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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	Common TA
IoT NTN can adopt the same agreement for common TA calculation as agreed for NR NTN. Based on the final version of the TP proposed in the FL summary R1-2202915 in RAN1#108-e, we propose the following. 
[bookmark: _Toc101743157]Adopt TP on  in TS 38.213 Section 4.2.3 in NR NTN for IoT NTN in TS 36.213 Section 4.2.3.  
2.2	Segmented pre-compensation
In RAN1#107-e, the following agreement was made for uplink pre-compensation gap for segmented transmission. We need to capture the details of the gap in TS 36.211 for eMTC and NB-IoT.
 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
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) 
Agreement
For NB-IoT, UE pre-compensation per segment of NPRACH is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
· UE may drop / Insert samples
· UE may blank subframe / repetition unit where UE drops a subframe / repetition unit
The total transmission time is not changed
FFS Details of method(s) to drop / insert samples / blank subframe / repetition unit 
FFS Specification impact
Agreement
For eMTC, UE pre-compensation per segment of PRACH is applied from one segment to the next segment by drop / insert samples in Guard Period of PRACH preamble.
· The total transmission time is not changed
· FFS Details of method(s) to drop / insert samples




It is clear from the above agreement that a single UE capability is reported in case the UE needs to drop a slot/subframe for pre-compensation of PUSCH/NPUSCH/PUCCH. Based on the final version of the TPs proposed in the final FL summary R1-2202915 in RAN1#108-e, we put forth the following proposals. 

[bookmark: _Toc101743158]Adopt the following proposal for PUSCH in TS 36.211 Clause 5.3.4:
[bookmark: _Toc101743159]-------------------- Start of TP for 3GPP TS 36.211 --------------------
5.3.4 Mapping to physical resources	
<Unchanged Text Omitted>
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity is one subframe, one slot, or one symbol, based on the   quantity  supported by the UE if indicated by the UE in ue-CE-NeedSegmentedPrecompensationGaps. 

For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of [image: ] time units (which may include subframes that are not BL/CE UL subframes), a gap of [image: ] time units shall be inserted, according to the UE capability ue-CE-NeedULGaps, as specified in 3GPP TS 36.331 [9]. BL/CE UL subframes within the gap of [image: ] time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.

-------------------- End of TP for 3GPP TS 36.211 --------------------



[bookmark: _Toc101743160]Adopt the following proposal for PUCCH in TS 36.211 Clause 5.4.3:
[bookmark: _Toc101743161]-------------------- Start of TP for 3GPP TS 36.211 --------------------
5.4.3 Mapping to physical resources	
<Unchanged Text Omitted>
For BL/CE UEs communicating over NTN, for PUCCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of  time units shall be counted for the PUCCH resource mapping but not used for transmission of the PUCCH, according to the UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity  is one subframe, one slot, or one symbol based on the   quantity  supported by the UE if indicated by the UE in ue-CE-NeedSegmentedPrecompensationGaps.
-------------------- End of TP for 3GPP TS 36.211 --------------------


[bookmark: _Toc101743162]Adopt the following proposal for NPUSCH in TS 36.211 Clause 10.1.3.6:
[bookmark: _Toc101743163]-------------------- Start of TP for 3GPP TS 36.211 --------------------
10.1.3.6 Mapping to physical resources	
<Unchanged Text Omitted>
For a UE communicating over NTN, after transmissions and/or postponements due to NPRACH of time units, for frame structure type 1, a transmission gap of  time units shall be shall be counted for the NPUSCH resource mapping but not used for transmission of the NPUSCH according to the UE capability ue-NBIOT-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity  is one slot, two slots, or one symbol based on the quantity supported by the UE if indicated by the UE in ue-NBIOT-NeedSegmentedPrecompensationGaps. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.

-------------------- End of TP for 3GPP TS 36.211 --------------------


2.3	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: _Toc101743164]For IoT NTN, adopt the same definition for explicit epoch time as for NR NTN.
2.3	NTN SIB accumulation
Another remaining issue for IoT NTN is how to handle NTN SIB accumulation across SI windows. 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 UEs can possibly 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, 2040, 4096} radio frames



If the content of 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 updates the NTN SIB.  
[bookmark: _Toc101591785][bookmark: _Hlk100873740]NTN SIB may need to be updated much more frequently for LEO than for GEO.
One option is to prohibit NTN SIB accumulation across SI windows for LEO. For GEO, NTN SIB accumulation may still be beneficial since the NTN SIB is not updated frequently. 
[bookmark: _Toc101591786]NTN SIB accumulation across SI windows may be more beneficial for GEO than for LEO scenarios.
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 it to the UE if NTN SIB accumulation is prohibited.
[bookmark: _Toc101591787]The NTN SIB update frequency and the SI window configuration jointly determine if NTN SIB accumulation will be beneficial. 
Based on the above discussion, we put forth the following proposal.
[bookmark: _Toc101743165]Network should have the ability to optionally indicate if NTN SIB accumulation across SI windows is allowed or not.
The network is expected to update the NTN SIB carrying satellite ephemeris in a predictable fashion. If the NTN SIB accumulation across SI windows is allowed, it may be beneficial to broadcast the NTN SIB update periodicity to help the UE determine the number of identical NTN SIBs that it may accumulate. This would avoid the event where the UE erroneously accumulates across SI windows where different NTN SIBs were transmitted. Moreover, the network can also indicate a reference time (e.g., subframe, SFN, H-SFN) in SI to indicate the end of the SI accumulation window. This would eliminate any ambiguity about which NTN SIBs to accumulate across once the UE attempts to acquire SI. 
Another possibility is to increase the SI window length for IoT NTN. This will allow the network to configure a larger number of repetitions if needed. For example, in certain LEO scenarios where NTN SIB accumulation is not possible because the NTN SIB is updated every SI window, the network may configure a larger number of repetitions. As evident from Table 1, additional values for the SI window lengths can be added for IoT NTN using the existing number of bits for both eMTC and NB-IoT.   
We summarize the above discussion and present a way forward for NTN SIB accumulation in Table 2.
[bookmark: _Toc101743166]RAN1 to discuss and decide the best solution for NTN SIB accumulation while considering the technical merits as summarized in Table 2.
[bookmark: _Ref101590987]Table 2 Way forward for enabling NTN SIB accumulation for IoT NTN.
	
	Pros
	Cons
	Spec. impact

	Option 1: Prohibit NTN SIB accumulation across SI windows
	Only meaningful in NTN scenarios where NTN SIB will be updated during each SI window. 
	Too restrictive for many NTN scenarios where SI window periodicity is shorter than NTN SIB update frequency, e.g., the maximum SI periodicity is 5.12 s for eMTC and 40.96 s for NB-IoT which is much shorter than the NTN SIB update frequency in GEO.  
Large SI transmission overhead as network may need to configure a larger SI window to support a greater number of repetitions in the cell to compensate for the lack of SIB accumulation. 
Coverage-limited UEs cannot access the network if NTN SIB cannot be decoded.  
Not synergistic with legacy eMTC/NB-IoT specification which supports SIB accumulation. 
	Minimal

	Option 2: Network dynamically indicates if NTN SIB accumulation is allowed in a cell 

	Network has the flexibility to dynamically allow/disallow NTN SIB accumulation depending on the NTN scenario and the SI configuration:
· If allowed, UEs in deep coverage can leverage SIB accumulation to decode the 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 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.

	1-bit indication needed in SI. 
	Low

	Option 2a: Network dynamically indicates if NTN SIB accumulation is allowed in a cell AND indicates a reference time for SIB accumulation window 

	Same as Option 2.
UEs will know exactly how many SI windows it can accumulate across, e.g., similar to epoch time, a reference time can be signalled to mark the end of the SI accumulation period.

	Same as Option 2.
Reference time and/or number of indentical NTN SIBs needs to be indicated in SI.
	Low

	Option 3: Increase SI window size for IoT NTN
	Enables the network to configure a larger number of SIB repetitions to provide robust coverage.
Especially useful in scenarios where NTN SIB accumulation is impossible e.g., certain LEO scenarios where network updates the NTN SIB in every SI window.
Can be used in conjunction with Option 2/2a to provide a greater flexibility. 
	UEs in poor coverage may still require NTN SIB accumulation across multiple SI windows. 
	Low



3	Timing relationship enhancements
In this section, we present our views on the remaining issues related to timing relationship enhancements. 
[bookmark: _Toc101591788]Since the Rel-17 IoT NTN WI has focused exclusively on FDD, the legacy specification text for TDD should not be changed.

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:
· It is incorrect to use “DL” in  DL” since  is needed to maintain causality when UL subframe is used as a reference. 
· It will be prudent to use  DL UL” for NTN while preserving the legacy text for terrestrial networks.
· Since the Rel-17 IoT NTN WI has focused exclusively on FDD, it is not appropriate to alter the legacy specification text for TDD.

[bookmark: _Toc101743167]Adopt the following TP for TS 36.213 Clause 16.4.2:
[bookmark: _Toc101743168]-------------------- 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 for FDD if  is not configured,
-	 UL subframe for FDD if  is configured,
-	 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:
· 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. 
· It will be prudent to use “n+k0+Koffset DL UL” for NTN while preserving the legacy text for terrestrial networks. 
· Since the Rel-17 IoT NTN WI has focused exclusively on FDD, it is not appropriate to alter the legacy specification text for TDD.
   
[bookmark: _Toc101743169]Adopt the following proposal for TS 36.213 Clause 16.5.1:
[bookmark: _Toc101743170]--------------------------------------------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 for FDD if  is not configured,
-	n+k0+Koffset UL subframe for FDD if  is configured,
-	k0 NB-IoT UL subframes following the end of n+8+Koffset 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 for FDD if  is not configured
-	n0 is the first NB-IoT UL slot starting after the end of UL subframe n+k0+Koffset for FDD if  is configured
-	n0 is the first NB-IoT UL slot starting after k0 NB-IoT UL subframes following the end of n+8+Koffset subframe for TDD
--------------------------------------------3GPP TS 36.213 --------------------------------------------



3.3	TPs for TS 36.213 Clause 10.2
We have identified the following issue in Clause 10.2 of TS 36.213 v17.1.0:
· Since the focus of the Rel-17 IoT NTN WI has been FDD, it is not appropriate to alter the legacy specification text for TDD.
   
[bookmark: _Toc101743171]Adopt the following proposals for TS 36.213 Clause 10.2:
[bookmark: _Toc101743172] --------------------------------------------3GPP TS 36.213 --------------------------------------------
10.2	Uplink HARQ-ACK timing
<Unchanged Text Omitted>

For TDD, a BL/CE UE shall upon detection of a PDSCH within subframe(s) , where [image: ] and [image: ] is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response using the same  derived according to Clause 10.1.3.1 in subframe(s) n+ki with i =0,1, …, N-1, where
-	subframe n-k -Koffset is the last subframe in which the PDSCH is transmitted; and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layers parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
	if N>1
-	subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;
	otherwise
-	k0 =0
except if the UE is configured with higher layer parameter ce-PDSCH-MultiTB-Config and multiple TB are scheduled in the corresponding DCI.
--------------------------------------------3GPP TS 36.213 --------------------------------------------


[bookmark: _Toc101743173]--------------------------------------------3GPP TS 36.213 --------------------------------------------
10.2	Uplink HARQ-ACK timing
<Unchanged Text Omitted>

For TDD, if a BL/CE UE is configured with higher layer parameter ce-PDSCH-MultiTB-Config and multiple TBs are scheduled in the corresponding DCI, the BL/CE UE shall upon detection of a PDSCH intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response using the same  derived according to Clause 10.1.3.1 in subframe(s)  with ,  i =0,1, …, N-1, where
-	is the number of TB bundles
-	if the UE is not configured with higher layer parameter harq-AckBundling in ce-PDSCH-MultiTB-Config,  with bundle  consisting of only  .
-	Else, the value of  and the corresponding TBs in each bundle is determined according to clause 7.3

-	is the number of scheduled TB determined in the corresponding DCI;
-	, 
-	 is the last subframe in which the PDSCH containing TB bundle  is transmitted; 
-	 denotes the number of consecutive subframes including subframes that are not BL/CE UL subframes where the PUCCH with HARQ ACK for TB bundle  with repetition number of N is transmitted;
and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layers parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
-	subframe(s)  with i=0,1,…,N-1 for TB bundle  are N consecutive BL/CE UL subframe(s) immediately after subframe , and the set of BL/CE UL subframes are configured by higher layers.
--------------------------------------------3GPP TS 36.213 --------------------------------------------



4	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	NTN SIB may need to be updated much more frequently for LEO than for GEO.
Observation 2	NTN SIB accumulation across SI windows may be more beneficial for GEO than for LEO scenarios.
Observation 3	The NTN SIB update frequency and the SI window configuration jointly determine if NTN SIB accumulation will be beneficial.
Observation 4	Since the Rel-17 IoT NTN WI has focused exclusively on FDD, the legacy specification text for TDD should not be changed.

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

Proposal 1	Adopt 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 2	Adopt the following proposal for PUSCH in TS 36.211 Clause 5.3.4:
-------------------- Start of TP for 3GPP TS 36.211 --------------------
5.3.4 Mapping to physical resources	
<Unchanged Text Omitted>
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity is one subframe, one slot, or one symbol, based on the   quantity  supported by the UE if indicated by the UE in ue-CE-NeedSegmentedPrecompensationGaps. 

For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of [image: ] time units (which may include subframes that are not BL/CE UL subframes), a gap of [image: ] time units shall be inserted, according to the UE capability ue-CE-NeedULGaps, as specified in 3GPP TS 36.331 [9]. BL/CE UL subframes within the gap of [image: ] time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.

-------------------- End of TP for 3GPP TS 36.211 --------------------


Proposal 3	Adopt the following proposal for PUCCH in TS 36.211 Clause 5.4.3:
-------------------- Start of TP for 3GPP TS 36.211 --------------------
5.4.3 Mapping to physical resources	
<Unchanged Text Omitted>
For BL/CE UEs communicating over NTN, for PUCCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of  time units shall be counted for the PUCCH resource mapping but not used for transmission of the PUCCH, according to the UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity  is one subframe, one slot, or one symbol based on the   quantity  supported by the UE if indicated by the UE in ue-CE-NeedSegmentedPrecompensationGaps.
-------------------- End of TP for 3GPP TS 36.211 --------------------

Proposal 4	Adopt the following proposal for NPUSCH in TS 36.211 Clause 10.1.3.6:
-------------------- Start of TP for 3GPP TS 36.211 --------------------
10.1.3.6 Mapping to physical resources	
<Unchanged Text Omitted>
For a UE communicating over NTN, after transmissions and/or postponements due to NPRACH of time units, for frame structure type 1, a transmission gap of  time units shall be shall be counted for the NPUSCH resource mapping but not used for transmission of the NPUSCH according to the UE capability ue-NBIOT-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity  is one slot, two slots, or one symbol based on the quantity supported by the UE if indicated by the UE in ue-NBIOT-NeedSegmentedPrecompensationGaps. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.

-------------------- End of TP for 3GPP TS 36.211 --------------------


Proposal 5	For IoT NTN, adopt the same definition for explicit epoch time as for NR NTN.
Proposal 6	Network should have the ability to optionally indicate if NTN SIB accumulation across SI windows is allowed or not.
Proposal 7	RAN1 to discuss and decide the best solution for NTN SIB accumulation while considering the technical merits as summarized in Table 2.
Table 2 Way forward for enabling NTN SIB accumulation for IoT NTN.
	
	Pros
	Cons
	Spec. impact

	Option 1: Prohibit NTN SIB accumulation across SI windows
	Only meaningful in NTN scenarios where NTN SIB will be updated during each SI window. 
	Too restrictive for many NTN scenarios where SI window periodicity is shorter than NTN SIB update frequency, e.g., the maximum SI periodicity is 5.12 s for eMTC and 40.96 s for NB-IoT which is much shorter than the NTN SIB update frequency in GEO.  
Large SI transmission overhead as network may need to configure a larger SI window to support a greater number of repetitions in the cell to compensate for the lack of SIB accumulation. 
Coverage-limited UEs cannot access the network if NTN SIB cannot be decoded.  
Not synergistic with legacy eMTC/NB-IoT specification which supports SIB accumulation. 
	Minimal

	Option 2: Network dynamically indicates if NTN SIB accumulation is allowed in a cell 

	Network has the flexibility to dynamically allow/disallow NTN SIB accumulation depending on the NTN scenario and the SI configuration:
· If allowed, UEs in deep coverage can leverage SIB accumulation to decode the 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 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.

	1-bit indication needed in SI. 
	Low

	Option 2a: Network dynamically indicates if NTN SIB accumulation is allowed in a cell AND indicates a reference time for SIB accumulation window 

	Same as Option 2.
UEs will know exactly how many SI windows it can accumulate across, e.g., similar to epoch time, a reference time can be signalled to mark the end of the SI accumulation period.

	Same as Option 2.
Reference time and/or number of indentical NTN SIBs needs to be indicated in SI.
	Low

	Option 3: Increase SI window size for IoT NTN
	Enables the network to configure a larger number of SIB repetitions to provide robust coverage.
Especially useful in scenarios where NTN SIB accumulation is impossible e.g., certain LEO scenarios where network updates the NTN SIB in every SI window.
Can be used in conjunction with Option 2/2a to provide a greater flexibility. 
	UEs in poor coverage may still require NTN SIB accumulation across multiple SI windows. 
	Low


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 for FDD if  is not configured,
-	 UL subframe for FDD if  is configured,
-	 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 for FDD if  is not configured,
-	n+k0+Koffset UL subframe for FDD if  is configured,
-	k0 NB-IoT UL subframes following the end of n+8+Koffset 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 for FDD if  is not configured
-	n0 is the first NB-IoT UL slot starting after the end of UL subframe n+k0+Koffset for FDD if  is configured
-	n0 is the first NB-IoT UL slot starting after k0 NB-IoT UL subframes following the end of n+8+Koffset subframe for TDD
--------------------------------------------3GPP TS 36.213 --------------------------------------------


Proposal 10	Adopt the following proposals for TS 36.213 Clause 10.2:
--------------------------------------------3GPP TS 36.213 --------------------------------------------
10.2	Uplink HARQ-ACK timing
<Unchanged Text Omitted>

For TDD, a BL/CE UE shall upon detection of a PDSCH within subframe(s) , where [image: ] and [image: ] is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response using the same  derived according to Clause 10.1.3.1 in subframe(s) n+ki with i =0,1, …, N-1, where
-	subframe n-k -Koffset is the last subframe in which the PDSCH is transmitted; and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layers parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
	if N>1
-	subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;
	otherwise
-	k0 =0
except if the UE is configured with higher layer parameter ce-PDSCH-MultiTB-Config and multiple TB are scheduled in the corresponding DCI.
--------------------------------------------3GPP TS 36.213 --------------------------------------------


--------------------------------------------3GPP TS 36.213 --------------------------------------------
10.2	Uplink HARQ-ACK timing
<Unchanged Text Omitted>

For TDD, if a BL/CE UE is configured with higher layer parameter ce-PDSCH-MultiTB-Config and multiple TBs are scheduled in the corresponding DCI, the BL/CE UE shall upon detection of a PDSCH intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response using the same  derived according to Clause 10.1.3.1 in subframe(s)  with ,  i =0,1, …, N-1, where
-	is the number of TB bundles
-	if the UE is not configured with higher layer parameter harq-AckBundling in ce-PDSCH-MultiTB-Config,  with bundle  consisting of only  .
-	Else, the value of  and the corresponding TBs in each bundle is determined according to clause 7.3

-	is the number of scheduled TB determined in the corresponding DCI;
-	, 
-	 is the last subframe in which the PDSCH containing TB bundle  is transmitted; 
-	 denotes the number of consecutive subframes including subframes that are not BL/CE UL subframes where the PUCCH with HARQ ACK for TB bundle  with repetition number of N is transmitted;
and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layers parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
-	subframe(s)  with i=0,1,…,N-1 for TB bundle  are N consecutive BL/CE UL subframe(s) immediately after subframe , and the set of BL/CE UL subframes are configured by higher layers.
--------------------------------------------3GPP TS 36.213 --------------------------------------------
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