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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104bis-e, a couple of agreements have been achieved to enhance the timing relationship for IoT over NTN [1]:
Agreement:
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
Capture the following in the TR:
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD.

Agreement:
For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement:
Confirm the following working assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
In this contribution, we discuss the remaining issues on timing relationship enhancement for IoT-NTN.
[bookmark: _Ref129681832]Discussion
Timing relationship enhancements 
To check whether any enhancement for PRACH preamble retransmission is necessary and beneficial, we should check the NB-IoT specification first. In 36.213, the UE's uplink transmission timing after a random access preamble transmission is specified as [2]:
a) If an NPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block ending in subframe n contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block according to Clause 16.3.3.
b)	If a random access response is received and the corresponding DL-SCH transport block ending in subframe n does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
c)	If no NPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
d)	If an NPDCCH scheduling random access response with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n cannot be successfully decoded, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.

Based on the specification, a new preamble will be retransmitted in b), c) or d) conditions. For conditions b) and d), the timing relation for NPRACH retransmission is illustrated in Figure 1. For condition c), the timing relation for NPRACH retransmission is illustrated in Figure 2.
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[bookmark: _Ref70000174]Figure 1 DL-SCH transport block ending in subframe n does not contain a response or cannot be successfully decoded
[image: ]
[bookmark: _Ref70000459]Figure 2 No NPDCCH scheduling random access response is received in the last subframe of the random access response window
Observation 1: UE can select a suitable occasion for PRACH retransmission according to the UE-specific TA and the existing protocol.
Proposal 1: There is no need to enhance the timing relationship of NPRACH preamble retransmission.
UE specific TA and/or K_offset
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD. For the UE-specific TA, it can be calculated based on the UE location and Satellite ephemeris. If a UE reports its location, eNB could calculate the UE specific TA and notice the UE with the calculated results. Otherwise, if a UE receives the Satellite ephemeris, the UE could calculate the UE specific TA and report it to eNB. 
For moving UEs, there is no big difference in either calculation ways. However, for a stationary UE or very low speed UE, the changing of the UE specific TA mainly depends on the movements of the satellite. Thus, after UE reports its location to the network, the UE specific TA can be independently calculated and noticed by the satellite, which could save the total signaling overhead.
Observation 2: For stationary UE, calculate UE specific TA at the network side could save the signalling overhead.
[bookmark: _GoBack]Proposal 2: Support UE reporting its location to calculate UE specific TA for the stationary UEs.
Conclusion
In this contribution, we discuss the timing relationship enhancements in IoT NTN. The following observations and proposals are presented:
Observation 1: UE can select a suitable occasion for PRACH retransmission according to the UE-specific TA and the existing protocol.
Observation 2: For stationary UE, calculate UE specific TA at the network side could save the signalling overhead. 
Proposal 1: There is no need to enhance the timing relationship of NPRACH preamble retransmission.
Proposal 2: Support UE reporting its location to calculate UE specific TA for the stationary UEs.
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image1.png
Logical UL Timing:

Actual UL Timing:

DL Timing: nt | 0 et [ne2 fnes

/ \
/

/ \

/ \

/ \

/ \
DL-SCH New Preamble





image2.emf
New Preamble Random Access Response Windown n+1 n+2 n+3 n-1 D L Timing: Actual U L Timing: m+1 m m-1 m+2 m+3 Logical U L Timing: l+1 l l-1 TA < 12 ms


