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Discussion and Decision
1 Introduction
There is a leftover issue on the validity of the UL sync assistance information (i.e. ephemeris/common TA) which is related to the RAN1 discussion.
· Wait for RAN1 to conclude regarding when ephemeris/common TA is considered as valid

· Wait for RAN1 to conclude the discussion on epochTime being a future time after the end of current ntn-UlSyncValidityDuration.
In last RAN1#110 meeting, RAN1 made the following agreements:
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For serving cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be

the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received.
For neighbor cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be
the frame nearest to the frame where the message indicating the Epoch time is received.





In this contribution, we would like to clarify the validity of the NTN UL sync info based on the latest RAN1 progress. 
2 Discussion

2.1 Validity of the UL sync information
The UE is required to acquire the valid UL sync information (incl. the satellite ephemeris information and common TA information) from NTN-config before performing the UL transmission in the NTN network. 
According to the current spec description, the validity of the UL sync information is controlled by the validity timer (i.e., T430). Which is started at the SFN/subframe of the epochTime and with timer length equal to UlSyncValidityDuration. If the T430 expires, the UE is not allowed to perform any UL transmission including preamble. NW can provide the validity timer related configuration from SIB19 or from the dedicated RRC reconfiguration (i.e., RRCReconfigWithSync, or dedicated SIB delivery). 
	RRC spec:
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The IE NTN-Config provides parameters needed for the UE to access NR via NTN access.

NTN-Config information element

—- ASN1START

NTN-Config-rl7

SEQUENCE {

cellSpecificKoffset-rl7 INTEGER (1..1023) OPTIONAL, -- Need R
kmac-r17 INTEGER(1..512) OPTIONAL, -- Need R
ta-Info-rl7 TA-Info-rl7 OPTIONAL, -- Need R
ntn-PolarizationDL-rl7 ENUMERATED {rhcp, lhcp,linear} OPTIONAL, -- Need R
ntn-PolarizationUL-rl7 ENUMERATED {rhcp, lhcp,linear} OPTIONAL, -- Need R
ephemerisInfo-rl7 EphemerisInfo-rl7 OPTIONAL, Need R
ta-Report-rl7 ENUMERATED {enabled} OPTIONAL, -- Need R

}

EpochTime-rl7 ::= SEQUENCE {
sfn-rl7 INTEGER (0..1023),
subFrameNR-r17 INTEGER (0. .9)

}

TA-Info-rl7 SEQUENCE  {
ta-Common-r17 INTEGER (0. .66485757),
ta-CommonDrift-rl7 INTEGER (-257303. .257303) OPTIONAL, -- Need R
ta-CommonDriftVariant-rl7 INTEGER (0..28949) OPTIONAL -- Need R

)

-- TAG-NTN-CONFIG-STOP
- ASN1STOP






	RRC spec:

5.2.2.4.21
Actions upon reception of SIB19 
Upon receiving SIB19, the UE shall:

1>
start or restart T430 with the duration ntn-UlSyncValidityDuration from the subframe indicated by epochTime;

NOTE:
UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.

	RRC spec:

5.2.2.6
T430 expiry

The UE shall:

1>
if in RRC_CONNECTED:

2>
inform lower layers that UL synchronisation is lost;

2>
acquire SIB19 as defined in clause 5.2.2.3.2;

2>
upon successful acquisition of SIB19:

3>
inform lower layers that UL synchronisation is obtained;

	MAC spec:

5.2a
Maintenance of UL Synchronization

The MAC entity shall:

1>
if an indication of Serving Cell uplink synchronization has been received from upper layers (see clause 5.2.2.6 of TS 38.331 [5]):
2>
allow uplink transmission on the corresponding Serving Cell.
1>
if an indication of Serving Cell uplink synchronization loss is received from upper layers:
2>
flush all HARQ buffers;

2>
not perform any uplink transmission on the corresponding Serving Cell.


Observation 1: The validity of the UL sync info is controlled by the validity timer T430. 

Observation 2: The validity timer T430 is only started at the reference SFN/subframe indicated by epochTime. 
Observation 3: The UE is not allowed to perform UL transmission when the T430 expires. 
2.2 The reference SFN and subframe of the epochTime
According to the RAN1 agreements on the reference SFN and subframe of the epochTime with the explicit configuration, the interpretation for serving cell and neighbor cell is different. 
· For the serving cell, the configured epochTime refers to the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received. 

· For the neighbor cell, the configured epochTime refers to the frame nearest to the frame where the message indicating the Epoch time is received.
Observation 4: When the UE receives the NTN-config (incl. UL sync info) of the serving cell, the UE starts the validity timer T430 at the SFN/subframe indicated by the epochTime in the future (i.e., Option 1). 

Observation 5: When the UE receives the NTN-config (incl. UL sync info) of the neighbor cells, the UE assumes to start the validity timer T430 at the SFN/subframe indicated by the epochTime in the past or in the future (dependent on which is the nearest one) (i.e., Option 2).
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Figure-1. The validity timer start operation 
To make the reference SFN and subframe of the epochTime clear in the spec, the interpretation from RAN1 should be captured in RAN2 spec.  
Proposal 1: Clarify the reference SFN and subframe of the epoch time for the serving cell and the neighbor cell in the RRC spec. 
2.3 The validity of the UL sync info during the SIB19 acquisition 
One issue discussed in last RAN2 meeting is that when the UE acquires the serving cell’s UL sync information from SIB19, the UL sync info may be invalid for a period of time before the SFN/subframe indicated by the epochTime. 

As the example described in Figure-2, if the timer T430 expires during the gap between the time when the UE receives the SIB19 and the frame indicated by epochtime, the UE cannot have the valid UL sync information and cannot perform the UL transmission anymore. 
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Figure-2. Invalid UL sync info of the serving cell during the SIB19 acquisition

Following is our understanding on this issue:
· For the IDLE/INACTIVE UE
· If there is no attempt to initiate the RRC connection, this issue will not cause any problem; 
· If the UE intends to initiate the RRC connection, if the gap length is small then the issue could be ignored; if the gap length is big, we can leave it to UE implementation about whether UE could assume the UL sync is valid or not. 
· For the CONNECTED UE
· Since NW can provide the NTN UL sync config via the RRC dedicated signaling (via ReconfigWithSync or the dedicated SIB19 delivery), this case can be avoided by the appropriate NW implementation. 

Therefore, we think current spec description (i.e. up to UE implementation to acquire the SIB19) is sufficient, and no further clarification is needed. 

Proposal 2: For the CONNECTED UE, it’s up to NW implementation to ensure the UE’s NTN UL sync validity by providing the NTN UL sync info to UE via dedicated signaling.

Proposal 3: For the IDLE/INACTIVE UE, it’s up to UE implementation to acquire the SIB19 before T430 expiry.  
2.4 The validity of the UL sync info of the target cell during HO  
With RAN1 interpretation, the reference frame/SFN is clear for the serving cell and neighbor cell. But for the target cell during the handover, it is not clear whether the interpretation of the serving cell or the neighbor cell should be used, because during the handover, the target cell is first the neighbor cell and then becomes the serving cell. 
If we follow the interpretation on the epochTime of the serving cell, the UE may have to wait for a period of time in the target cell before initiating the random access, as shown in Figure-3 and Figure-4. Especially for CHO, it's difficult for NW implementation to avoid the gap since NW cannot know the exact timepoint of the HO execution. The consequence is the additional HO delay will be introduced. 
Therefore, we propose to regard the target cell as the neighbor cell to decide the reference frame/SFN of the epochTime, and the UE can always assume it has the valid UL sync info of the target cell after the HO without any additional delay introduced. 
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Figure-3: HO to the target NTN cell
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Figure-4: CHO to the target NTN cell

Proposal 4: For handover case, the reference SFN/subframe of the epoch time for the target cell follows the interpretation of the neighbor cell, i.e., this frame to be the frame nearest to the frame where the message indicating the Epoch time is received.
3 Conclusion
Based on the analysis in section 2, we observe that
Observation 1: The validity of the UL sync info is controlled by the validity timer T430. 

Observation 2: The validity timer T430 is only started at the reference SFN/subframe indicated by epochTime. 
Observation 3: The UE is not allowed to perform UL transmission when the T430 expires. 

Observation 4: When the UE receives the NTN-config (incl. UL sync info) of the serving cell, the UE starts the validity timer T430 at the SFN/subframe indicated by the epochTime in the future (i.e., Option 1). 

Observation 5: When the UE receives the NTN-config (incl. UL sync info) of the neighbor cells, the UE assumes to start the validity timer T430 at the SFN/subframe indicated by the epochTime in the past or in the future (dependent on which is the nearest one) (i.e., Option 2).

We propose that:
Proposal 1: Clarify the reference SFN and subframe of the epoch time for the serving cell and the neighbor cell in the RRC spec. 

Proposal 2: For the CONNECTED UE, it’s up to NW implementation to ensure the UE’s NTN UL sync validity by providing the NTN UL sync info to UE via dedicated signaling.

Proposal 3: For the IDLE/INACTIVE UE, it’s up to UE implementation to acquire the SIB19 before T430 expiry.  
Proposal 4: For handover case, the reference SFN/subframe of the epoch time for the target cell follows the interpretation of the neighbor cell, i.e., this frame to be the frame nearest to the frame where the message indicating the Epoch time is received.
