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1 Background
In RAN#105, a new work item on Introduction of IoT-NTN TDD mode was approved [1] with the following objective:
The study and work objectives assume the following:
· LEO @600 km and @1200 km orbit respectively, with set-1 satellite parameters as reference scenarios (See 3GPP TR 36.763) 
· Target the 1616-1626.5 MHz MSS allocated band
· Standalone deployment with anchor and non-anchor carriers (i.e. operating in carrier(s) used only for NB-IoT) 
· Operate with Earth fixed Tracking area, with either Earth fixed cells or Earth moving cells for NGSO
· The new NB-IoT NTN TDD mode allows configuring the usage of radio resources in the targeted MSS allocated band with a periodic subset of the UL and DL subframes in N radio frames. The periodic pattern should consist of non-overlapping set of usable contiguous UL subframes and set of usable contiguous DL subframes, and guard periods, which is periodic every N radio frames, with N=9 as baseline. No blind detection is assumed at the UE side. The value of N and the configuration of the periodic pattern are fixed per band.
This work item includes the following objectives:
· Study the impact due to the periodic pattern, at least on UE downlink synchronization and other aspects (if identified) [RAN1, RAN4]
· Checkpoint in RAN#106 for the completion of the study phase. RAN1 start from Oct’24. RAN4 start from Nov’24
· Specify a new NB-IoT TDD NTN mode based on minimum necessary changes to the NB-IoT NTN FDD frame structure and procedures, based on the outcome of the study, including:
· Definition, configuration (if needed) and signaling (if needed) of the periodic pattern including confirming the value of N, and associated UE procedures [RAN1, RAN2]
· Other necessary impacts on higher layers [RAN2]
· RRM and RF core requirements [RAN4]


1.1 Plan for this meeting
From FL perspective, RAN1 should progress on the following issues:
1) Agree on the details of the TDD frame structure to be studied. Ideally, a single TDD frame structure should be taken as baseline. This includes deciding on the following aspects:
a. Constraints introduced by the legacy system in the 1616-1626.5 MHz MSS band.
b. Periodicity of the frame structure (N)
c. Number of consecutive DL subframes (D)
d. Number of consecutive UL subframes (U). This may be lower priority since there is no mandate in the WID to consider uplink during the study phase. 
2) Agree on the evaluations to be performed during the study phase. This includes deciding on the following:
a. Which channels / signals / requirements to evaluate.
b. Operating SNR / link budget / simulation assumptions.
3) If time allows topics marked as [LOW PRIORITY] in the FLS can be discussed.
2 TDD frame structure
2.1 Overall framework & compatibility with legacy system in the 1.6GHz MSS TDD band
In the justification part of the work item document [1] there is the following statement:
This Work Item Description proposes the introduction of a new feature that allows the operator to use the radio resources in a periodic subset of the UL and DL subframes in N radio frames to achieve TDD operation in the SAN (Satellite Access Node) and IoT NTN UE, thus limiting power consumption. This feature allows extending 3GPP NB-IoT NTN operation with support for additional NGSO satellite system.
It is feature lead’s understanding that the main objective of this Work Item is to make necessary modifications to the NB-IoT NTN specifications to enable operation in the existing satellites deployed in the 1.6GHz MSS TDD band in a manner that is compatible with the existing system deployed in those satellites. This is the main reason behind the baseline of N=9 in [1].
Some references for this existing system, and provided in contributions in this meeting (e.g. [TH, QC]), are:
· Public document describing the system deployed in the 1616-1626.5 MHz band [2], with a TDD frame structure as shown below:
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Figure 2.1-1: Iridium TDMA structure (from [2])

· Previous contribution to RAN4 describing design constraints [3], consistent with [2], with the following statement:

· Iridium believes that our system can comply with its design constraints if the DL system frame is limited to no longer than 8msec.   […] However, Iridium’s constellation is TDD and we use the same frequencies for UL and DL.  By using the appropriate timing offsets between the UL and DL selective availability, we can align the UL and DL with the Iridium TDD constraints while using the FDD procedures
As we will explore further in sections 2.2 and 2.3, based on the input from companies, there seems to be a fundamental misalignment at this stage on whether coexisting with the system in [2] is a must, and what are the consequences of this coexistence. Feature lead puts forward the following proposal to discuss the necessity of aligning with the TDD frame structure of the system deployed in the 1616-1626.5 MHz band.
Proposal 2.1-1: The study and specification work for NB-IoT NTN TDD focuses on necessary modifications to NB-IoT NTN to enable coexistence with the TDD frame structure of the legacy system deployed in the 1616-1626.5 MHz band, with the following constraints:
· At the satellite, downlink NB-IoT transmissions shall be confined within downlink slot(s) in the TDD frame structure of the legacy system.
· At the satellite, uplink NB-IoT transmissions shall be confined within uplink slot(s) in the TDD frame structure of the legacy system.
· FFS: Whether and how transmissions can span multiple uplink slots, downlink slots and/or guard periods in the TDD frame structure of the legacy system.
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2.2 Periodicity of the TDD frame structure (N)
The work item objective states the following:
The periodic pattern should consist of non-overlapping set of usable contiguous UL subframes and set of usable contiguous DL subframes, and guard periods, which is periodic every N radio frames, with N=9 as baseline.
The input for this topic is highly dependent on the issue discussed in Section 2.1. Several contributions have provided input on the value of N (in radio frames), with some contributions (e.g. [vivo, LGE]) mentioning both options:
· N = power of 2:
· Multiple of 8: [CATT]
· N=8 or N=16: [Eri]
· N=4 or N=8: [OPPO]
· NOTE: [OPPO] seems to use N-1 instead of N in their contribution, but Fig.1 shows a periodicity of 40 and 80ms for “N”=3 and 7.
· Power of 2 [LGE]
· N=8 [NK, vivo]
· N=9: [HW], [TH], [ZTE] (assumed), [Xiaomi] (assumed), [Iri], [SS] (assumed), [QC], [Nor], [vivo], [LGE]
· N=10 [NK]
· Needs clarification: [CMCC]
Most inputs (including others than the above, e.g. [Apple]) mention the difficulty of aligning the NB-IoT timing (powers of 2 radio frames) to a periodicity of 90ms. For instance, it is mentioned in several contributions that N=9 would result in different subframes being in the pattern after an SFN wrap around, since 9 does not divide 1024. We discuss this issue in section 2.4
Feature lead proposes to select among one of the following two options:
Proposal 2.2-1: The study and specification work assumes a value of periodicity of TDD pattern (N, in radio frames) of:
· Option 1: N=2k
· Option 2: N=9.
· FFS: Whether and how to handle alignment between the TDD frame structure and the NB-IoT frame structure (e.g. SFN wrap-around).
	Company
	Comment

	
	




2.3 Number of downlink subframes in the TDD frame structure
The work item description in [1] includes the following:
The new NB-IoT NTN TDD mode allows configuring the usage of radio resources in the targeted MSS allocated band with a periodic subset of the UL and DL subframes in N radio frames. The periodic pattern should consist of non-overlapping set of usable contiguous UL subframes and set of usable contiguous DL subframes, and guard periods, which is periodic every N radio frames, with N=9 as baseline. No blind detection is assumed at the UE side. The value of N and the configuration of the periodic pattern are fixed per band.
For simplicity, we will denote by D the “number of contiguous DL subframes” as in [HW]. 
There is a clear dependency of this topic with respect to the issues described in the previous sections. Here are some inputs on this issue, depending on the assumption for N:
· Assuming N=9:
· [HW] proposes a set of TDD patterns to further discuss during the study phase, including D={10 30 40 45 50}
· [QC], [TH] propose to take D=8 as baseline due to constraints of the frame structure of legacy system deployed in the 1616-1626.5 MHz band, with other values FFS.
· [ZTE] proposes to allocate at least 2 consecutive radio frames D>=20
· [LGE], [SPDR] have examples with D=10
· [Iri] D=Single digit or double digit integer
· Assuming N=2k:
· [CATT]: Example of D=42
· [E///]: At least two consecutive radio frames (D>=20)
· Other considerations:
· [QC] states that D>=7 for the system to work without remapping, and D=8 to fit within an Iridium slot
· [vivo] proposed that D should be enough to transmit NPDCCH/NPDSCH with a certain number of repetitions.
Although the WID states that “The value of N and the configuration of the periodic pattern are fixed per band”, companies seem to have a different understanding of this statement given the following input (note that many companies seem to assume the pattern is fixed in their contributions without mentioning it explicitly):
· [ZTE], [HW], [ZTE] state that the pattern is fixed.
· [TH], [Iri], [CATT], [SRAN] state that the pattern is configurable. [TH] states that for initial search the UE can assume a default value.
In case the pattern is configurable, RAN1 would need to study the UE assumption for initial search before that configuration is received (e.g. in SIB).
Proposal 2.3-1: The number of consecutive downlink subframes in the TDD frame structure (D) is:
· Option 1: fixed in specifications for a given band.
· Option 2: configurable.
· FFS: Assumption of the UE for initial search before acquiring the configuration.
Proposal 2.3-2: D is one (if fixed) or more (if configurable) of the following for the 1.6GHz MSS TDD band: {8 10 30 20 40 42 45 50 [others TBD]}
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2.4 [LOW PRIORITY] Signaling aspects related to downlink

For the case of N=9, several companies highlighted the issues on signaling the TDD pattern offset vs the NB-IoT frame structure:
· [Iri] proposed to indicate the offset taking as reference the start of the SIB1 window.
· [QC] proposed to derive the TDD pattern implicitly based on the detection of sync signals
· [LGE] proposed introduce “orphan subframes” to align the NB-IoT frame structure and TDD frame structure after an SFN wrap-around.
An illustration of this issue is shown below, from [LGE] (the 70ms offset comes from 1020 mod 90 = 70):
[image: ]
Given this is the first meeting for this work item and not all companies presented their views on the issue, the option “Other options are not precluded” is added in case a better method is found.
Proposal 2.4-1 (assuming N=9): RAN1 to consider the following options for solving the issue of aligning the 90ms TDD structure with the 10240ms NB-IoT SFN structure:
· Option 1: SI indicates the offset with respect to a reference point, which will change across multiple SI instances.
· Option 2: The UE derives the offset based on the observation of sync signals.
· Option 3: “Orphan subframes” (e.g. 70ms) are introduced after an SFN (or HSFN) wrap-around to align both structures
· Other options are not precluded.
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2.5 [LOW PRIORITY] Number of uplink subframes in the TDD frame structure
Similar to the downlink case, the work item description in [1] includes the following:
The new NB-IoT NTN TDD mode allows configuring the usage of radio resources in the targeted MSS allocated band with a periodic subset of the UL and DL subframes in N radio frames. The periodic pattern should consist of non-overlapping set of usable contiguous UL subframes and set of usable contiguous DL subframes, and guard periods, which is periodic every N radio frames, with N=9 as baseline. No blind detection is assumed at the UE side. The value of N and the configuration of the periodic pattern are fixed per band.
For simplicity, we will denote by U the “number of contiguous U subframes” as in [HW]. 
As in the downlink case there are different views among companies on the number of subframes for the uplink. Note that since the WID does not explicitly state that RAN1 analyze the impact on uplink during the study phase, the number of companies that provided input on this issue is smaller than for downlink:
· N=9:
· [HW]: U={10, 30, 15, 20,10}
· [TH] Minimum value of U=8
· [vivo] U should be enough to transmit an NPRACH with a certain number of repetitions
· [Iri] U is single or double digit integer
· [QC] U=8 as baseline
· N=2k:
· [vivo] U should be enough to transmit an NPRACH with a certain number of repetitions
· [Eri] U >=20
Unlike the downlink case, and as explained in [TH], the UE will acquire at least basic information before attempting uplink transmission and, therefore, the need for a predefined set of uplink subframes may be reduced. Similarly to the downlink case, the WID states “[...] and the configuration of the periodic pattern are fixed per band”. Regarding the configuration of the value of U and the relative location of the U vs D, the following input was received.
· N=9:
· [TH] Configurable, at least U=8
· [Iri] Configurable, U is single- or double-digit integer.
· [QC] The location of the uplink subframes may be controlled by an offset or by common TA.
Proposal 2.5-1: The number of consecutive uplink subframes in the TDD frame structure (U) is:
· Option 1: fixed in specifications for a given band.
· Option 2: configurable.
Proposal 2.5-2: The location of consecutive uplink subframes in the TDD frame structure with respect to the downlink subframes in the TDD frame structure is:
· Option 1: fixed in specifications for a given band.
· Option 2: configurable.
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3 Impact on downlink synchronization
3.1 High level framework
When conducting the study on the impact of the TDD pattern on downlink synchronization, one of the key issues is whether the mapping and periodicity of the signals / channels used for initial acquisition is the same as for NB-IoT NTN FDD. Given that the WID states that the specification work is “based on minimum necessary changes to the NB-IoT NTN FDD frame structure”, most companies assumed that the baseline is to keep the same mapping and periodicity as in NB-IoT NTN FDD. The following input has been received regarding changes in mapping / periodicity:
· [TH] proposes to map the NSSS to subframe 7 instead of subframe 9.
· [SPDR] proposes to consider enhancements to NPBCH to reduce the acquisition of MIB-NB.
· [OPPO] proposes to have the NSSS available every active downlink radio frame and NPBCH to be repeated within 320ms.
· [LGE] proposes to have NSSS mapped to some even radio frames and to modify MIB-NB periodicity.
· [Apple] proposes to reconsider the periodicity of NPSS/NSSS/NPBCH/SIB1-NB
· [SS] proposes to extend NPSS/NSSS/NPBCH transmission periodicities.
In view of the above, FL makes the following proposal for further discussion
Proposal 3.1-1: RAN1 strives to reuse the NB-IoT FDD subframe / SFN mapping and periodicities for NPSS/NSSS/NPBCH/SIB1-NB
· If RAN1 studies conclude that the above is not feasible, new mappings and periodicities will be considered.
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3.2 Performance evaluations
From the contributions submitted to this meeting, and in line with the following WID statement:
Study the impact due to the periodic pattern, at least on UE downlink synchronization and other aspects (if identified)
There seems to be consensus that the performance of NPSS/NSSS should be verified, in line with the WID statement above. Several other companies also mention studying the performance of NPBCH and SIB1-NB, although some of the inputs are not explicit on whether this study should be performed during the study phase or work item phase:
· NPBCH: [Eri], [LGE], [QC], [OPPO], [LGE], [TH], [Iri] 
· SIB1-NB: [Eri], [LGE] [QC], [OPPO], [LGE] 
On which working group should conduct this study, there are multiple contributions with different views, with a clear majority leaning towards RAN1 evaluating these channels (although it is understood that RAN4 may need to adjust their tests during the RAN4 study phase):
· [HW], [TH], [ZTE], [Xiaomi], [NK] propose RAN1 should conduct the evaluations.
· [QC], [NK] propose RAN4 should conduct the evaluations.

Proposal 3.2-1: RAN1 evaluates the impact of the TDD frame structure on at least the following:
· NPSS/NSSS detection
· NPBCH decoding
· FFS: SIB1-NB decoding
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It seems to be common understanding across companies that the performance of the channels / signals above will be impaired by the introduction of the TDD pattern. The Rel-19 study should assess the performance versus the expected operating SNR of the system. The WID states that both LEO 600 and 1200 are to be considered, which can be used to derive the downlink SNR:
LEO @600 km and @1200 km orbit respectively, with set-1 satellite parameters as reference scenarios (See 3GPP TR 36.763)
On this issue, two distinct sets of inputs have been received on how to calculate the downlink link budget:
· [Iri] and [TH] provide very similar parameters, with a resulting DL SNR of 4.91dB and 5.51dB for LEO 600 and 1200, respectively. Both inputs also mention LEO-800
· [vivo], [ZTE], [Xiaomi] refer to TR 36.763 Table 6.2.2.1.1, which includes a DL SNR of 3.0dB and 3.6dB for LEO 600 and 1200, respectively.
The major difference between TR 36.763 and the input from [Iri] and [TH] is the target frequency band, which is 1.6GHz in [Iri] and [TH] instead of 2GHz. The difference between these two frequencies (assuming the rest of the parameters in TR 36.763 remain the same) is , which is the same as the difference between both sets of results up to the 1st decimal point. There is some 2nd order difference in e.g. the decimal digits in the target elevation angle, but these are minor.
Given that the WID states that the target frequency of this work item is 1616-1626.5MHz, FL proposes to agree to the target SNR brought forward by [TH] and [Iri]. In order to verify the performance of the NB-IoT TDD frame structure, companies should report the margin with respect to the operating SNR:
Proposal 3.2-2: The target operating DL SNR of NB-IoT NTN TDD is obtained following the parameters in TR 36.763 and modifying the carrier frequency to 1.6GHz:
· For LEO-600, the operating SNR is 4.91dB
· For LEO-1200, the operating SNR is 5.51dB
· When reporting link level simulation results, companies are encouraged to report the SNR margin with respect to the above operating DL SNRs.
· FFS: Whether LEO-800 is studied
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On the assumptions for LLS, the inputs from different companies (e.g. [ZTE], [HW], [TH]) are roughly aligned except on a couple of points:
· On the channel model, [TH] proposes to use AWGN, while [HW] and [ZTE] propose to use NTN TDL-C
· On the frequency error, [ZTE] proposes to use 24ppm for frequency error, but it is Feature Lead’s understanding that this value does not include the XO error (while [HW] and [TH] include this value). Therefore, the frequency error should be 34ppm accounting for a 10ppm XO error.
· On the timing drift, [HW] and [TH] propose to use the same value as frequency error, while [ZTE] proposes a larger value (which is probably due to feeder link / common TA drift). Given the system under study in this work item is regenerative, Feature Lead has the opinion that the feeder link drift can be neglected.
Proposal 3.2-3: For link level simulations of NPSS / NSSS / NPBCH / [SIB1-NB], RAN1 uses the following assumptions:
	Parameter
	Value

	Carrier frequency
	1.6GHz

	Elevation angle
	30 degrees

	Channel model
	AWGN or NTN TDL-C

	Frequency error / timing drift (including XO error)
	34 ppm for NPSS / NSSS
0.1ppm for NPBCH

	Variation of frequency error / timing drift
	[0.24ppm for NPSS / NSSS]
0 for NPBCH

	UE velocity
	3km/h

	Target performance
	For NPSS/NSSS:
· 99% detection probability with 0.1% false alarm rate
For NPBCH:
· 1% error rate
For SIB1-NB (if evaluated):
· 1% error rate

	Other assumptions (e.g. combining length)
	To be reported and justified by companies
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4 [LOW PRIORITY] Other impacts
On top of the impacts mentioned in the previous sections, some other issues that were brought up, mainly on the topic of aligning current NB-IoT channels with the TDD pattern:
· How to handle system information messages: [SPDR]
· How to handle NPRACH occasions and RAR: [Nor], [HW],[vivo],[LGE],[E///]
· How to handle paging: [HW], [vivo]
· How to handle NPDCCH monitoring occasion: [Nor]
· Half duplex retuning gaps: [E///]
Proposal 4-1: RAN1 to consider impact of the TDD pattern on the following:
· System information messages
· NPRACH occasions and RAR
· Paging 
· NPDCCH monitoring occasion
· Half duplex retuning gaps
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Summary of contributions (proposals only)
	R1-2407689
	Huawei, HiSilicon [HW]
	Proposal 1: The TDD pattern for NB IoT NTN should be defined by a number of contiguous DL subframes, followed by a number of contiguous subframes for guard period and followed by a number of contiguous UL subframes, i.e., by the triplet of (D, G, U). The sum of D, G and U should be 90 subframes.
Proposal 2: The timing reference point of TDD frame structure should be defined at the TDD duplexer, i.e., at satellite, no matter for regenerative payload or transparent payload. 
Proposal 3: The following TDD pattern (D, G, U) can be further investigated in the study phase
· Pattern 1: (10, 70, 10)
· Pattern 2: (30, 30, 30)
· Pattern 3: (45, 30, 15)
· Pattern 4: (40, 30, 20)
· Pattern 5: (50, 30, 10)
Observation 2: If the existing NPSS and NSSS pattern is reused and eNB skips the NPSS/NSSS on the subframes corresponding to GP and UL, the number of NPSS/NSSS in consecutive radio frames is reduced. 
Proposal 4: RAN1 evaluate the DL synchronization performance of NPSS/NSSS based on the simulation assumptions in Table 1.
Proposal 5: The impacts on the following DL/UL transmissions should be further analysed when the new TDD pattern are introduced. 
· NPRACH 
· Paging
· MIB-NB transmission
· SIB1-NB transmission


	R1-2407725
	Spreadtrum Communications [SPDR]
	Proposal 1: For IOT NTN TDD mode, enhancements on reducing the delay of MIB-NB reception should be considered.
Proposal 2: For IOT NTN TDD mode, enhancements on reducing the delay of SIB1-NB reception should be considered.
Proposal 3: For other system information acquisition, the SI periodicity, SI window length and SI repetition pattern need to be modified to adapt the IOT NTN TDD mode pattern.


	R1-2407772
	THALES [TH]
	Proposal 1 
The TDD-DL-UL-Pattern provides at least the following parameters for TDD operation:
· DL-UL-TransmissionPeriodicity which indicates the periodicity of the DL-UL pattern,
· nrOfDownlinkSubframes which indicates the number of consecutive DL subframes at the beginning of each DL-UL pattern,
· nrOfUplinkSubframes which indicates the number of consecutive UL subframes,
· DownlinkToUplinkGuardPeriod which indicates the downlink to uplink guard period for TDD operation.

Proposal 2 
In NB-IoT NTN TDD mode, for cell search procedure a UE may assume a predefined value for DL-UL-TransmissionPeriodicity and nrOfDownlinkSubframes.  

Proposal 3
The value of DL-UL-TransmissionPeriodicity used for NB-IoT NTN TDD operation is fixed per band.

Proposal 4
The value of DL-UL-TransmissionPeriodicity is equal to 9 radio frames for the 1616-1626.5 MHz MSS allocated band.

Proposal 5
A minimum value of nrOfDownlinkSubframes and nrOfUplinkSubframes equal to 8 subframes is supported.

Proposal 6 
The first subframe of the DL-UL pattern period may not coincide with the start of a radio frame.

Proposal 7 
The first subframes of DL-UL periodic pattern should be known to the UE.

Proposal 8 
The following parameters of TDD-DL-UL-Pattern are defined per cell and broadcast in system information
· nrOfDownlinkSubframes 
· nrOfUplinkSubframes 
· DownlinkToUplinkGuardPeriod
· FFS: Their maximum values and bit allocations

Proposal 9
Introduce an offset to indicate the subframes offset from the start position of a radio frame to the first subframes of DL-UL TDD pattern. 

Proposal 10
RAN1 to discuss how the subframes offset from the start position of a radio frame to the first subframe of DL-UL TDD pattern is indicated to the UE. One or more of the following options may be considered:
· Option 1: Introducing an offset to be part TDD-DL-UL-Pattern configuration which is explicitly indicated
· Option 2: Leverage existing invalid subframe filed
· Option 3: Implicit indication

Proposal 11
RAN1 to discuss the possibility to support a slightly modified frame structure with:
· a duration of 8ms
· NPSSS is moved to 7th subframe of every second frame.    

Proposal 12
RAN1 to study the impact due to the periodic pattern, only on UE downlink synchronization.

Proposal 13
The impact due to the periodic pattern, on UE downlink synchronization in IoT-NTN TDD is evaluated for LEO-600km, LEO1200km and LEO800km orbits. 

Proposal 14
Set-1 satellite parameters as in table 6.2-4 of TR 36.763 are reused for the study on UE downlink synchronization in IoT-NTN TDD. 

Proposal 15
The following satellite parameters defined for LEO800km are used for the study on UE downlink synchronization in IoT-NTN TDD
<table omitted>


Proposal 16
For the performance evaluation of UE downlink synchronization in IoT-NTN TDD, the following NB-IoT channel and signals can be evaluated:
· NPSSS
· NSSS
· NPBCH

Proposal 17
For the performance evaluation of UE downlink synchronization in IoT-NTN TDD, the following assumptions are considered:
<table omitted>
Note: time drift (48 ppm) caused by Doppler frequency offset should be considered for cell search in the LLS assumption for NPSS detection.

Proposal 18
For the performance evaluation of UE downlink synchronization in IoT-NTN TDD, AWGN channel model is assumed for IoT-NTN link level simulations.

Proposal 19
For link budget calculation, parameters in the following table are assumed:
<table omitted>


Proposal 20
For link budget calculation, the target elevation angle assumed for each deployment scenario is as follow:
<table omitted>

Proposal 21
Adopt the value of 9 radio frames for DL-UL-TransmissionPeriodicity. 




	R1-2407882
	Vivo [Vivo]
	Proposal 1: Changes on the subframes for NPBCH/NPSS/NSSS/SIB1-NB/Paging transmission should be avoided, e.g., the set of DL resources of the periodic pattern within one or multiple periods should include at least one set of subframes used for NPBCH/NPSS/NSSS/SIB1-NB/Paging transmissions.
Proposal 2: The number of DL subframes in a DL resource set should be large enough to convey at least a NPDCCH or a NPDSCH with a certain number of repetitions.
Proposal 3: When subcarrier spacing of 3.75kHz is applied to NPRACH, the minimum required continuous UL resource for NPRACH in a UL resource set is 6 subframes.
Proposal 4: The number of continuous UL subframes in a UL resource set should be large enough to convey at least a NPRACH with a certain number of repetitions.


	R1-2407924
	CMCC [CMCC]
	Proposal 1:
For the DL synchronization evaluation, both 600km and 1200km LEO system can be considered with the set 1 parameters from TR36.763.

Proposal 2:
It is proposed to discuss whether the TDD configuration in the TDD mode can be reused for the new TDD mode. 

Proposal 3:
The periodic subset of DL and UL subframes contain the procedure DL synchronization, initial access and the related transmissions.

Proposal 4:
The motivation or the assumption of the N radio frame and baseline value of 9 needs more clarification.


	R1-2407937
	ZTE Corporation, Sanechips [ZTE]
	Proposal 1: A fixed periodic pattern can be considered for IoT-NTN TDD mode without additional configuration signaling.
Proposal 2: The required SNR for NPSS detection can be satisfied and no need of DL synchronization enhancement.
Proposal 3: At least 2 consecutive radio frames are preferred to be allocated for DL in the periodic pattern, which avoids NPSS combination detection across different periodic patterns.
Proposal 4: The UL synchronization is not impacted by sparser NPSS when NPSS periodicity is shorter than 256ms.

	R1-2407960
	Xiaomi [Xiaomi]
	Proposal 1: For the TDD frame structure design, consider the guard period to cover the RTT time. 

Proposal 2: Conduct the LLS simulation for the NPSS and NSSS detection with 90ms periodicity @1% miss detection rate with 0.1% false alarm rate.

Proposal 3: For the simulation of NPSS and NSSS detection, at least take the frequency offset and timing drift into consideration. 

Proposal 4: Determine the number of combinations for the evaluation of NPSS and NSSS detection.

	R1-2408037
	CATT [CATT]
	Proposal 1: For NB-IoT NTN mode, the Guard period in the TDD frame pattern should cover the maximum RTT between UE and eNB for the deployed LEO scenario with transparent payload or regenerative payload, and the guard period is configured with once in a TDD pattern.  
Proposal 2: For NB-IoT NTN mode, TDD frame pattern should be cell specific and the pattern configuration is indicated in system information. 
Proposal 3: Within one TDD period, multiple NPBCHs can be transmitted with 10ms periodicity for sake of MIB transmission.
Proposal 4: In each TDD pattern period, the NPRACH resource should be configured to allow UE to access the network. 
Proposal 5: The Guard period can be configured with subframe granularity to reduce the overhead.
Proposal 6: The N value of the length of TDD frame period can be configured as 8 or 16 depending on application scenarios to match common channel transmission.


	R1-2408078
	SageRAN [SRAN]
	Proposal 1: TDD frame structure, including TDD period and duration for DL/UL transmission, is defined based on the Uu propagation delay range of NTN beam(s) .

Proposal 2: The duration of TDD period is defined as continuous q subframes with ; The duration of DL/UL transmission are defined as continuous p subframes with .

Proposal 3: At gNB side, the assignment in a TDD period is DL, UL and GP in sequence, among which the duration of GP is .

Proposal 4: For transparent NTN payload, the RP (reference point) shall be at the site of gNB if proposed TDD frame structure is applied, i.e. the k-Mac shall be 0 and the common TA shall be expressed for the delay of the entire feeder link.

Observation 3: With the timing advance setting aligned to RTD at UE side, the duration of UL transmission and DL reception would not overlap in the proposed TDD frame structure. 

Observation 4: The proposed TDD frame structure is much more efficient than the legacy TDD frame structure because of the shorter length of GP.

Proposal 5: To be compliant with the duplex switching overhead, a number of OFDM symbols at the end of DL/UL subframe set shall be reserved for DL-UL switching. The number of reserved symbols is FFS.

Proposal 6: The proposed TDD frame structure configuration, including the TDD period, the DL/UL duration and the number of reserved symbols, can be broadcast via system information.

Proposal 7: The alignment between SFN and TDD period is FFS.


	R1-2408139
	OPPO [OPPO]
	Proposal 1: Design a periodic pattern such that the NSSS can be detected at every available radio frame. 
Proposal 2: For non-consecutive available radio frame with periodic pattern, consider NPBCH repetition within wider time range, e.g. 320 ms.  
Proposal 3: Consider to expand SIB1-NB transmission period as well as one SIB1-NB transmission duration. 


	R1-2408273
	Iridium Satellite LLC [IriWP]
	<Work plan>

	R1-2408302
	LG Electronics [LGE]
	Proposal 1: For IoT-NTN TDD mode, following enhancements can be considered for DL synchronization: 
· NSSS is mapped on all or a subset of odd frames on top of even frames. 
· TDD pattern includes a large number of contiguous DL subframes at the expense of the increased value for N.
Proposal 2: For IoT-NTN TDD mode, one or more of followings can be considered to define DL subframes and their locations for the TDD pattern: 
· Set the value of N, TDD pattern periodicity, to be a form of powers of 2. 
· DL subframe locations can be different across different TDD pattern periods based on:
· MIB signaling periodicity.
· SIB1-NB transmission occasions.
· Modifying MIB periodicity, SIB1-NB mapping.
· Introduce separate TDD pattern for orphan subframes or frames within 10240 msec or 1024*10240msec.
Proposal 3: For IoT-NTN TDD mode, one or more of followings can be considered to define UL subframes and their locations for the TDD pattern: 
· Set the value of N, TDD pattern periodicity, to be a form of powers of 2. 
· UL subframe locations can be different across different TDD pattern periods based on:
· NPRACH transmission occasions.
· Modifying NPRACH periodicity and start time.
Proposal 4: For IoT-NTN TDD mode, one or more of followings can be considered for initial access procedure: 
· RAR window starts in DL subframe provided by the TDD pattern subject to the existing required time.
· Subframe offset to indicate RAR-to-Msg3 TX timing is prolonged to ensure that Msg3 is mapped on UL subframe provided by the TDD pattern.
· UE (re)starts the contention resolution timer at the DL subframe provided by the TDD pattern subject to the existing required time.


	R1-2408347
	Nokia, Nokia Shanghai Bell [NK]
	Proposal 1: RAN1 should study how to allocate the period of active contiguous subframe for UL to cover all the UE with different differential delay.
Proposal 2: RAN1 to study N=8 and N=10 as alternatives to the N=9 baseline for UL/DL subframe availability.
Proposal 3: RAN1 to discuss whether HARQ feedback is needed between two active radio frames separated according to the periodicity N.
Proposal 4: RAN1 should study how to have accurate DL synchronization and cell search in this IoT NTN TDD mode.
Proposal 5: RAN1 to send LS to RAN4 to study both DL synchronization and cell search issue in this IoT NTN TDD mode.
Proposal 6: RAN1 to discuss the impact on the achievable link budget if the number of repetitions is restricted due to the use of every Nth radio frame. 
Proposal 7: RAN1 to evaluate the cell capacity when accounting for at least NPSS, NSSS, NRS, MIB and relevant System Information Blocks (at least SIB1-5 and SIB31).
Proposal 8: RAN1 should evaluate the UL capacity for NPRACH and NPUSCH considering the active radio frame per N radio frame.


	R1-2408400
	Iridium Satellite LLC [Iri]
	Proposal 1: In NB-IoT NTN TDD mode, with value N set to 9 indicating an active downlink time periodicity of 90ms, a UE can successfully complete downlink synchronization by detecting NPSS, NSSS and NPBCH with sufficient margin. Thus N=9 shall be defined for the L-band (1616 – 1626.5 MHz).
Proposal 2: In NB-IoT NTN TDD mode, SIB-1 shall broadcast active downlink duration and start offset time in subframes.
Proposal 3: In NB-IoT NTN TDD mode, SIB-1 shall broadcast active downlink start offset time from the start of 2560 ms SIB-1 periodicity window in which SIB-1 is received.
Proposal 4: In NB-IoT NTN TDD mode, SIB-1 or SIB-2 shall broadcast active uplink time duration and downlink to uplink time gap in subframes.


	R1-2408491
	Apple [Apple]
	Proposal 1: RAN1 to determine the transmission pattern for DL synchronization considering the NPSS/NSSS/NPBCH/SIB1-NB transmission periodicity.
Proposal 2: RAN1 to study the IoT-NTN TDD mode impacts on DL and UL scheduling.  
Proposal 3: RAN1 to study the IoT-NTN TDD mode impacts on random access.  


	R1-2408667
	Samsung [SS]
	Proposal 1: Support to extend NPSS/NSSS/NPBCH transmission periodicities in the consideration of the following additional aspects.
· How long DL subframes are available during N radio frames. 
· Which subframe index(ex) are used for NPSS/NSSS/NPBCH transmissions. 


	R1-2408736
	Ericsson [E///]
	Proposal 1	For the support of “TDD mode NB-IoT NTN” on the anchor carrier, the location within a radio frame of the following PHY-channels and signals remains as in FDD mode:
	NPBCH is transmitted in subframe # 0 in every unmuted radio frame.
	NPSS is transmitted in subframe # 5 in every unmuted radio frame.
	NSS is transmitted in subframe # 9 in every other unmuted radio frame.
	SIB1-NB is transmitted in subframe #4 in every other unmuted radio frame.
Proposal 2	For the support of “TDD mode NB-IoT NTN” on the anchor carrier in DL:
	At least 2 consecutive DL radio frames within a period composed by N radio frames are used to carry at least NPBCH, NPSS, NSSS, SIB1-NB, SIB2-NB, and SIB31-NB, leaving the rest of the subframes usable for NPDCCH and NPDSCH.
	Aiming at minimizing the spec impact, MIB-NB is used as design reference where N can be either equal to the transmission duration of one self-decodable CSB (i.e., 8 radio frames) or a multiple of such transmission duration.
Proposal 3	For the support of “TDD mode NB-IoT NTN” on the anchor carrier in UL:
	At least 2 consecutive UL radio frames within a period composed by N radio frames are used to carry NPRACH and NPUSCH.
	Aiming at minimizing the spec impact, N can be equal to the one selected for DL.
	The UL period pattern design consisting of “Y UL subframes out of N radio frames” can be symmetrical to the DL period pattern design consisting of “X DL subframes out of N radio frames,” where Y = X.


	R1-2408871
	Qualcomm Incorporated [QC]
	Proposal 1: RAN1 prioritizes the case of N=9 for the 1616-1626.5 MHz MSS band. This value is fixed in the specifications for the 1616-1626.5 MHz band.
Proposal 2: The downlink pattern shall ensure that all of PBCH/PSS/SSS/SIB1 are available (across multiple DL periods) and assuming no remapping of PBCH/PSS/SSS/SIB1. 
Proposal 3: , where  is the number of usable contiguous DL subframes in the pattern.
Proposal 4: The offset between the TDD pattern and the 3GPP frame structure is derived by the UE based on the observation of sync signals.
· As a baseline, RAN1 should design the system such that the UE can determine the offset between the TDD pattern and the 3GPP frame structure based on NPSS detection.
Proposal 5: RAN1 takes =8 as baseline for further study:
· The downlink subframes in the downlink burst include subframes {0, 4, 5, 9}. Downselect the set of subframes in a DL burst between the following alternatives:
· Option 1: 
· Option 2: 
· Option 3: 
· Option 4: 
· RAN1 to further study how to extend beyond  for higher peak DL peak throughput
· Values of  would result in similar specification impact as  as long as there is a single NPSS in each downlink burst.
· Values of  would result in multiple NPSS in a single downlink burst, which would require the UE to perform some degree of “blind decoding” or modify basic sync signals. 
Proposal 6: (Conclusion) From RAN1 perspective, downlink synchronization and acquisition are feasible under a TDD pattern as described above.
Proposal 7: The following mandatory requirements may be impacted by reduced downlink signals due to TDD operation. RAN4 to confirm feasibility and change requirements (e.g. time or SNR requirements) if applicable:
· Cell re-selection
· RRC re-establishment
· Radio link monitoring
Proposal 8: The following features with impact to RAN4 requirements are down prioritized during the study phase:
· WUS
· PUR
· DL channel quality reporting
Proposal 9: RAN1 takes  as the baseline for further study, where  is the number of usable contiguous DL subframes in the pattern.
· RAN1 should further consider specifying values larger than 8, which can be supported with limited specification effort.
Proposal 10: The UE determines the set of contiguous uplink slots based at least on detection of NPSS. For determining the offset, at least the following options are considered:
· Option 1: The set of UL “subframes” is the same as the set of DL subframes at the ULSRP, with the offset at the satellite controlled by common TA (no additional signaling required)
· Option 2: The set of UL “subframes” is the set of DL subframes minus an offset at the ULSRP
· Option 2.1: The offset is indicated in system information (additional signaling required)
· Option 2.2: The offset is fixed in specifications
Proposal 11: RAN1 should strive to minimize the specification changes required for UE procedures in the presence of a TDD pattern, focusing on the following modifications when feasible:
· Postponement / dropping of channels.
· Definition of new values for existing parameters.


	R1-2408874
	SageRAN [SRAN2]
	Proposal 1: The feasible of TDD frame structure for transparent payload is FFS.

Proposal 2: The design of TDD frame structure for regenerative payload should be discussed.

Proposal 3: For regenerative NTN payload, TDD frame structure including TDD period and duration for DL/UL transmission, shall be defined based on the Uu propagation delay range of NTN beam(s) .

Proposal 4: For regenerative NTN payload, the duration of TDD period is defined as continuous q subframes with ; The duration of DL/UL transmission are defined as continuous p subframes with .

Proposal 5: For regenerative NTN payload, the assignment in a TDD period is DL, UL and GP in sequence, among which the duration of GP is .

Proposal 6: For regenerative NTN payload, to be compliant with the duplex switching overhead, a number of OFDM symbols at the end of DL/UL subframe set shall be reserved for DL-UL switching. The number of reserved symbols is FFS.


	R1-2408919
	Nordic Semiconductor ASA [Nor]
	Proposal-1: RAN1 to discuss whether UE can assume that locations (for blind detection) for NSSS are located in the frame X where NPSS was found and frame X+9.
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