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Introduction
RRM core requirements for NTN in Ka band are discussed in RAN4#110, and the outcomes are captured in [1]. Based on [1], further discussions are needed for the following issues.
· Timing requirements
In this paper, we will provide our views on RRM core requirements for NTN in Ka band.
Discussion
	Issue 1-6B: Te_NTN for 60kHz and 120kHz in Case3
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.

	Issue 1-11: Additional enhancements
Agreement [RAN4#109]:
FFS:
· Ask RAN1 to introduce a mechanism to allow the NW to inform the UE that the UE pre compensation is below the required level. UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation. (Nokia)
· If the UE updates its GNSS position, and difference between the TA calculated using UE new and old positions is above the UL Transmit Timing inaccuracy, UE shall perform a new RACH. (Nokia)

Views from companies
· (Huawei) Specify “one-shot” timing adjustment (as defined specified for FR2 HST) for timing change caused by GNSS fix in NTN operation in Ka band
· (Nokia) Introduce a mechanism to allow the NW to inform the UE, during PRACH in case 3, that the UE pre-compensation is below a given quality threshold
· Whether UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation or whether their validity timer become smaller.
· If the UE updates its GNSS position, and difference between the TA calculated using UE new and old positions is above the UL Transmit Timing inaccuracy, UE shall perform a new RACH.
· RAN4 to approve the LS reply provided in Annex A of the present document.
Moderator’s WF
· Decide whether to Specify “one-shot” timing adjustment (as defined specified for FR2 HST) for timing change caused by GNSS fix in NTN operation in Ka band.
· Decide whether to ask RAN1 to introduce a mechanism to allow the NW to inform the UE, during PRACH in case 3, that the UE pre-compensation is below a given quality threshold. The details and draft LS can be found in R4-2402382.


For Issue 1-6B, RAN4 agreed that the timing accuracy for Case 3 (Mobile UE + NGSO) and 120kHz UL SCS is 10Ts. As 10Ts is above CP/2 of 120kHz SCS and may cause some issues in UL demodulation, some side conditions related to enhanced UE requirements as listed in Issue 1-11 were discussed, but due to time limit, there was no agreement. We will present our views on the need for enhanced requirements. 
In our understanding, one important tool that NW can use to handle timing error larger than CP/2 is the NW commanded TA. In principle, if the error in UE timing pre-compensation is constant or stable, NW can use TA command to compensate the error in UE timing pre-compensation, and the received timing at gNB would align with the demodulation window. 
Observation 1: NW commanded TA can be used to correct the error in UE timing pre-compensation, and it is an important tool for NW to handle large timing error. 
However, the "sudden jump" of UE UL timing (or in other words, the error in UE timing pre-compensation) due to a new GNSS fix may break the loop, i.e. the NW commanded TA is no longer suitable given the sudden change of UE specific TA, and the new UL timing based on the new UE specific TA and current NW commanded TA may cause timing error at gNB receiver exceeding the demodulation window.
Without enhancement, NW may experience UL demodulation failure after the UE UL timing change, and it would measure the UL timing again e.g. from SRS, and command a new TA suitable for the new timing pre-compensation error. In such a correcting procedure, some UL transmissions would be lost, and the large RTT in NTN would make it worse (more UL transmissions would be lost compared to TN). 
Observation 2: "Sudden jump" of UE UL timing due to new GNSS fix may cause NW commanded TA no longer suitable, and some UL transmissions may be lost before UE receives updated TA. Large RTT in NTN may cause loss of more UL transmission. 
Our proposal for the problem is to re-use the one-shot timing adjustment from R17 FR2 HST. UE will keep the UE specific TA unchanged right after the GNSS fix (the UL timing will also remain unchanged right before and right after the GNSS fix), and UE will gradually adjust the UE specific TA to the value corresponding to the new GNSS location. During the gradual adjustment, gNB will observe a gradual UL timing change, and can update the NW commanded TA accordingly. 
Figure 1 shows an example of how one-shot timing adjustment could help to resolve the "sudden jump" of UE UL timing. In the example we assume the UE location is not changed, and for simplicity, we omitted the change of UE specific TA due to satellite movement. 
· At t0, NW commanded TA perfectly compensates the error in UE specific TA. 
· At t1, UE performs a new GNSS fix and the error becomes smaller compared to t0, which makes the NW commanded TA not suitable.
· Without one-shot timing adjustment, the actual UL timing at t1 will be way from the ideal timing by the change in estimated UE specific TA. 
· With one-shot timing adjustment, the actual UL timing at t1 will remain.
· After t1, UE will gradually adjust (in the example of the figure advance) UL timing towards the target UL timing, and gNB will gradually reduce the NW commanded TA. An example is given for t2.
· At t3, the new NW commanded TA after gradual reduction fits the new error in UE specific TA. 
[image: ]
Figure 1: Example of one-shot timing adjustment
Proposal: (for Issue 1-6B and 1-11) RAN4 to specify “one-shot” timing adjustment (as defined specified for FR2 HST) for timing change caused by GNSS fix in NTN operation in Ka band.
Conclusions
In this paper we provided our views on RRM core requirements for NTN in Ka band.
Observation 1: NW commanded TA can be used to correct the error in UE timing pre-compensation, and it is an important tool for NW to handle large timing error. 
Observation 2: "Sudden jump" of UE UL timing due to new GNSS fix may cause NW commanded TA no longer suitable, and some UL transmissions may be lost before UE receives updated TA. Large RTT in NTN may cause loss of more UL transmission. 
Proposal: (for Issue 1-6B and 1-11) RAN4 to specify “one-shot” timing adjustment (as defined specified for FR2 HST) for timing change caused by GNSS fix in NTN operation in Ka band.
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