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1 Introduction
This document considers the following remaining maintenance issues for IoT-NTN:
· Segmented UL transmissions. Specification of the gaps between UL segments and UE capability signalling of the need for gaps between UL segments.
· Ephemeris information signalling and epoch time. How epoch time is determined when the same SI message is transmitted in multiple SI windows.
· Timing relationships for monitoring NPDCCH.
· Specification of Delaycommon.
· Support for negative values of NTACommon-NB-r17 RRC parameter in order to compensate for TA overestimation.

2 Segmented UL transmissions
The following agreements related to segmented UL transmissions have been made in previous meetings:
Agreement#1 (RAN1#106e)
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
· For eMTC, repetition unit is   for sub-PRB allocation, where Tslot = 0.5 ms. For full-PRB allocation, repetition unit is one subframe.
· NOTE1:  are defined in TS 36.211 10.1.2.3 and 10.1.3.6 for NB-IoT
· NOTE2: M_^UL_slot is defined in TS 36.211, 5.2.3A for eMTC
· FFS: RAN1 to further discuss valid and invalid subframes
· FFS: Configuration details

Agreement#2 (RAN1#106e)
The UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
NOTE: the values of UL transmission segment duration for NB-IoT can be different to those for eMTC
Agreement#3 (RAN1#107e)
UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
       1. UE may drop / Insert samples / Puncture OFDM symbols  
       2. UE may blank subframes / slots where UE skip a slot or a subframe
The total transmission time is not changed
UE autonomously Drop / insert samples / Puncture OFDM symbols or Blank subframes / slots where UE drops a subframe / slot
The method used for the UE pre-compensation is known to the eNB by a single UE capability 
· UE Blank subframes / slots where UE skip a slot or a subframe (slot is based on Sub Carrier Spacing)
FFS Details of method(s) to drop / insert samples, blanking subframes / slots (slot is based on Sub Carrier Spacing)

Discussion on agreement#3.
There are several aspects to the agreement:
· How often is pre-compensation performed? The red text indicates that pre-compensation (adjustment of the timing advance or the frequency compensation) is performed once per segment. The same pre-compensation is applied throughout the segment. The amount of pre-compensation may change from one segment to the next.
· What happens between the segments? The issue here is that different timing advance / pre-compensation can be applied for a future segment compared to the current segment. If a future segment needs to be timing advanced into the current segment, some portions of one of the segments need to be dropped. If a future segment needs to be retarded in timing relative to the current segment, the question arrives as to what happens in the gap that has opened up between the segments. The possibilities of what can happen between the segments is covered by the blue text.
· How does the UE decide what to do between segments? The green text indicates that the UE makes this decision autonomously. This implies that there is no command from the eNB indicating when the UE should drop a sample / symbol / slot. This seems reasonable as the UE would not be monitoring the downlink while transmitting a long PUSCH transmission.
· How does the eNB know what the UE does between segments? The brown text indicates that the UE informs the eNB of the possible methods the UE can apply between segments. We understand that the term “single capability” means that there is a single RRC IE that the UE uses to inform the eNB of its capability. Presumably the UE can indicate that it is capable of more than one method (e.g. the UE can indicate that it can use either the “drop samples” method or the “drop subframes” method. The eNB may then decide on its preferred method).

Issues related to segmented UL transmissions were discussed in RAN1#108e [4]. The issues that require resolving are:
· How the gap is inserted between UL segments, if required.
· How the UE capability on type of gap (sample / symbol / subframe) is handled.

2.1	How gap is inserted between UL segments
The method of inserting the gap between UL segments needs to be specified as this allows the eNB to determine which physical resources should be decoded and which ignored (i.e. the eNB can consider the gap resources to be erasures if the eNB knows where the gaps are).
In [5], Qualcomm proposed that the gaps in segmented UL transmissions are handled in a similar way to the existing 40ms gaps for UL transmissions to allow the UE to resynchronise to the DL. This proposal creates a clear specification for where the UL gaps should be inserted and we support this proposal. Hence, we propose:
Proposal 1: Specify capability-based uplink gaps due to segmented pre-compensation in TS 36.211, during which a UE indicating the need of such gaps is not expected to transmit in the uplink for the requisite number of uplink slots.
· These may be described in the “Mapping to physical resources” sections for PUSCH (Section 5.3.4) and NPUSCH (Section 10.1.3.6), analogous to the existing 40 ms gap after 256 ms of continuous uplink transmission.

There also needs to be a specification of how symbol-length gaps for segmented pre-compensation are handled. This specification can follow the form of the text in TS38.211 section 5.3.4:
“For BL/CE UEs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband or wideband retuning or due to segmented pre-compensation, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.”

2.2	How gap capability signalling is handled
According to the agreement in RAN1#107e, the UE can signal its capability in terms of the type of gap required between UL segments. The required gap can be one or more of:
· Some samples
· Some OFDM symbols
· A subframe or slot
Many of the UE implementations may only support one of the above gap insertion methods. Those UEs would only signal the support of one of the gap insertion methods. If the network does not support the gap insertion method, the eNB can reject the RRC connection request. Other UEs may be able to support more than one of the gap insertion methods. In such a case, it should be possible for the eNB to choose which gap insertion method is applied, since the eNB might not support all gap insertion methods.
Our preference is that the gap insertion method is handled in the same way as other capability / configuration signalling exchanges:
· The UE signals which gap insertion methods it is capable of
· The eNB configures the UE with a gap insertion method
It is up to RAN2 how to specify this signalling exchange.
Proposal 2: For UL segmented transmissions, the UE signals which gap insertion method(s) it is capable of and the eNB configures the UE with the gap insertion method to it should use.

The above proposal is compatible with UE implementations that support only a single gap insertion method, supports different eNB implementations and is consistent with legacy procedures capability signalling and configuration of features.
3 Ephemeris information signalling and epoch time
The following agreement was made in RAN1#108e:
Agreement
For epoch time signaling for IoT NTN:
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.
· The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.

The following agreement was made in NR-NTN in RAN1#107e:
Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

The second bullet of this NR-NTN agreement was updated in RAN1#108e:
Agreement
Modify second bullet of RAN1#107-e agreement on Epoch time as follows:
Otherwise, when Epoch time is not explicitly indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the NTN-specific SIB SI message is transmitted.

3.1	Discussion
For NR-NTN, the epoch time can be signalled either explicitly (via SIB signalling or via dedicated signalling) or implicitly. In RAN1#108e, IoT-NTN basically adopted the NR-NTN definition of the epoch time, but did not include an agreement on how epoch time is implicitly known for the case when it is signalled neither in SIB nor via dedicated signalling. The lack of agreement on implicit signalling of epoch time was due to continuing discussion on the ambiguity of the concept of the “end of the SI window during which the NTN-specific SIB is transmitted”.
The IoT-NTN link budget is challenging, both in the UL and DL. Multiple repetitions of SI messages will be required in order to ensure correct reception of SIB. It may not be possible to successfully receive an SI message based solely on combining the SI messages within an SI window. In this case, it is necessary to combine physical channels containing SI messages between SI windows. This functionality is supported in terrestrial IoT (both eMTC and NB-IoT) and should be supported in IoT-NTN. In terrestrial IoT, SI messages can be combined between SI windows provided the SI windows are within the same modification period. The problem with IoT-NTN is that the time between updates of the SI messages containing ephemeris signalling is shorter than the modification period. Unless the UE knows which SI windows contain the same SI message, the UE will be unable to combine SI messages between SI windows and would hence be unable to enhance the coverage of the SI message and SIB. 
It is hence necessary for the UE to know which SI windows within the modification period contain the same SI message. The UE can know this information if the SI messages are known not to change for a set of N SI windows. The UE can then combine SI messages between those N SI windows. Hence the ephemeris signalling and epoch time will not change for N SI windows, allowing the UE to combine SI messages between these N SI windows.  If the epoch time were defined as being the end of an SI window containing the NTN-specific SIB, there would be an ambiguity regarding which SI window from the set of N SI windows defined the epoch time. Hence, we propose that when the epoch time is implicitly signalled, the epoch time is defined as the “end of the Nth SI window of a set of N SI windows during which an identical NTN-specific SI message is transmitted”.

Proposal 3: When Epoch time is not explicitly indicated in SIB, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the Nth SI window of a set of N SI windows during which an identical NTN-specific SI message is transmitted.

We note that even for explicit signalling of epoch time, the UE must know that a set of N SI windows contain an identical NTN-specific SI message in order to be able to soft combine the SI message between those SI windows and hence decode the explicitly signalled epoch time in challenging coverage scenarios.

4 Monitoring NPDCCH: timing relationships
4.1 Background
Cases 7-11 of the NPDCCH monitoring restrictions are:
#############
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
-	[case 7: NPUSCH with same HARQ process when 2 HARQ configured] the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
-	[case 8: subframes after NPUSCH processing] if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3. 
otherwise,


-	[case 9: subframes after NPUSCH carrying Msg3] If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3. 
For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a narrowband random access preamble for SR ends on subframe n,
-	[case 10: NPRACH for SR for long NPRACH transmissions] in case of frame structure type 1 with NPRACH format 0 and 1 when the number of NPRACH repetitions is greater than or equal to 64, or NPRACH format 2 when the number of NPRACH repetitions is greater than or equal to 16, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+40,
-	otherwise, [case 11: NPRACH for SR for short NPRACH transmissions] the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+3.
#################
4.2 Discussion
The yellow highlighted text shows that the UE is not required to monitor NPDCCH after an NPUSCH or NPRACH subframe. In contrast, cases 1-6 relate to there being no requirement to monitor for a further NPDCCH after receiving an earlier NPDCCH. 
The current specification correctly states that the UE is not required to monitor NPDCCH in the 3 subframes following the end of the uplink transmission. In other words, during a time window of 3 subframes duration following the end of the NPUSCH / NPRACH transmission, the UE does not need to monitor NPDCCH.
This issue was discussed in previous meetings and the understanding of RAN1 was that no specification change was required. We still think that no change is required to the specifications for cases 7-11.
Observation: No specification changes are required for cases 7-11 of the “NPDCCH monitoring restrictions”.

While the discussion regarding section 16.6 of TS36.213 has used the terminology “NPDCCH monitoring restrictions”, the specification doesn’t actually correspond to a restriction. In NB_IoT, in order to simplify UE implementation, a UE is allowed to not monitor NPDCCH in certain subframes preceding or following the processing of another channel (usually NPUSCH). A higher capability UE could monitor for NPDCCH in those subframes even though there is no point (an eNB would not schedule NPDCCH in those subframes). We are of the understanding that the original “NPDCCH monitoring restrictions” were introduced for this UE simplification  and not for the purposes of power saving.
5 Delaycommon
5.1	Background
In RAN1#107-e, the following agreements were made on UL time synchronization in NR NTN [1]:
Agreement:
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time (  used for   calculation as follows:



Where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e
· is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.

Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

Based on the above agreements, the UE can calculate its  from the , and the equation of  was agreed as above. However, current specification doesn’t define the equation for .
We discuss this issue and propose solutions to clarify this issue in the following section.


5.2	Discussion
In the current TS36.211, section 8.1 includes the following: 
The quantity  is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise .
The current specification only mentions that “ is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation”. This means that how to calculate the common transmission delay between the uplink time reference point and the satellite is up to UE implementation. However, if different UEs use different algorithms to calculate the transmission delay, misalignment of received timing at the eNB could occur. This misalignment could increase interference of received signals transmitted from different UEs.
In the RAN1#108-e meeting, we discussed about this issue in NR NTN topic#12 of 8.4.2 [2], and most of the companies supported an update to TS38.213 to capture the calculation formula of . However, we couldn’t reach a consensus due to the limited time for discussion. Therefore, we propose again to capture the equation to calculate the transmission delay  and epoch time definition which were agreed in RAN1 107-e. We think that this issue needs to be first discussed in NR NTN and we have provided a companion contribution in the NR NTN agenda [3]. If the issue is agreed in NR NTN, IoT-NTN should also capture the agreement in the TS36.213 specification.
Proposal 4: The agreed equation of and epoch time  definition in RAN1 107-e should be captured in specification. If this issue is agreed in NR NTN, IoT NTN should also capture the agreement in the TS36.213 specification.


6 Negative value of NTACommon-NB-r17 parameter
The RRC parameter list for IoT-NTN [6] includes the NTACommon-NB-r17 parameter, as agreed below:
	Parameter name in the spec
	Description
	Value range

	NTACommon-NB-r17
	NTACommon is a network-controlled common TA, and may include any timing offset considered necessary by the network.
NTACommon  with value of 0 is supported. The granularity of TACommon is 32.55208 ×10^(-3) μs
Values  are given in unit of corresponding granularity
	0,  ..., 8316827



This parameter only supports positive values for NTACommon-NB-r17.
In case the reference point for timing alignment is at the satellite, the NTACommon-NB-r17 parameter will not integrate the feeder link delay, but only any TA margin value, that should be negative to compensate for TA overestimation. So in that case, we think the NTACommon-NB-r17 parameter should allow negative values.
Proposal 5: Support negative values for the NTACommon-NB-r17 RRC parameter to support compensation for TA overestimation.

7 Conclusion
This document has considered IoT-NTN maintenance issues. The following proposals and observations are made:
Proposal 1: Specify capability-based uplink gaps due to segmented pre-compensation in TS 36.211, during which a UE indicating the need of such gaps is not expected to transmit in the uplink for the requisite number of uplink slots.
· These may be described in the “Mapping to physical resources” sections for PUSCH (Section 5.3.4) and NPUSCH (Section 10.1.3.6), analogous to the existing 40 ms gap after 256 ms of continuous uplink transmission.

Proposal 2: For UL segmented transmissions, the UE signals which gap insertion method(s) it is capable of and the eNB configures the UE with the gap insertion method to it should use.

Proposal 3: When Epoch time is not explicitly indicated in SIB, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the Nth SI window of a set of N SI windows during which an identical NTN-specific SI message is transmitted.

Observation: No specification changes are required for cases 7-11 of the “NPDCCH monitoring restrictions”.
Proposal 4: The agreed equation of and epoch time  definition in RAN1 107-e should be captured in specification. If this issue is agreed in NR NTN, IoT NTN should also capture the agreement in the TS36.213 specification.

Proposal 5: Support negative values for the NTACommon-NB-r17 RRC parameter to support compensation for TA overestimation.
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