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1 Background
In the previous RAN1 meeting, RAN1#104-bis-e, the following agreements were made under this agenda item:
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:
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:
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:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:
· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access

In this contribution, we provide our views on necessary enhancements to NB-IoT/eMTC over NTN as it relates to timing relationship enhancements.
We consider the proposals and observations marked in red boldface to be essential for Release 17; proposals and observations marked in orange boldface are ones recommend to be captured additionally (to the essential proposals) in the TR as guiding principles and observations for future work.

2 Definition of interrupted downlink subframes
Due to large, UE-specific TAs, DL subframes interrupted due to an UL transmission are UE-specific. Current specs assume a small TA (e.g., up to 1 ms), and do not incorporate a “TA term” in defining these subframes. However, as illustrated in Fig. 1, for NTN, the interrupted subframes need to be defined using a term that captures the impact of this very large TA. In the figure, we want X_DL to Y_DL to be the interrupted DL SFs—i.e., the subframes where the UE is not required to monitor another PDCCH, since it must get ready to transmit the PUSCH starting at Y_UL. Without the “-TA” term for Y_DL, the interrupted SFs would be from X_DL +TA to Y_DL +TA, while it would (problematically) be expected to monitor PDCCH from X_DL to Y_DL!
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Figure 1: Definition of DL interrupted subframes in the presence of large NTN-specific TAs.
Examples (for NB-IoT) where this needs to be reflected include DL subframes before and after a NPUSCH or NPRACH transmission, DL subframes corresponding to half-duplex guard periods, etc.
Proposal 1: The definition of downlink interrupted subframes (e.g., those before and after a PUSCH, PRACH, PUCCH, and half-duplex guard periods), where a half-duplex UE is not expected to monitor PDCCH, is modified, in accordance with the large UE-specific TAs in NTN.
Proposal 2: Introduce UE reporting of UE-specific TA. FFS details.

3 Enhanced PDCCH monitoring
In an NTN, a UE may have to wait for a considerable period after receiving a DL transmission before it transmits the corresponding UL. This is especially true for “near UEs” if the “scheduling offsets” (K_offset) are cell-specific, and hence, cater to UEs with the worst round-trip time. According to current specifications, in many such would-be “waiting periods”, the UE is “not required to monitor NPDCCH” (see Fig. 2). An example shown in the figure is the time period between receiving an NPDSCH and transmitting the corresponding HARQ ACK.
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Figure 2: Illustration of current UE behavior between receiving NPDSCH and transmitting HARQ ACK.
To mitigate this loss in throughput, we can enable PDCCH monitoring for at least a subset of the “waiting period” shown above (shown in Fig. 3).
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Figure 3: Illustration of proposed UE behavior between receiving NPDSCH and transmitting HARQ ACK, to increase overall throughput.
According to the analysis shown in Section 2 of [2], for a GEO Set 1 deployment, a NPDCCH duration of 4 ms is adequate to achieve 1% BLER. The maximum differential delay (i.e., the difference in RTD between a beam-center UE and a beam-edge UE) is approximately 10.3 ms for GEO deployments, which directly translates to the “waiting period” shown in Fig. 1, when a cell-specific K_offset is used. As a result—when a cell-specific K_offset is used in GEO cells—it is feasible to monitor for a PDCCH within this waiting period, so long as it coincides with a valid monitoring occasion, and PDCCH monitoring is required in such waiting periods.
Observation 1: For GEO Set 1 deployments, with cell-specific K_offset, the waiting period between receiving a NPDSCH and transmitting the HARQ-ACK (which is given by the maximum differential delay in the cell) can accommodate at least one PDCCH, provided it coincides with a valid PDCCH monitoring occasion.
Proposal 3: RAN1 to consider enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
4 Conclusion
In this contribution we presented our initial views on enhancements for NB-IoT/eMTC over NTN as it relates to timing relationship enhancements. We summarize our proposals below.
Proposal 1: The definition of downlink interrupted subframes (e.g., those before and after a PUSCH, PRACH, PUCCH, and half-duplex guard periods), where a half-duplex UE is not expected to monitor PDCCH, is modified, in accordance with the large UE-specific TAs in NTN.
Proposal 2: Introduce UE reporting of UE-specific TA. FFS details.
Observation 1: For GEO Set 1 deployments, with cell-specific K_offset, the waiting period between receiving a NPDSCH and transmitting the HARQ-ACK (which is given by the maximum differential delay in the cell) can accommodate at least one PDCCH, provided it coincides with a valid PDCCH monitoring occasion.
Proposal 3: RAN1 to consider enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
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