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1	Introduction
In this contribution, we provide our views on the remaining issues for time and frequency synchronization and timing relationship enhancements for the Release 17 work item (WI) on IoT NTN [1].
2	Uplink time and frequency synchronization
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2.1	NTN SIB accumulation
A key remaining issue for IoT NTN is how to handle NTN SIB accumulation across SI windows. In RAN1#109-e, the following feature lead recommendation was made for NTN SIB accumulation:
FL Recommendation: More discussions will be needed on this topic to further align companies understanding and achieve consensus. Companies are encouraged to take into account the comments from companies above and discuss offline before next RAN1 meeting.
Both eMTC and NB-IoT allow SIB repetitions within an SI window. The SI window configuration details for eMTC and NB-IoT are provided in Table 1. Additionally, the legacy eMTC/NB-IoT UEs can accumulate SIBs across multiple SI windows if needed for decoding (except for the SIBs that change frequently such as SIB16). 
[bookmark: _Ref101589605]Table 1 SI window configuration parameters for eMTC and NB-IoT.
	
	SI window length
	Repetition pattern within SI window
	SI periodicity

	eMTC
	{1, 2, 5, 10, 15, 20, 40, 60, 80, 120, 160, 200} ms
	Every radio frame or every {2nd, 4th, 8th} radio frame
	{8, 16, 32, 64, 128, 256, 512} radio frames

	NB-IoT
	{160, 320, 480, 640, 960, 1280, 1600} ms
	Every {2nd, 4th, 8th, 16th} radio frame
	{64, 128, 256, 512, 1024, 2048, 4096} radio frames



If the content of the NTN SIB remains unchanged across multiple SI windows, it is beneficial to allow SIB accumulation over those windows to overcome poor coverage. If the NTN SIBs in the accumulated SI windows are different, accumulation will be a futile effort as it will lead to a decoding error.
Depending on the NTN scenario, it is up to the network how frequently it transmits and updates the NTN SIB. Based on the parameter values for the SI configuration and the validity timer, we analyze the potential scenarios where NTN SIB accumulation may be feasible. In Table 2 for eMTC and Table 3 for NB-IoT, we observe that there are many combinations of the SI periodicity and the UL synchronization validity timer duration for which the ephemeris is expected to remain unchanged. The smaller validity timer values mainly apply to LEO scenarios whereas the larger validity timer values are for GEO scenarios. Since eMTC supports a much smaller SI periodicity than NB-IoT, the NTN SIB can be transmitted more frequently in eMTC than in NB-IoT. This means that there can be a greater number of SI windows in a certain time duration in eMTC than in NB-IoT. Nonetheless, for both eMTC and NB-IoT, it is possible to accumulate NTN-SIB over multiple SI windows.   
[bookmark: _Ref110455042]Table 2 Number of eMTC NTN SIBs that can be accumulated before the validity timer expires.
	Validity timer (sec)
	eMTC SI window periodicity (sec)

	
	0.08
	0.16
	0.32
	0.64
	1.28
	2.56
	5.12

	
	Number of eMTC SI windows within a validity timer duration

	5
	62
	31
	15
	7
	3
	1
	-

	10
	125
	62
	31
	15
	7
	3
	1

	15
	187
	93
	46
	23
	11
	5
	2

	30
	375
	187
	93
	46
	23
	11
	5

	60
	750
	375
	187
	93
	46
	23
	11

	120
	1500
	750
	375
	187
	93
	46
	23

	180
	2250
	1125
	562
	281
	140
	70
	35

	240
	3000
	1500
	750
	375
	187
	93
	46

	900
	11250
	5625
	2812
	1406
	703
	351
	175




[bookmark: _Ref110455045]Table 3 Number of NB-IoT NTN SIBs that can be accumulated before the validity timer expires.
	Validity timer (sec)
	NB-IoT SI window periodicity (sec)

	
	0.64
	1.28
	2.56
	5.12
	10.24
	20.48
	40.96

	
	Number of NB-IoT SI windows within a validity timer duration

	5
	7
	3
	1
	-
	-
	-
	-

	10
	15
	7
	3
	1
	-
	-
	-

	15
	23
	11
	5
	2
	1
	-
	-

	30
	46
	23
	11
	5
	2
	1
	-

	60
	93
	46
	23
	11
	5
	2
	1

	120
	187
	93
	46
	23
	11
	5
	2

	180
	281
	140
	70
	35
	17
	8
	4

	240
	375
	187
	93
	46
	23
	11
	5

	900
	1406
	703
	351
	175
	87
	43
	21



Based on the information in the above tables, we make the following observations.
[bookmark: _Toc111368130]In eMTC/NB-IoT NTN, there are numerous configurations of the SI window periodicity and the validity timer duration for which the NTN SIB may remain unchanged over many SI windows and can therefore be accumulated.
[bookmark: _Toc111368131]NTN SIB may need to be updated much more frequently for LEO than for GEO.
Depending on the SI window configuration and the NTN SIB update frequency, the UEs in poor coverage may still benefit from accumulating NTN SIBs across SI windows. Therefore, instead of disallowing NTN SIB accumulation altogether, it seems desirable that the network indicates to the UE whether the NTN SIB accumulation is prohibited (in Section 2.1.1, we suggest how this can be done with existing signalling). In short, it is essential to preserve the legacy functionality of SI accumulation for NTN SIBs due to the following reasons: 
· UEs in deep coverage can leverage SIB accumulation to decode the essential NTN SIB.
· When SIB accumulation is not feasible, the network may prohibit SIB accumulation and configure a larger number of repetitions instead. 
· Lean SI transmission is possible since network need not waste additional resources (i.e., longer SI windows with more repetitions) to cater to UEs in deep coverage since such UEs can accumulate NTN SIBs.

[bookmark: _Toc111368132]Without NTN SIB accumulation across SI windows, the network may need to configure longer SI windows to support a larger number of repetitions, resulting in a high signalling overhead.  
Based on the above discussion, we put forth the following proposal.
[bookmark: _Toc111368137]Network to optionally indicate if NTN SIB accumulation across SI windows is allowed or not.
2.1.1	NTN SIB accumulation with Explicit epoch time
With explicit epoch time indication, the epoch time is included in the NTN SIB. Therefore, the contents of the NTN SIB remain unchanged as long as the epoch time remains unchanged (in addition to the common TA parameters, the ephemeris and the validity timer remaining unchanged). Epoch time can be indicated up to 5.12 sec into the past or future (with the possibility to indicate epoch time in both the past and the future), or up to 10.24 sec into the future or into the past (with the possibility to indicate the epoch time in the past only or in the future only). Since NTN SIB is an essential SIB, it is expected to be transmitted with a shorter SI periodicity e.g., at least once a second. This means that there is a large number of SI windows within a validity timer duration for both LEO and GEO (as evident from Table 2 and Table 3). However, due to explicit epoch time indication, there is an additional limit of 5.12 sec (or 10.24 sec) imposed on the SI accumulation duration.   
[bookmark: _Toc111368133]For explicit epoch time indication, without introducing additional signalling, the epoch time indication range essentially limits the NTN SIB accumulation to shorter SI periodicities of up to 64 frames.   
Therefore, SI periodicity value can be used to determine whether or not NTN SIB accumulation is allowed. If it exceeds 64 frames, the UE may assume that NTN SIB accumulation is not allowed. There is no signalling needed in this case as SI periodicity will be signalled anyways.  
[bookmark: _Toc111368134]Depending on the SI periodicity, the UE may determine whether to accumulate the NTN SIB.
Based on the above discussion, we conclude that for eMTC, NTN SIB accumulation is attractive for SI periodicities of {8, 16, 32, 64} frames.
[bookmark: _Toc111368138]For eMTC NTN with explicit epoch time indication, without introducing additional signalling, support NTN SIB accumulation at least for the following SI periodicities: {8, 16, 32, 64} frames.
For NB-IoT, NTN SIB accumulation is attractive for the SI periodicity of 64 frames since this is the smallest SI periodicity that can be configured in NB-IoT. 
[bookmark: _Toc111368139]For NB-IoT NTN with explicit epoch time indication, without introducing additional signalling, support NTN SIB accumulation at least for the SI periodicity of 64 frames.
If the network optionally signals in SIB1 assistance information such as whether SIB accumulation is prohibited or not, and/or the number of SI windows that can be accumulated, or the H-SFN number for the explicit epoch time to extend its range, or the explicit time (e.g., subframe, SFN, H-SFN) until the NTN SIB remains unchanged, it can help optimize the UE behavior as the UE will know when to stop attempting to decode the SIB. Moreover, it can also extend the epoch timer range which in turn can make SIB accumulation feasible even for larger SI periodicities.  
[bookmark: _Toc111368135]For explicit epoch time indication, introducing additional signalling can help extend the SIB accumulation to even larger SI periodicities and/or optimize the UE behavior regarding SIB accumulation.

2.1.2	NTN SIB accumulation with Implicit epoch time
With implicit epoch time indication, the epoch time is not explicitly transmitted in the NTN SIB. Therefore, in addition to decoding the NTN SIB, the UE also needs to determine the epoch time. To enable NTN SIB accumulation with implicit epoch time, the network should indicate additional information about the number of SI windows that can be accumulated and the epoch time. For instance, the network may signal in SIB1 the number of SI windows, , over which the NTN SIBs can be accumulated via a k-bit field. The UE can consider the end of the  SI window as its implicit epoch time.     
[bookmark: _Toc111368136]A UE in deep coverage will typically need to accumulate over only a few SI windows to decode the NTN SIB. Therefore, it may be sufficient if the network indicates the number of SI windows that can be accumulated via a 1-bit or 2-bit indication in SIB1.   
For example, with a 2-bit indication, the network may indicate that the UE may accumulate across 1, 2, 4, or 8 SI windows. In addition, the network may also need to indicate a time reference (e.g., subframe, SFN, H-SFN) in SIB1 to indicate the start of the SI window accumulation period. With this information, the UE will know when to start accumulating the NTN SIB. 
[bookmark: _Toc111368140]With implicit epoch time indication, support NTN SIB accumulation for both LEO and GEO by introducing additional signalling.
[bookmark: _Toc111368141]For implicit epoch time case, network to optionally broadcast a k-bit assistance information in SIB1 to indicate the number of the SI windows, , that can be accumulated for decoding the NTN SIB, and/or a reference time to mark the start and/or the end of the accumulation period consisting of  SI windows.   
Finally, let us consider the SIB decoding scenarios. Let us suppose that a UE needs to accumulate across X SI windows to decode the NTN SIB. Let us assume that the NTN SIB content remains unchanged over a set of  SI windows, and that the UE attempts to decode starting from the  SI window () within the set of  SI windows, i.e., it can accumulate up to  SI windows. Furthermore, for the relevant SI configurations,  is expected to be a large number (e.g., see Table 2 and Table 3) compared to X (e.g., 1, 2, 3, etc.) for most UEs. We have the following two cases:  
Table 5 Decoding cases for NTN SIB accumulation.
	
	
	Can UE decode the NTN SIB?
	Applicable scenarios for eMTC
	Applicable scenarios for NB-IoT

	Case A
	  X
	No
	If NTN SIB periodicity is roughly the same order as the validity timer
	If NTN SIB periodicity is roughly the same order as the validity timer

	Case B
	  X
	Yes
	GEO.
Most LEO scenarios


	Most GEO scenarios.
Many LEO scenarios with frequent SI transmission






2.2	Epoch time
In the NR NTN WI, explicit epoch time definition has been discussed. We can adopt the same definition for IoT NTN as agreed for NR NTN.
[bookmark: _Toc111368142]For IoT NTN, adopt the same definition for explicit epoch time as for NR NTN.
Similar to NR NTN, we may also support implicit epoch time indication in IoT NTN. To support NTN SIB accumulation in IoT NTN, however, the definition for the implicit epoch time can be revised as follows.   
[bookmark: _Toc111368143]For IoT NTN, when epoch time is not explicitly indicated in SIB, the epoch time of assistance information (i.e., Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the  SI window, if parameter  is signalled by the network to indicate the number of windows for which the NTN-specific SIB SI message can be accumulated for decoding. If parameter  is not signalled, the epoch time is implicitly known as the end of the SI window containing the SI message with the NTN-specific SIB.
3	Timing relationship enhancements
In this section, we present our views on the remaining issues related to timing relationship enhancements. 
3.1	TP for TS 36.213 Clause 16.4.2
We have identified an issue in the highlighted text of Clause 16.4.2 of TS 36.213:
· For IoT NTN, it is incorrect to use “DL” in  DL” since  is needed to maintain causality when UL subframe is used as a reference. 
· On the other hand, replacing “DL” by “UL” impacts the legacy specification for Terrestrial networks, thus it will be prudent to use  DL UL” for NTN while preserving the legacy text (i.e.,  DL”) for terrestrial networks.

[bookmark: _Toc111368144]Adopt the following TP for TS 36.213 Clause 16.4.2:
[bookmark: _Toc111368145]-------------------- Start of TP for 3GPP TS 36.213 --------------------
16.4.2	UE procedure for reporting ACK/NACK
<Unchanged Text Omitted>
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 
-	 DL subframe or  UL subframe for an NTN serving cell for FDD,
-	 NB-IoT UL subframes following the end of n+12 subframe for TDD,
transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots, …
-------------------- End of TP for 3GPP TS 36.213 --------------------



3.2	TP for TS 36.213 Clause 16.5.1
We have identified a few issues as highlighted in the following Clause 16.5.1 of TS 36.213:
· For IoT NTN, it is incorrect to use “DL” in “n+k0+Koffset DL” since  is needed to maintain causality when UL subframe is used as a reference. 
· On the other hand, replacing “DL” by “UL” impacts the legacy specification for Terrestrial networks, thus it will be prudent to use “n+k0+Koffset DL UL” for NTN while preserving the legacy text (i.e.,  DL”) for terrestrial networks. 
   
[bookmark: _Toc111368146]Adopt the following proposal for TS 36.213 Clause 16.5.1:
--------------------------------------------3GPP TS 36.213 --------------------------------------------
16.5.1	UE procedure for transmitting format 1 narrowband physical uplink shared channel
<Unchanged Text Omitted>
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n scheduling NPUSCH intended for the UE, perform, at the end of 
-	n+k0+Koffset DL subframe or n+k0+Koffset UL subframe for an NTN serving cell for FDD,
-	k0 NB-IoT UL subframes following the end of n+8 subframe for TDD,
a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1 according to the NPDCCH information where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and
-	, where the value of is determined by the repetition number field in the corresponding DCI (see Clause 16.5.1.1), the value of is determined by the resource assignment field in the corresponding DCI (see Clause 16.5.1.1), the value of  is the number of NB-IoT UL slots of the resource unit (defined in clause 10.1.2.3 of [3]) corresponding to the  allocated number of subcarriers (as determined in Clause 16.5.1.1) in the corresponding DCI, and the value of is determined by the Number of scheduled TB for Unicast field, if present, in the corresponding DCI,  otherwise
-	n0 is the first NB-IoT UL slot starting after the end of subframe n+k0+Koffset or UL subframe n+k0+Koffset for an NTN serving cell for FDD 
-	n0 is the first NB-IoT UL slot starting after k0 NB-IoT UL subframes following the end of n+8 subframe for TDD
--------------------------------------------3GPP TS 36.213 --------------------------------------------



3.3	TP for TS 36.213 Clause 7.3.1
We have identified the following issue in Clause 7.3.1 of TS 36.213 v17.2.0:
· For supporting the IoT NTN case, the  parameter is missing in the procedures described in this clause.  
   
[bookmark: _Toc111368148]Adopt the following proposal for TS 36.213 Clause 7.3.1:
 --------------------------------------------3GPP TS 36.213 --------------------------------------------
7.3.1	FDD HARQ-ACK reporting procedure 
<Unchanged Text Omitted>
For a BL/CE UE with higher layer parameter ce-PDSCH-14HARQ-Config configured, for PDSCH transmission in subframe n-k or in subframe n-k- for an NTN serving cell, if the UE is in half-duplex FDD operation and is configured with CEModeA, and 'PDSCH scheduling delay and HARQ-ACK delay for 14 HARQ' field is present in the corresponding DCI,
[bookmark: _Hlk86774900]-	if the HARQ-ACK delay value as defined in [4], in the corresponding DCI indicates value k, the UE shall determine the subframe n as the HARQ-ACK transmission subframe.
--------------------------------------------3GPP TS 36.213 --------------------------------------------




4	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	In eMTC/NB-IoT NTN, there are numerous configurations of the SI window periodicity and the validity timer duration for which the NTN SIB may remain unchanged over many SI windows and can therefore be accumulated.
Observation 2	NTN SIB may need to be updated much more frequently for LEO than for GEO.
Observation 3	Without NTN SIB accumulation across SI windows, the network may need to configure longer SI windows to support a larger number of repetitions, resulting in a high signalling overhead.
Observation 4	For explicit epoch time indication, without introducing additional signalling, the epoch time indication range essentially limits the NTN SIB accumulation to shorter SI periodicities of up to 64 frames.
Observation 5	Depending on the SI periodicity, the UE may determine whether to accumulate the NTN SIB.
Observation 6	For explicit epoch time indication, introducing additional signalling can help extend the SIB accumulation to even larger SI periodicities and/or optimize the UE behavior regarding SIB accumulation.
Observation 7	A UE in deep coverage will typically need to accumulate over only a few SI windows to decode the NTN SIB. Therefore, it may be sufficient if the network indicates the number of SI windows that can be accumulated via a 1-bit or 2-bit indication in SIB1.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Network to optionally indicate if NTN SIB accumulation across SI windows is allowed or not.
Proposal 2	For eMTC NTN with explicit epoch time indication, without introducing additional signalling, support NTN SIB accumulation at least for the following SI periodicities: {8, 16, 32, 64} frames.
Proposal 3	For NB-IoT NTN with explicit epoch time indication, without introducing additional signalling, support NTN SIB accumulation at least for the SI periodicity of 64 frames.
Proposal 4	With implicit epoch time indication, support NTN SIB accumulation for both LEO and GEO by introducing additional signalling.
Proposal 5	For implicit epoch time case, network to optionally broadcast a k-bit assistance information in SIB1 to indicate the number of the SI windows, , that can be accumulated for decoding the NTN SIB, and/or a reference time to mark the start and/or the end of the accumulation period consisting of  SI windows.
Proposal 6	For IoT NTN, adopt the same definition for explicit epoch time as for NR NTN.
Proposal 7	For IoT NTN, when epoch time is not explicitly indicated in SIB, the epoch time of assistance information (i.e., Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the  SI window, if parameter  is signalled by the network to indicate the number of windows for which the NTN-specific SIB SI message can be accumulated for decoding. If parameter  is not signalled, the epoch time is implicitly known as the end of the SI window containing the SI message with the NTN-specific SIB.
Proposal 8	Adopt the following TP for TS 36.213 Clause 16.4.2:
-------------------- Start of TP for 3GPP TS 36.213 --------------------
16.4.2	UE procedure for reporting ACK/NACK
<Unchanged Text Omitted>
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 
-	 DL subframe or  UL subframe for an NTN serving cell for FDD,
-	 NB-IoT UL subframes following the end of n+12 subframe for TDD,
transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots, …
-------------------- End of TP for 3GPP TS 36.213 --------------------


Proposal 9	Adopt the following proposal for TS 36.213 Clause 16.5.1:
--------------------------------------------3GPP TS 36.213 --------------------------------------------
16.5.1	UE procedure for transmitting format 1 narrowband physical uplink shared channel
<Unchanged Text Omitted>
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n scheduling NPUSCH intended for the UE, perform, at the end of 
-	n+k0+Koffset DL subframe or n+k0+Koffset UL subframe for an NTN serving cell for FDD,
-	k0 NB-IoT UL subframes following the end of n+8 subframe for TDD,
a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1 according to the NPDCCH information where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and
-	, where the value of is determined by the repetition number field in the corresponding DCI (see Clause 16.5.1.1), the value of is determined by the resource assignment field in the corresponding DCI (see Clause 16.5.1.1), the value of  is the number of NB-IoT UL slots of the resource unit (defined in clause 10.1.2.3 of [3]) corresponding to the  allocated number of subcarriers (as determined in Clause 16.5.1.1) in the corresponding DCI, and the value of is determined by the Number of scheduled TB for Unicast field, if present, in the corresponding DCI,  otherwise
-	n0 is the first NB-IoT UL slot starting after the end of subframe n+k0+Koffset or UL subframe n+k0+Koffset for an NTN serving cell for FDD 
-	n0 is the first NB-IoT UL slot starting after k0 NB-IoT UL subframes following the end of n+8 subframe for TDD
--------------------------------------------3GPP TS 36.213 --------------------------------------------


Proposal 10	Adopt the following proposal for TS 36.213 Clause 7.3.1:
--------------------------------------------3GPP TS 36.213 --------------------------------------------
7.3.1	FDD HARQ-ACK reporting procedure 
<Unchanged Text Omitted>
For a BL/CE UE with higher layer parameter ce-PDSCH-14HARQ-Config configured, for PDSCH transmission in subframe n-k or in subframe n-k- for an NTN serving cell, if the UE is in half-duplex FDD operation and is configured with CEModeA, and 'PDSCH scheduling delay and HARQ-ACK delay for 14 HARQ' field is present in the corresponding DCI,
-	if the HARQ-ACK delay value as defined in [4], in the corresponding DCI indicates value k, the UE shall determine the subframe n as the HARQ-ACK transmission subframe.
--------------------------------------------3GPP TS 36.213 --------------------------------------------
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