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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: _Toc118453258]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: _Toc118453259]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: _Toc118453260]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: _Toc118453263]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). As per the agreement in RAN1#110 for NR NTN, epoch time can be indicated up to 10.24 sec into the future. 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 the range of explicit epoch time indication, there is an additional limit of 10.24 sec imposed on the SI accumulation duration.   
[bookmark: _Toc118453261]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 128 frames.   
Therefore, SI periodicity value can be used to determine whether or not NTN SIB accumulation is allowed. If it exceeds 128 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: _Toc118453262]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, 128} frames.
[bookmark: _Toc118453264]For eMTC NTN with explicit epoch time indication, without introducing additional signalling, NTN SIB accumulation can be supported for the following SI periodicities: {8, 16, 32, 64} frames.
For NB-IoT, NTN SIB accumulation is attractive for SI periodicities of {64, 128} frames. 
[bookmark: _Toc118453265]For NB-IoT NTN with explicit epoch time indication, without introducing additional signalling, NTN SIB accumulation can be supported for the following SI periodicity: {64} frames.
We reiterate that the SI periodicity is sufficient for the UE to learn the number of SI windows that fall within the minimum validity time duration of 5 seconds. Another parameter unknown to the UE (before decoding the NTN SIB) is the epoch time which can be indicated up to 10.24 seconds into the future. The UE will only be able to accumulate the NTN SIBs up till the indicated epoch time. Depending on how far ahead into the future the network configures the epoch time, it can increase or decrease the number of SI windows that can be accumulated. For instance, if the epoch time is 5 seconds into the future, then the UE can accumulate across all the SI windows within 5 sec duration. Conversely, if the network updates epoch time in every NTN SIB transmission, SIB accumulation is infeasible. Therefore, if the network optionally signals in SIB1 assistance information to indicate if SIB accumulation is prohibited or not, it can help optimize the UE behavior as the UE will know if it should accumulate NTN SIB.  
[bookmark: _Toc118453266]Network to optionally broadcast a 1-bit assistance information in SI to indicate whether an IoT NTN UE should attempt NTN SIB accumulation.

2.2	Epoch time
In the NR NTN WI, the definition for the SFN indicating explicit epoch time has been agreed. We can adopt the same definition for IoT NTN as agreed for NR NTN. Moreover, the validity instance of assistance information is currently under discussion for NR NTN. Our view is that an IoT NTN UE should also consider the assistance information valid as soon as it is received (see [2] for a detailed discussion).  
[bookmark: _Ref111156585][bookmark: _Toc115381502][bookmark: _Toc118453267]For IoT NTN, adopt the same definition for validity of assistance information as for NR NTN.
3	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 128 frames.
Observation 5	Depending on the SI periodicity, the UE may determine whether to accumulate the NTN SIB.

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, NTN SIB accumulation can be supported 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, NTN SIB accumulation can be supported for the following SI periodicity: {64} frames.
Proposal 4	Network to optionally broadcast a 1-bit assistance information in SI to indicate whether an IoT NTN UE should attempt NTN SIB accumulation.
Proposal 5	For IoT NTN, adopt the same definition for validity of assistance information as for NR NTN.

References
[bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref525824664][bookmark: _Hlk4751152]RP 211601, “WID on IoT NTN enhancements”, RAN #95e, Electronic Meeting, March 17th – 23rd, 2022.
[bookmark: _Ref115369203]R1-2209654, “On the validity of assistance information for R17 NR NTN”, Ericsson, RAN1#110-e, Electronic Meeting, October 10th -19th, 2022.
	4/4	
