more sensitive over time. In TS38.171, we can obtain the different values under different conditions, but the update rate for GNSS position is not studied which the latest GNSS positioning accuracy will have the impact on the case 3.
Observation 4: When we considering the NTN scenario, compared to TN network UEs are requested to perform the UL timing pre-compensation (NTA 0), and before the UE having the connection with NTN cell, UE shall own the valid GNSS position and satellite ephemeris information.
Observation 5: If the SAT ephemeris information is not updated over time and in case 3 the UE is the mobile UE, GNSS error may be more sensitive to mobile UE, and its pre-compensation accuracy will also be more sensitive over time.
Proposal 2: UE should have the valid GNSS position and satellite ephemeris information (updated) and RAN4 shall study the update rate for GNSS position.

Conclusion
In this paper we provided our views on RRM requirements on R18 NR NTN enhancement.
Observation 1: The ping-pong effect will be occurred between the performance degradation and the positioning accuracy for 120kHz.
Observation 2: [10]Ts was decided and the CP length is 11.5Ts (including total budget) which is about 0.63CP length has the 0.13CP (0.0043us) length difference compared to 0.5CP.
Observation 3: The side condition is the only way to help us eliminate or reduce the performance degradation otherwise the inter-symbol interference will be occurred.
Proposal 1: For defining Te requirements in case 3 (120kHz), the side condition shall be needed.
Observation 4: When we considering the NTN scenario, compared to TN network UEs are requested to perform the UL timing pre-compensation (NTA 0), and before the UE having the connection with NTN cell, UE shall own the valid GNSS position and satellite ephemeris information.
Observation 5: If the SAT ephemeris information is not updated over time and in case 3 the UE is the mobile UE, GNSS error may be more sensitive to mobile UE, and its pre-compensation accuracy will also be more sensitive over time.
Proposal 2: UE should have the valid GNSS position and satellite ephemeris information (updated) and RAN4 shall study the update rate for GNSS position.
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