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1 Introduction
In RAN#108-e [1], there are some pending issues for IoT NTN. In this contribution, we provide our perspectives. 

2 Discussion on remaining issues for Time and Frequency synchronization 
2.1 TACommon Parameters
RAN1#107e made working assumption
	Working assumption
Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are indicated with the following range, granularity and bits allocation:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	 TACommon  
	0 ... 8316827  
(i.e: 0… 270.73 ms) 
	32.55208 x 10-3 µs
 
	23 bits

	TACommonDrift
	  - 261935… + 261935
(i.e: -53.33 µs/s  … +53.33 µs/s ) 
 
	0.2 x 10-3 µs/s
	19 bits

	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]TACommonDriftVariation
	 0…29470
(0…0.60 µs/s2)
 
	0.2 x 10-4 µs/ s2

	15 bits

	· Value ranges are given in unit of corresponding granularity
	 
	
	 





[bookmark: OLE_LINK6]The range for the TACommonDrift is - 261935… + 261935, however, it should be (–218-1 .. +218-1) which is -262143… +262143. The value range for the TACommonDrift should be (–218-1 .. +218-1)* 0.2 x 10-3 µs/s = -52.42 µs/s  … + 52.42 µs/s.
Similarly, the range for the TACommonDriftVariation should be (0 .. 215-1) which is 0… 32767. The value range for the TACommonDriftVariation should be (0 .. 215-1)* 0.2 x 10-4 µs/s2 = 0… 0.65 µs/s2.

Proposal 1: Adopt new range for TACommonDrift - 262143… + 262143 (i.e: 52.42 µs/s  … + 52.42 µs/s ) and new range for TACommonDriftVariation 0… 32767 (0… 0.65 µs/s2).

Proposal 2: confirm RAN1#107-e working assumption for TACommon, TACommonDrift, TACommonDriftVariation with revised range for TACommonDrift 

	Parameter name 
	Value range
	Granularity
	Bits allocation

	 TACommon  
	0 ... 8316827  
(i.e: 0… 270.73 ms) 
	32.55208 x 10-3 µs
 
	23 bits

	TACommonDrift
	  - 261935… + 261935- 262143… + 262143
(i.e: -53.33 µs/s  … +53.33 µs/s -52.42 µs/s  … +52.42 µs/s)  
	0.2 x 10-3 µs/s
	19 bits

	TACommonDriftVariation
	 0…2947032767
(0…0.600.65 µs/s2  )
 
	0.2 x 10-4 µs/ s2

	15 bits

	· Value ranges are given in unit of corresponding granularity 
	 
	
	 



2.2 Common Delay formula
The moderator view in RAN1#108-e in FL summary in NR NTN (R1-22-2908)   is the formula of   agreed in previous RAN1 meeting is essential because it provides how the UE interpret/use the Common TA related parameters indicated by the Network. It is also used by the UE to compute/derive the . From this perspective, the agreement on  made at previous RAN1 meeting should be captured in the specs. TS 38.213 is the right place for that. Nevertheless, how the UE derive the  from  might be left the UE implementation and thereby, it is not needed to be captured in the specifications. This view is shared by the moderator in FL summary for IoT NTN (R1-22-2915). We agree with the moderator and make the following proposal

Proposal 3: Re-use TP on   in  TS 38.213 Section 4.2.3 in NR NTN for IoT NTN in TS 36.213 Section 4.2.3  

2.3 TACommonDriftVariation value range
In NR NTN, it was discussed that the CommonDelayDriftVariation can be negative in GEO due to 2 factors [2]:
· Even for a perfectly circular and equatorial GEO orbit – which is almost never the case – variations in Earth’s gravitational field and other contributing gravitational fields cause the orbit to wobble, which causes the satellite’s relative distance from the ground to increase and decrease with varying rate of change, which in turn causes a varying delay drift (positive as the satellite’s stationary point gets further, negative as it gets closer);
· Most communications satellites do not exhibit a perfectly equatorial Geo-stationary Earth Orbit (GEO), but rather a slightly inclined Geo-synchronous orbit (GSO) – in fact almost no MSS satellite is in a perfect equatorial orbit. This causes the typical “figure 8” pattern of the apparent satellite point in respect to the ground (aka satellite box movement), which furthers creates a varying change in the slant range, with a varying rate of change in time, which further contributes to the delay drift variation (positive or negative).
	[bookmark: _Hlk99536762]Working assumption (RAN1 108e)
Adopt NR NTN solution for negative TACommonDriftVariation values. 



For IoT NTN, the same issue needs to be resolved. One solution discussed was to add an additional bit for the sign for TACommonDriftVariation. Though this would resolve the sign issue, another issue is the granularity and range that would result in accuracy loss.
Another solution is to change the granularity and range and keep the same bit allocation. This can be justified by the Doppler shift of 0.93 ppm, which is significantly smaller than that in LEO which is in the order of 24 ppm.  It was found via simulations that best results for GEO can be achieved with  new granularity and range of TACommonDrift and TACommonDriftVariation as shown below:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-7 us/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits
The new granularity and range allow an accuracy for the UE prediction of the common TA in the order of 0.1 us with prediction time up to 900 seconds. Re-using the range for TACommonDrift and TACommonDriftVariation agreed in RAN1 for GEO gives a quantization error in the order of 0.6344 us.

Proposal 4: For GEO for IoT NTN:
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-7 us/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits

2.4 Ambiguity in interpretation of SFN indicating Epoch time
In NR NTN, it was discussed that the ambiguity in SFN interpretation should be resolved to avoid system failure of UE pre-diction [2]. The same ambiguity issue also needs to be resolved in IoT NTN.
	Agreement (RAN1 108e)
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.
Working assumption (RAN1 108e)
Adopt NR NTN solution for interpretation SFN indicating Epoch time.



For instance, the eNB indicates an SFN=x that is in the future, while UE assumes epoch time x is in the past. When UE reads SIBx with ephemeris and common TA parameters at time t and does prediction to obtain ephemeris and related time and frequency parameters from epoch time in the past to time t, then this assumption is wrong. Because SFN=x is in the future and UE should do prediction backwards from epoch time to time t. 
[bookmark: _Hlk100735792]There are two revisions in the email discussion of RAN1 108e NR NTN, the pro and cons of rev3 and rev4 were discussed over the reflector but no consensus could be made.
	Updated Proposal 15 (rev 3):
If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received

Updated Proposal 15 (rev 4):
Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.


For rev3, if UE decodes SFN for Epoch time (Epoch time SFN 500) at SIBx SFN (SFN 1012), then UE will confuse on choosing Epoch time SFN 500 in the past or in the future, wherein the distance between SIBx SFN and Epoch time SFN 500 in the past or in the future are the same. Besides, considering there are repetitions for SIBx and eNB indicating Epoch time SFN 500 in the past, assuming the repetitions from SIBx SFN (SFN 1010 1011 1012 1013), if UE successes decoding at SIBx SFN (SFN 1010), UE decides Epoch time SFN 500 in the past, if UE successes decoding at SIBx SFN (SFN 1013), UE decides Epoch time SFN 500 in the future. This may cause serious outcome considering wrong common TA parameters for nearly 10s.
Observation 1: RAN1#108-e proposal 15 Rev 3 “If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received” cannot solve SFN wrapping ambiguity  if UE decodes SFN for Epoch time (Epoch time SFN 500) at SIBx SFN (SFN 1012).
Rev4 constrains flexibly to indicate SFN for Epoch time in the past. For rev4, if UE decodes SFN for Epoch time (Epoch time SFN 0) at SIBx SFN (SFN 1), then the prediction needs to be 10.24s, for LEO, this may cause decreased accuracy on common TA parameters. Besides, considering there are repetitions for SIBx and eNB indicating Epoch time SFN 500 the upcoming one, assuming the repetitions from SIBx SFN (SFN 498 499 500 501), if UE successes decoding at SIBx SFN (SFN 499), UE decides Epoch time SFN 500 as the upcoming one, if UE successes decoding at SIBx SFN (SFN 501), UE decides Epoch time SFN 500 in the future not the upcoming one. This may cause serious outcome considering wrong common TA parameters for nearly 10s.
[bookmark: _Hlk100909269]Observation 2: RAN1#108-e proposal 15 Rev 4 “Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.” requires longer predicition time with an additional 10.24 s if UE decodes SFN for Epoch time (Epoch time SFN 0) at SIBx SFN (SFN 1).
The ambiguity can be resolved by adding rules to interpret the epoch time as illustrated in an example in Figure 1. The Epoch time is indicated as SFN=500. The UE reads the ephemeris and common TA parameters on SIBx at SIBx SFN. If Epoch time SFN- SIBx SFN is positive, choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future); if Epoch time SFN- SIBx SFN is zero, choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN);  if (Epoch time SFN- SIBx SFN) is negative choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). For SI window across SFN boundaries, SIBx SFN is the last frame where the message indicating the Epoch time is received. Even if there are SI window across SFN boundaries, eNB and UE still know that UE should choose Epoch time SFN with indication of SIBx SFN is the last frame where the message indicating the Epoch time is received. The duration for prediction is no longer than 5.12s, compared to 10.24s, this will enhance accuracy on predicting of common TA parameters.
[image: ]

Figure 1: Illustration of solution for interpretation SFN indicating Epoch time
Proposal 5: Indicated SFN for Epoch time is, 
· if (Epoch time SFN- SIBx SFN) is positive choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future). 
· if (Epoch time SFN- SIBx SFN) is zero choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN ). 
· if (Epoch time SFN- SIBx SFN) is negative choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). 
Note 1: SIBx SFN is the last frame where the message indicating the Epoch time is received.
Note 2: The UE shall not assume that the NTN-specific SIB is constant across SI windows

2.5 UL Segmented Transmission
[bookmark: _Hlk100853360]In RAN1 #107-e, UL Segmented transmission was discussed, and the following agreements were made for NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC:
	For NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC:

Agreement
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
[bookmark: _Hlk93507793]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) 




In case the UE can support several methods to drop durations of uplink transmission between segments, it seems highly desirable that the UE always drops the shortest duration of uplink transmission to minimize the SNR loss at eNB receiver. 
Observation 3: UE should report the smallest duration of uplink transmission it drops between segments to minimize SNR loss.

The shortest duration should be as close to the timing adjustment corresponding to the TA calculated by the UE based on its GNSS location, the ephemeris, and common TA parameters if signalled. Note that in case the UE implementation can only support dropping of 2 slots, then it can only report 2 slots for its UE capability; if UE can drop one symbol, then this is sufficient to accommodate the maxim timing adjustment for the longest UL transmission segment, and there would be no need to drop one slot or 2 slots which would un-necessarily degrade SNR; if UE can optimally drops samples between segments then the there is no need for reporting of UE capability. More details on UL segmented transmission and implementation method to drop duration between segments can be found in previous contribution in [3]. The single UE capability can be further defined as 
Proposal 6: The single UE capability that governs UE behavior w.r.t gaps between segments for PUSCH, PUCCH and NPUSCH, when the UE performs segmented pre-compensation, is as follows:
When a single capability is signaled: UE drops one of the following durations of uplink transmission between segments (indicated by the capability):
· 1 slot (applicable to eMTC)
· 1 subframe (applicable to eMTC)
· 1 slot (applicable to NB-IoT)
· 2 slots (applicable to NB-IoT)
· 1 symbol (applicable to both eMTC and NB-IoT) 
When capability is NOT signalled: UE follows legacy behavior at slot boundaries due to TA adjustment

Since RAN1#107e already made agreement on single UE capability and RAN2 should specify it in TS 36.306, it can be discussed in list of UE features in Agenda Item 8.16.14.

Proposal 7: RAN1 can discuss the single UE capability for UL segmented transmission in AI 8.16.14 UE features for IoT over NTN.

2.6 Reference Frame for Ephemeris Set 2 – Orbital parameters
RAN1#104bis- agreed Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to

For set 1, RAN1 agreed position X,Y,Z in ECEF (m) and velocity VX, VY, Vz in ECEF(m/s).
For set 2, the assumption for Reference Frame is ambiguous. The Reference Frame has two constraints:
Has to be an Inertial RF : so that the orbital parameters are valid (orbital parameters are only valid in Inertial RF which experiences no acceleration)
Valid at epoch time with respect to ECEF or an earth fixed RF so that the UE does not need to acquire absolute time.

Proposal 8: For set 2, RAN1 agree on orbital parameters α , e, ω , Ω , I, and M in Earth Centered Inertial (ECI) Frame
· The ECI and ECEF coincide at Epoch time  (e.g. x,y,z axis in ECEF are aligned with x,y,z axis in ECI)

3 Discussion on remaining issues for Timing Relationships 
3.1 Restrictions on NPDCCH monitoring
[bookmark: OLE_LINK3][bookmark: OLE_LINK5]In RAN1 #106bis-e, restrictions on NPDCCH monitoring were discussed and the agreement was made on which timing relationships that needed to be enhanced.
	Agreement:
NPDCCH monitoring restrictions have been identified for further checking to see if changes for NB-IoT need to be made for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS: the changes in each case
· FFS: additional cases



In RAN #107-e, the opinions put forward by various companies failed to reach a complete agreement on this issue. It was agreed to leave it to spec editor to formulate in the specs the NPDCCH monitoring restrictions for Cases 1 to 6 as examples in appendix A in R1-2112554, with 2 options for further consideration:
	[bookmark: OLE_LINK4][bookmark: _Hlk88128707]Option 1: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of downlink subframe timing. This would typically involve inserting a “-TA” term in their indexing.
 
Option 2: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of uplink subframe timing using the indexing of the UL subframes that coincide in time with the DL subframes in question.



Taking case 1 as an example:
	[bookmark: _Hlk95218467]Spec 36.213
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and



For Option 1:
The eNB and UE have not taken into account of Koffset and TA in the indexing of subframe n. The eNB schedules the NPUSCH to start in DL subframe n+k. In this case, the NPUSCH will actually be transmitted with starting subframe n+k -TA. Therefore, the DL subframes during which the UE is not required to monitor an NPDCCH candidate need to be modified as depicted in Fig.2.


Fig.2 No NPDCCH monitor for case 1 with Option 1
For Option 2:
· [bookmark: _Hlk86622801]The eNB and UE have already taken into account of Koffset and TA in arriving at the index of subframe n. The eNB schedules the NPUSCH to start in UL subframe n+k, where the ‘k’ variable is a generic subframe index corresponding to “k0+ K_offset –TA”. In this case, we have Option 2 illustrated in Fig.3 with k= k0+ K_offset –TA.


Fig.3 No NPDCCH monitor for case 1 with Option 2

Based on the description in Pseudo CR to TS 36.213 Section 16.6 [5], the perspective of the spec editor is taking Option 2 in the conclusion. However, considering that the spec has been to write DL monitoring in terms of DL subframe indices, it’s easily confusing. Moreover, the search space for NPDCCH is DL configuration, it’s better to describe NPDCCH monitoring timing in DL subframes. To make the issues easier to be understood. We think Option 1 is better. 
Proposal 9: It is preferable to utilize Option 1 for NPDCCH monitoring restrictions for Cases 1 to 6 11 in the specifications.
· The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of downlink subframe timing. This would typically involve inserting a “-TA” term in their indexing.

Observation 4: For Option 2 for NPDCCH monitoring restrictions for Cases 1 to 6 in the specifications, it is necessary to clarify the UE behaviour in the specifications where eNB schedules the NPUSCH to start in UL subframe n+k, where the ‘k’ variable is a generic subframe index corresponding to “k0+ K_offset –TA”. 

[bookmark: OLE_LINK34]When Option 1 is applied, TA may be a non-integer. Hence, it is necessary to convert TA into an integer for subframes. For case 2, when the eNB is configured with the corresponding uplink scheduling timing of n+k, UE applies TA, the UE transmission timing is fixed as n+k-TA, which is assumed to be subframe t. If  is used in the spec, where a gap between the no PDCCH monitoring window and t. If  is used in the spec, the period of the no PDCCH monitoring window may exceed t, which may lead to the problem that the restricted subframes is less than 2 subframes before the UL transmission. Therefore,  is recommended as depicted in Fig.4.


Fig.4 No PDCCH monitoring window for different integer TA

Proposal 10: Utilize ceil (TA) =   in spec editing of NPDCCH monitoring Restrictions.

For case 7-11, eNB needs to receive the UL NPUSH/NPRACH first then eNB can start corresponding DL schedule. Take case 7 as an example, consider the UL and DL frame timing unaligned at the eNB. The UE has a NPUSCH transmission ending in subframe n, considering subframe n as a scheduling DL subframe, there is an offset of K_mac as depicted in Fig.5. The first NPDCCH with DCI format N0/N1 for the same HARQ process ID arrives at least K_mac subframes after NPUSCH transmission. To reduce potential conflict between UL and DL and save UE power, the no NPCCH monitor subframes should be starting from subframe n-S(TA)+1 to subframe n+ +3, where S(TA) equals to .



Fig.5 No PDCCH monitoring window for case 7
Proposal 11: Agree on introduction of K_mac for NPDCCH monitoring cases 7-11 in TP#1 to TS 36.213 Section 16.6.
Proposal 12: Agree on introduction of term S(TA) equals to ceil (TA) for NPDCCH monitoring cases 1-11 in TP#1 to TS 36.213 Section 16.6. 

	---------------------------------------- Start of TP #1 for 3GPP TS 36.213 ----------------------------------------
36.213 Section 16.6 Narrowband physical downlink control channel related procedures
<Unchanged Text Omitted>
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k(accounting for uplink transmission timing),
-	[case 1: MTBG NPUSCH] if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-S(TA)-1, where S(TA) equals to ; otherwise [case 2: 2 NPUSCH HARQ processes scheduled] the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-S(TA)-2 to subframe n+k-S(TA)-1, where S(TA) equals to ; and
· [case 3: long single NPUSCH when MTBG or 2HARQ configured] the UE does not expect to receive a DCI Format N0 before subframe n+k-S(TA)-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k-S(TA)+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block, where S(TA) equals to. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	[case 4: single NPUSCH scheduled by DCI format N0 or RAR]if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k(accounting for uplink transmission timing), the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-S(TA)-1, where S(TA) equals to . 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	[case 5: NPUSCH format 2 in response to DCI format N1] for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m(accounting for uplink transmission timing) the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-S(TA)-1, where S(TA) equals to . 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	[case 6: NPRACH in response to PDCCH order] for FDD, if the corresponding NPRACH transmission starts from subframe n+k(accounting for uplink transmission timing), the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-S(TA)-1, where S(TA) equals to . 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
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-S(TA)+1 to subframe n+ +3, where S(TA) equals to ;

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-S(TA)+1 to subframe n+ +3, where S(TA) equals to . 
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'-S(TA)+1 to subframe n + +3, where S(TA) equals to . 
If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	the UE is not required to monitor an NPDCCH candidate of an NPDCCH search space if the candidate ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5
otherwise
-	the UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an NPDCCH candidate of the NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5. 
An NB-IoT UE is not required to monitor NPDCCH candidates of an NPDCCH search space during an NPUSCH UL gap.
An NB-IoT UE is not required to monitor NPDCCH candidates of a Type2A-NPDCCH common search space during the scheduling gap or the processing gap.
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-S(TA) to subframe n++40, where S(TA) equals to 
-	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-S(TA) to subframe n+ +3, where S(TA) equals to .
<Unchanged Text Omitted>
---------------------------------------- End of TP #1 for 3GPP TS 36.213 -----------------------------------------



3.2 Inclusion of UE-eNB RTT 
There are some agreements on the UE-eNB RTT in RAN1 108e: 
	Agreement
For IoT NTN, calculate UE-eNB RTT using the following equation: 
where Tf = subframe duration (1ms). 



In the Pseudo CR to TS36.321 Section 5.1.4  [6], the following is included:
	If the UE is a BL UE or a UE in enhanced coverage:
-     if the random access preamble was transmitted in a non-terrestrial network:
-     RA Response window starts at the subframe that contains the end of the last preamble repetition plus 3 + UE-eNB RTT subframes, as specified in TS 36.2XX [6] clause X.X and has length ra-ResponseWindowSize for the corresponding enhanced coverage level;
If the UE is an NB-IoT UE:
- if the random access preamble was transmitted in a non-terrestrial network:
- RA Response window starts at the subframe that contains the end of the last preamble repetition plus X + UE-eNB RTT subframes, as specified in TS 36.2XX [6] clause X.X



Based on above, it is necessary to capture UE-eNB RTT in RAN1’s CR with the UE-eNB RTT provided in an integer number of subframes to align with RAN2 agreement. 
Proposal 13: Agree on the capturing RAN1#108e agreement on  in TP #2 and TP #3 to TS 36.213 Sections 6.1, 16.3.1.
	---------------------------------------- Start of TP #2 for 3GPP TS 36.213 ----------------------------------------
36.213 Section 6.1
<Unchanged Text Omitted>
-     For BL/CE UEs, detection of a MPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher layers (see [8], Clause 5.1.4), where UE-eNB RTT is calculated as floor( subframes, where  is specified in [TS 36.211, Clause 8.1],  is the subframe duration (1ms), and  is provided by the higher layer parameter K-Mac in unit of 1 ms or  if K-Mac is not provided. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer, which is processed according to Clause 6.2.
<Unchanged Text Omitted>
---------------------------------------- End of TP #2 for 3GPP TS 36.213 -----------------------------------------



	---------------------------------------- Start of TP #3 for 3GPP TS 36.213 ----------------------------------------
36.213 section 16.3.1
<Unchanged Text Omitted>
-     Detection of a NPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher layers (see [8], Clause 5.1.4), where UE-eNB RTT is calculated as floor( subframes, where  is specified in [TS 36.211, Clause 8.1],  is the subframe duration (1ms), and  is provided by the higher layer parameter K-Mac in unit of 1 ms or  if K-Mac is not provided. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer, which is processed according to Clause 16.3.3.
<Unchanged Text Omitted>
---------------------------------------- End of TP #3 for 3GPP TS 36.213 -----------------------------------------



4 Conclusion
In this contribution, remaining issues for IoT NTN were addressed. The following proposals were made

For Time and frequency synchronisation:
Proposal 1: Adopt new range for TACommonDrift - 262143… + 262143 (i.e: 52.42 µs/s  … + 52.42 µs/s ) and new range for TACommonDriftVariation 0… 32767 (0… 0.65 µs/s2).

Proposal 2: confirm RAN1#107-e working for TACommon, TACommonDrift, TACommonDriftVariation with revised range for TACommonDrift 

	Parameter name 
	Value range
	Granularity
	Bits allocation

	 TACommon  
	0 ... 8316827  
(i.e: 0… 270.73 ms) 
	32.55208 x 10-3 µs
 
	23 bits

	TACommonDrift
	  - 261935… + 261935- 262143… + 262143
(i.e: -53.33 µs/s  … +53.33 µs/s -52.42 µs/s  … +52.42 µs/s)  
	0.2 x 10-3 µs/s
	19 bits

	TACommonDriftVariation
	 0…2947032767
(0…0.600.65 µs/s2  )
 
	0.2 x 10-4 µs/ s2

	15 bits

	· Value ranges are given in unit of corresponding granularity 
	 
	
	 



Proposal 3: Re-use TP on   in  TS 38.213 Section 4.2.3 in NR NTN for IoT NTN in TS 36.213 Section 4.2.3  

Proposal 4: For GEO for IoT NTN:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-7 us/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits
Observation 1: RAN1#108-e proposal 15 Rev 3 “If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received” cannot solve SFN wrapping ambiguity  if UE decodes SFN for Epoch time (Epoch time SFN 500) at SIBx SFN (SFN 1012).
Observation 2: RAN1#108-e proposal 15 Rev 4 “Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.” requires longer predicition time with an additional 10.24 s if UE decodes SFN for Epoch time (Epoch time SFN 0) at SIBx SFN (SFN 1).
Proposal 5: Indicated SFN for Epoch time is, 
· if (Epoch time SFN- SIBx SFN) is positive choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future). 
· if (Epoch time SFN- SIBx SFN) is zero choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN ). 
· if (Epoch time SFN- SIBx SFN) is negative choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). 
Note 1: SIBx SFN is the last frame where the message indicating the Epoch time is received.
Note 2: The UE shall not assume that the NTN-specific SIB is constant across SI windows
Observation 3: UE should report the smallest duration of uplink transmission it drops between segments to minimize SNR loss.
Proposal 6: The single UE capability that governs UE behavior w.r.t gaps between segments for PUSCH, PUCCH and NPUSCH, when the UE performs segmented pre-compensation, is as follows:
When a single capability is signaled: UE drops one of the following durations of uplink transmission between segments (indicated by the capability):
· 1 slot (applicable to eMTC)
· 1 subframe (applicable to eMTC)
· 1 slot (applicable to NB-IoT)
· 2 slots (applicable to NB-IoT)
· 1 symbol (applicable to both eMTC and NB-IoT) 
When capability is NOT signalled: UE follows legacy behavior at slot boundaries due to TA adjustment.
Proposal 7: RAN1 can discuss the single UE capability for UL segmented transmission in AI 8.16.14 UE features for IoT over NTN.
Proposal 8: For set 2, RAN1 agree on orbital parameters α , e, ω , Ω , I, and M in Earth Centered Inertial (ECI) Frame
· The ECI and ECEF coincide at Epoch time  (e.g. x,y,z axis in ECEF are aligned with x,y,z axis in ECI)

For Timing relationships: 
Proposal 9: It is preferable to utilize Option 1 for NPDCCH monitoring restrictions for Cases 1 to 6 11 in the specifications.
· The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of downlink subframe timing. This would typically involve inserting a “-TA” term in their indexing.
Observation 4: For Option 2 for NPDCCH monitoring restrictions for Cases 1 to 6 in the specifications, it is necessary to clarify the UE behaviour in the specifications where eNB schedules the NPUSCH to start in UL subframe n+k, where the ‘k’ variable is a generic subframe index corresponding to “k0+ K_offset –TA”. 
Proposal 10: Utilize ceil(TA) =   in spec editing of NPDCCH monitoring Restrictions.
Proposal 11: Agree on introduction of K_mac for NPDCCH monitoring cases 7-11 in TP#1 to TS 36.213 Section 16.6.
Proposal 12: Agree on introduction of term S(TA) equals to ceil (TA) for NPDCCH monitoring cases 1-11 in TP#1 to TS 36.213 Section 16.6. 
	---------------------------------------- Start of TP #1 for 3GPP TS 36.213 ----------------------------------------
36.213 Section 16.6 Narrowband physical downlink control channel related procedures
<Unchanged Text Omitted>
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k(accounting for uplink transmission timing),
-	[case 1: MTBG NPUSCH] if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-S(TA)-1, where S(TA) equals to ; otherwise [case 2: 2 NPUSCH HARQ processes scheduled] the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-S(TA)-2 to subframe n+k-S(TA)-1, where S(TA) equals to ; and
· [case 3: long single NPUSCH when MTBG or 2HARQ configured] the UE does not expect to receive a DCI Format N0 before subframe n+k-S(TA)-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k-S(TA)+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block, where S(TA) equals to. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	[case 4: single NPUSCH scheduled by DCI format N0 or RAR]if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k(accounting for uplink transmission timing), the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-S(TA)-1, where S(TA) equals to . 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	[case 5: NPUSCH format 2 in response to DCI format N1] for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m(accounting for uplink transmission timing) the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-S(TA)-1, where S(TA) equals to . 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	[case 6: NPRACH in response to PDCCH order] for FDD, if the corresponding NPRACH transmission starts from subframe n+k(accounting for uplink transmission timing), the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-S(TA)-1, where S(TA) equals to . 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
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-S(TA)+1 to subframe n+ +3, where S(TA) equals to ;

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-S(TA)+1 to subframe n+ +3, where S(TA) equals to . 
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'-S(TA)+1 to subframe n + +3, where S(TA) equals to . 
If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	the UE is not required to monitor an NPDCCH candidate of an NPDCCH search space if the candidate ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5
otherwise
-	the UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an NPDCCH candidate of the NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5. 
An NB-IoT UE is not required to monitor NPDCCH candidates of an NPDCCH search space during an NPUSCH UL gap.
An NB-IoT UE is not required to monitor NPDCCH candidates of a Type2A-NPDCCH common search space during the scheduling gap or the processing gap.
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-S(TA) to subframe n++40, where S(TA) equals to 
-	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-S(TA) to subframe n+ +3, where S(TA) equals to .
<Unchanged Text Omitted>
---------------------------------------- End of TP #1 for 3GPP TS 36.213 -----------------------------------------




Proposal 13: Agree on the capturing RAN1#108e agreement on  in TP #2 and TP #3 to TS 36.213 Sections 6.1, 16.3.1.

	---------------------------------------- Start of TP #2 for 3GPP TS 36.213 ----------------------------------------
36.213 Section 6.1
<Unchanged Text Omitted>
-     For BL/CE UEs, detection of a MPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher layers (see [8], Clause 5.1.4), where UE-eNB RTT is calculated as floor( subframes, where  is specified in [TS 36.211, Clause 8.1],  is the subframe duration (1ms), and  is provided by the higher layer parameter K-Mac in unit of 1 ms or  if K-Mac is not provided. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer, which is processed according to Clause 6.2.
<Unchanged Text Omitted>
---------------------------------------- End of TP #2 for 3GPP TS 36.213 -----------------------------------------



	---------------------------------------- Start of TP #3 for 3GPP TS 36.213 ----------------------------------------
36.213 section 16.3.1
<Unchanged Text Omitted>
-     Detection of a NPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher layers (see [8], Clause 5.1.4), where UE-eNB RTT is calculated as floor( subframes, where  is specified in [TS 36.211, Clause 8.1],  is the subframe duration (1ms), and  is provided by the higher layer parameter K-Mac in unit of 1 ms or  if K-Mac is not provided. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer, which is processed according to Clause 16.3.3.
<Unchanged Text Omitted>
---------------------------------------- End of TP #3 for 3GPP TS 36.213 -----------------------------------------
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