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1 Introduction

A new Work Item (WI) on further NB-IoT enhancements was approved as a working agreement in RAN # 75 [1], then in RAN #76 the WI became approved with slight changes (power consumption prioritization) [2]. According with the Work Item Description (WID) [1], one of the objectives refers to work on the support of the TDD operation into NB-IoT, which should commence from RAN #76. 

B. Work on the following objective to commence from RAN#76

Support for TDD [RAN1, RAN2, RAN4]
Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios.

This contribution analyses the TDD support into NB-IoT for uplink (UL). The performed analysis provides a preliminary assessment on NPUSCH and PRACH mainly in terms of UL resource mapping in TDD, which in the end will impact the MCL, latency, and capacity of NB-IoT in TDD operation. The document that analyses the downlink (DL) can be found in [3]

2 Background

In a paper dealing with common aspects for the TDD support into NB-IoT [4], it is mentioned that is important to be aware that in a time division duplex operation there will be significant limitations associated with resource mapping due that in TDD the DL and UL transmissions were made to coexist within the same radio frame. Table 1 shows the existing LTE TDD configurations as described by the LTE standard [5].
Table 1: Uplink-downlink configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


D: Downlink; U: Uplink; S: Special Subframe
As can be seen from Table 1, the TDD configurations determine whether the DL or UL becomes more restrictive. The limited amount of resources in the time domain becomes more relevant, if we take into consideration that the design of the NB-IoT physical channels make a significant use of the allocated resources in the time dimension. 

In terms of uplink, the NPUSCH transmissions may last over several subframes (up 32ms with a single tone of 3.75KHz), while the preamble repetition unit of NPRACH goes beyond 5ms (either 5.6ms or 6.4ms depending on the CP). The nature of the NB-IoT transmissions seem to indicate that some TDD configurations result to be too limiting or restrictive for the support of TDD into NB-IoT. As it was pointed out in [4], this is the case of the TDD configurations #0 and #5 since in those configurations there are only two usable subframe for DL and one for UL per radio frame for performing DL and UL transmissions respectively.
3 TDD support into NB-IoT for uplink
This section provides a preliminary assessment on the NPUSCH and PRACH in TDD, aiming at supporting them by using the existing LTE TDD configurations with the least possible impacts.

3.1 Uplink physical channels in TDD operation

This subsection provides an initial insight on some technical considerations for the support of NPUSCH and NPRACH in TDD. 

3.1.1 NPUSCH support into NB-IoT

The NPUSCH is used to carry uplink user data and control information from higher layers (format 1). In addition, it can carry HARQ acknowledgement for NPDSCH (format 2).
Overall NPUSCH Technicalities:

· The maximum TBS is 1000bits

· The subcarrier spacing can be 15KHz or 3.75KHz.

· Multi-tone (12, 6, and 3 subcarriers) and Single-tone transmissions are supported.

· QPSK is used for Multi-tone transmissions, while single tone uses π/2-BPSK or π/4-QPSK for reducing the peak-to-average power ratio.

· The smallest unit to map a transport block is the resource unit (RU), which depends on the user’s bandwidth allocation and NPUSCH format.

· Number of repetitions for NPUSCH are 1, 2, 4, 8, 16, 32, 64, 128, 256.
Preliminary considerations for supporting NPUSCH in TDD operation:

3.1.1.1 Resource Mapping

· Multi-tone transmissions:

· A subcarrier allocation consisting of 12 and/or 6 subcarriers can in principle be mapped to the LTE TDD configurations in a straight way, since depending on the TDD configuration there is a number of uplink subframes that can be used for carrying NB-IoT transmissions lasting for 1ms, 2ms, or a combination of both in adjacent subframes. More specifically and excluding the TDD configurations #0 and #5 for the reasons stated in section 2, the compatibility of the LTE TDD configurations with Multi-tone transmissions consisting of 12 and 6 subcarriers can be as below:

· TDD configuration #1, #3, #4, and #6: Straight subframe mapping for 12 and 6 subcarrier allocations.

· TDD configuration #2: Straight subframe mapping for 12 subcarrier allocation.

Table 2 shows examples of the resource mapping for NPUSCH per TDD configuration by considering Multi-tone transmissions consisting of 12 and 6 subcarriers with a subcarrier spacing equal to 15KHz.

Table 2: Examples of resource mapping for NPUSCH in TDD using Multi-tone transmissions consisting of 12 and 6 subcarriers allocation.
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	12 subcarrier allocation (180KHz) lasting for 1ms

	
	12 subcarrier allocation (180KHz) lasting for 1ms

	
	 6 subcarrier allocation (90KHz) lasting for 2ms


As can be observed from Table 2, using subcarrier allocations consisting of 12 and 6 subframes opens the possibility (i.e., by using a proper scheduling) of avoiding gaps appearing in the middle of a RU.

Observation 1: A subcarrier allocation consisting of 12 and/or 6 subcarriers can in principle be mapped to the LTE TDD configurations in a straight way without having gaps appearing in the middle of a RU, since Multi-tone NB-IoT transmissions lasting for 1ms, 2ms, or a combination of both can be mapped on the available subframes (either on isolated or adjacent subframes). Moreover, not having gaps appearing in the middle of a RU could be seen as beneficial for the Power Amplifier performance.
· On the other hand, for a subcarrier allocation consisting of 3 subcarriers the transmission in the time domain lasts for 4ms, and in principle there is no LTE TDD configuration with enough UL adjacent subframes for hosting such a transmission in UL. In this case, the resource unit mapping would have to be performed over non-contiguous UL subframes by skipping the special and DL subframes appearing in between. 

Table 3 shows examples of the resource mapping for NPUSCH per TDD configuration by considering Multi-tone transmissions consisting of 3 subcarriers with a subcarrier spacing equal to 15KHz.

Table 3: Examples of resource mapping for NPUSCH in TDD using Multi-tone transmissions consisting of a 3 subcarriers allocation.
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	3 subcarrier allocation (45KHz) lasting for 4ms


On top of that, it is also worth mentioning that depending on which subframe number has been used to schedule the NB-IoT device, the Multi-tone transmissions may expand over more than one radio frame, while the number and lengths of the gaps appearing in the middle of a RU can also vary.

Table 4 shows the case where the NB-IoT device has been scheduled to start its Multi-tone transmission (3 subcarriers over 4ms) in the subcarrier #4 of the frame #0 by using the TDD configuration #6, which results in a transmission that expands over two radio frames including two gaps lasting for 2 and 3 milliseconds respectively.

Table 4: Example of resource mapping for NPUSCH in TDD using a Multi-tone transmission (3 subcarriers over 4ms) starting at subframe # 4.
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Table 5 shows the case where the NB-IoT device has been scheduled to start its Multi-tone transmission (3 subcarriers over 4ms) in the subcarrier #7 of the frame #0 by using the TDD configuration #6, which results in a transmission that expands over two radio frames including only one gap equal to 3ms.

Table 5: Example of resource mapping for NPUSCH in TDD using a Multi-tone transmission (3 subcarriers over 4ms) starting at subframe # 7.
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Observation 2: For a subcarrier allocation consisting of 3 subcarriers the transmission lasts for 4ms, and in principle there is no LTE TDD configuration with enough UL adjacent subframes for hosting such a transmission. In this case, the resource unit mapping would have to be performed over non-contiguous UL subframes by skipping the special and DL subframes appearing in between. Moreover, it is worth noting that the number and lengths of the gaps appearing in the middle of a RU can vary depending on which subframe has been used to schedule the NB-IoT device, which may impact the Power Amplifier performance.
· Single-tone transmissions:

· The single-tone transmissions in all cases last longer than the maximum number of contiguous UL subcarriers available in the LTE TDD configurations. Hence, the single-tone transmissions would have to be also performed over non-contiguous UL subframes by skipping special and DL subframes. 

Moreover, depending on the format and subcarrier spacing used for the single tone allocation, certain combinations (e.g., Format 1 or 2 with 3.75KHz as subcarrier spacing) seem to be more challenging to be supported in a TDD operation due to the limited availability of UL resources in the time domain. As depicted in Figure 1, a single-tone allocation using a subcarrier spacing equal to 3.75KHz has a slot duration lasting for 2ms. 
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Figure 1: Slot duration associated with a subcarrier spacing equal to 3.75KHz.

As can be inferred from Figure 1, for a single-tone allocation having a subcarrier spacing of 3.75KHz, the resource mapping is required to be performed (i.e., in a mandatory way) over pairs of UL adjacent subframes. Otherwise, the third symbol among the seven OFDM symbols composing the slot would be truncated. Therefore, for avoiding undesired truncations, the gaps appearing in the middle of a RU shall only occur among pairs of UL adjacent subframes. This restriction makes e.g., unfeasible the usage of the TDD configuration #2 along with single-tone allocations using 3.75KHz as subcarrier spacing.

Observation 3: The single-tone transmissions in all cases last longer than the maximum number of contiguous UL subcarriers available in the LTE TDD configurations. Hence, the single-tone transmissions would have to be also performed over non-contiguous UL subframes. In this case, the number and lengths of the gaps appearing in the middle of a RU can also vary depending on which subframe has been used to schedule the NB-IoT device, which may impact the Power Amplifier performance.
Observation 4: For single tone allocation in NPUSCH, certain combinations seem to be more challenging to be supported in a TDD operation. That is the case of using a subcarrier spacing equal to 3.75KHz which has a slot duration lasting for 2ms. In this case, the resource mapping is required to be performed over pairs of UL adjacent subframes. Otherwise, the third symbol among the seven OFDM symbols composing the slot would be truncated. This restriction makes e.g., unfeasible the usage of the TDD configuration #2 along with single-tone allocations using 3.75KHz as subcarrier spacing.
3.1.1.2 Preliminary assessment on MCL, Capacity, and Latency

Below we provide preliminary considerations on MCL, capacity and latency aspects.

· MCL: The NPUSCH transmissions can make use of 1, 2, 4, 8, 16, 32, 64, 128, or 256 repetitions. In FDD mode, the repetitions are transmitted one after each other over adjacent subframes since the carrier over which the repetitions are performed is purely dedicated to UL. On the other hand, in TDD mode the UL and DL transmissions were made to co-exist over the same carrier, which causes that during a given period of time a lesser number of transmissions can be performed in TDD as compared to FDD. Based on some MCL results obtained from [6], a linear spaced interpolation was applied in order obtain intermediate MCL estimates from knowing that transmitting a TBS equal to 72bits results in MCLs equal to 142dB and 152dB by using 4 and 64 repetitions respectively.

Table 6: MCL estimates for FDD and TDD configurations for repetitions performed over 64ms (TBS = 72bits, TU, 1Hz Doppler) [6].

	Configuration
	Number of repetitions over 64ms
	Estimated MCL

	FDD
	64
	~154dB
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	TDD Configuration #1
	~25 → 16 is the closer # of repetitions allowed by the standard.
	~144.4dB
	

	TDD Configuration #2
	~12 → 8 is the closer # of repetitions allowed by the standard.
	~142.8dB
	

	TDD Configuration #3
	~19 → 16 is the closer # of repetitions allowed by the standard.
	~144.4dB
	

	TDD Configuration #4
	~12 → 8 is the closer # of repetitions allowed by the standard.
	~142.8dB
	

	TDD Configuration #6
	32 
	~147.6dB
	


The intention of the analysis shown in Table 6 is to be aware that in case of the TDD configurations, the number of repetitions that is possible to fit-in within a given period of time can be reduced at least by half (e.g., TDD configuration #6) and up to 8 times (e.g., TDD configuration #4), which impacts the MCLs that can be achieved. The ultimate MCL estimates, as well as other impacts like on the Cross-SF channel estimation filter derived from discontinuous UL transmissions would need to be assessed via simulations. 

· Capacity: Apart from the NPUSCH transmission setup (e.g., Multi-tone or Single-tone transmission setup), the achievable throughputs in TDD mode will be more tied to specific timing aspects (e.g., search period length) and configuration parameters such as Rmax. Rmax refers to the number of subframes that the device needs to monitor within a search period, skipping the subframes used for transmitting NPBCH, NPSS, NSSS, and system information. The challenge in a TDD mode is that the resources are scarce, reason why Rmax may have to skip too many subframes before the NB-IoT device be able to read the “DCI Format N0” carrying the uplink scheduling information for the NPUSCH transmission, which accounting for the scheduling delay (e.g., 8ms), the duration of the gap after the transmission (minimum 3ms), and the time until the next NPDCCH search space candidate, all together will certainly impact the achievable throughput in TDD. On the other hand, and aiming at alleviating the severe resource limitations of the TDD configurations, an anchor carrier carrying NPSS/NSSS/NPBCH has been proposed to be used for NB-IoT in TDD mode, which would benefit the achievable throughputs. So, at this point in time, and because the throughput estimates can largely vary due to the reasons stated above, it is necessary to wait until the TSG RAN WG1 had decided on whether all the DL resources in a given TDD configuration will become usable for NPDCCH/NPDSCH (i.e., if the anchor carrier concept is adopted for TDD into NB-IoT), or if the DL resources in a given TDD configuration will have to be shared with NPDCCH/NPDSCH and NPSS/NSSS/NPBCH.

· Latency: The latency estimates for TDD will obviously vary per configuration, and will also be dependent on the aspects mentioned above for estimating the achievable throughputs. It is therefore necessary to wait for the TSG RAN WG1 to determine whether the usage of an anchor carrier will be adopted or not, as well as the common assumptions (e.g., TBS) for estimating the latency of a NB-IoT transmission in each of the TDD configurations.

The preliminary analysis on MCL, throughput, and latency reflect the considerations that in terms of relaxations/compromises would have to be accepted for supporting NB-IoT in TDD without causing severe impacts to the specifications and NB-IoT devices.

3.1.2 NPRACH support into NB-IoT

The physical layer random access preambles are used by NB-IoT UEs camping on a given cell to indicate the base station the intention to get access to it.
Overall NPRACH Technicalities:

· A preamble consists of four symbol groups transmitted next to each other using a different subcarrier per symbol group.
· Each symbol group has a Cyclic Prefix followed by 5 symbols, the CP has different duration depending on the preamble format.

· Deterministic hopping tone pattern, as well as pseudo-random hopping are used.

· The NPRACH tone spacing is 3.75 KHz. 

· NPRACH preamble repetition unit is 5.6ms or 6.4ms depending on the CP.

· Number of repetitions 1, 2, 4, 8, 16, 32, 64, 128.
Preliminary considerations for supporting NPRACH in TDD operation:
In principle, there is no TDD configuration that in terms of contiguous UL subframes can host the NPRACH preamble repetition unit as it was designed for NB-IoT (i.e., the preamble repetition unit of NPRACH goes beyond 5ms).
The transmission of a single NPRACH of Rel.13 FDD NB-IoT in time domain, takes 5.6 ms (with 66.7 us CP) or 6.4 ms (with 266.7 us CP). The LTE legacy TDD configurations only count with uplink adjacent resources for having uninterrupted uplink transmissions lasting for 1 to 3 ms. Reason why, if the Rel.13 NPRACH design is directly used for TDD, a single NPRACH transmission needs to be divided into several discontinuous uplink transmissions. This might result in loss of coherent NPRACH across symbol groups or force the UE to maintain coherence over these discontinuities. Also hardware introduces random phase which might be a problem for maintaining the phase coherency. In addition, requirements may have to be relaxed on the amount of delay needed to decode the PRACH. In case of in-band/guard-band deployment, NB-IoT TDD configurations should follow the same configurations of LTE and in this case there is no escape from this problem.

Proposal 1: Send a LS to RAN4 asking if maintaining coherence over discontinuous NPRACH transmission is possible. 

Completely new NPRACH design requires a lot of effort in 3GPP. If maintaining coherence over discontinuous NPRACH transmission is not possible, it is preferred to adopt a similar single tone NPRACH design that better fits the TDD frame structure. For example, a NPRACH design based on 15kHz or 7.5kHz subcarrier spacing that has shorter symbol group length may be considered. In case of standalone, this is not a problem if a new TDD configuration which is not restricted by the legacy LTE configurations is used and the uplink transmission within a configuration is long enough to incorporate continuous transmission of a single NPRACH.

Proposal 2: RAN1 to consider a single tone NPRACH design based on 15kHz or 7.5kHz subcarrier spacing for having a shorter symbol group length that can fit better into the TDD configurations.

Note that according with the WID, supporting cell radius of at least 100 km should be considered. Since the targeted cell radius may impact the NPRACH design (e.g. subcarrier spacing), RAN1 should discuss the targeted cell radius for TDD NB-IoT before determining the detailed design.

Proposal 3: RAN1 to consider the targeted cell radius in the NPRACH design for TDD NB-IoT
4 Conclusions 

This contribution provided an analysis on some preliminary considerations for the support of  NPUSCH and NPRACH in TDD. From the analysis performed the following points can be highlighted:
· A new Work Item (WI) on further NB-IoT enhancements was approved as a working agreement in RAN # 75 [1], then in RAN #76 the WI became approved with slight changes [2].
· One of the WID’s objectives refers to work on the support of the TDD operation into NB-IoT, which should commence from RAN #76 [1].
· In a TDD operation there will be significant limitations associated with resource mapping due that the DL and UL transmissions were made to coexist within the same radio frame.
· Table 1 (see section 2) shows the available LTE TDD configurations as described by the standard [5].
· In terms of resource utilization it is important to be aware that the design of the physical channels as introduced by NB-IoT make a significant use of the allocated resources in the time domain.

· Given the nature of the NB-IoT transmissions, it seems that some TDD configurations result to be too limiting or restrictive for the support of TDD into NB-IoT as it is the case of the TDD configurations #0 and #5.

· In section 3.1, an initial insight on some technical considerations for the support of NPUSCH and NPRACH in TDD is provided.

· For NPUSCH, the Multi-tone and Single-tone transmissions were analysed separately:

· Multi-tone transmissions:

· Subcarrier allocation consisting of 12 and/or 6 subcarriers can in principle be mapped to the LTE TDD configurations in a straight way (See section 3.1.1 for more details).
· Subcarrier allocation consisting of 3 subcarriers would have to be performed over non-contiguous UL subframes by skipping the special and DL subframes appearing in between (See section 3.1.1 for more details).
· Single-tone transmissions: 

· The single-tone transmissions in all cases lasts longer than the maximum number of contiguous UL subcarriers available in the LTE TDD configurations. Hence, the single-tone transmissions would have to be also performed over non-contiguous UL subframes by skipping special and DL subframes. In addition, certain combinations (e.g., Format 1 with 3.75KHz as subcarrier spacing, leading to an UL Tx equal to 32ms) seem to be more challenging to be supported in TDD.
· On the preliminary considerations related with the side impacts on MCL, throughput and latency aspects, the following points can be highlighted:
· MCL: In TDD a lesser number of transmissions can be performed as compared to FDD during a given period of time. The available MCL results in [6], and linear interpolation where used to obtain MCL estimates for FDD and TDD configurations for repetitions performed over 64ms (TBS = 72bits, TU, 1Hz Doppler). Table 6 shows that for the TDD configurations, the number of repetitions that is possible to fit-in over 64ms can be reduced at least by half (e.g., TDD configuration #6) and up to 8 times (e.g., TDD configuration #4) depending on the TDD configuration, which impacts the achievable MCLs. The ultimate MCL estimates and other impacts like on the Cross-SF channel estimation filter derived from discontinuous UL transmissions would need to be assessed via simulations.
· Throughput: Apart from the NPUSCH transmission setup (e.g., Multi-tone or Single-tone transmission setup), the achievable throughputs in TDD mode will be more tied to specific timing aspects (e.g., search period length) and configuration parameters such as Rmax. The achievable throughput in TDD can largely vary depending on whether a given TDD configuration uses its available DL resources for carrying NPDCCH/NPDSCH and NPSS/NSSS/NPBCH or only for carrying NPDCCH/NPDSCH when an anchor carrier is used to carry NPSS/NSSS/NPBCH. Therefore, the capacity estimates will depend very much on the decision of the TSG RAN WG1 on whether to adopt the anchor carrier concept for NB-IoT in TDD or not.
· Latency: The latency estimates for TDD will obviously vary per configuration, and will also be dependent on the aspects mentioned above for estimating the achievable throughputs. It is therefore necessary to wait for the TSG RAN WG1 to determine whether the usage of an anchor carrier will be adopted or not, as well as the common assumptions (e.g., TBS) for estimating the latency of a NB-IoT transmission in each of the TDD configurations.
· The preliminary analysis on MCL, throughput, and latency reflect the considerations that in terms of relaxations/compromises would have to be accepted for supporting NB-IoT in TDD without causing severe impacts to the specifications and NB-IoT devices.
· For NPRACH, in principle there is no TDD configuration that in terms of contiguous subframes in UL can host the NPRACH preamble repetition as it was designed for NB-IoT (i.e., the preamble repetition unit of NPRACH goes beyond 5ms, it can be 5.6ms or 6.4ms depending on the CP). See section 3.2.1 for more details.
· If the Rel.13 NPRACH design is directly used for TDD, a single NPRACH transmission needs to be divided into several discontinuous uplink transmissions. 
· This might result in loss of coherent NPRACH across symbol groups or force the UE to maintain coherence over these discontinuities. 
· Also hardware introduces random phase which might be a problem for maintaining the phase coherency.
· In addition, requirements may have to be relaxed on the amount of delay needed to decode the PRACH.

· If maintaining coherence over discontinuous NPRACH transmission is not possible, it is preferred to adopt a similar single tone NPRACH design that better fits the TDD frame structure. For example, a NPRACH design based on 15kHz or 7.5kHz subcarrier spacing that has shorter symbol group length may be considered.

· Note that according with the WID, supporting cell radius of at least 100 km should be considered. Therefore, RAN1 should discuss the targeted cell radius for TDD NB-IoT before determining the detailed NPRACH design.
Observation 1: A subcarrier allocation consisting of 12 and/or 6 subcarriers can in principle be mapped to the LTE TDD configurations in a straight way without having gaps appearing in the middle of a RU, since Multi-tone NB-IoT transmissions lasting for 1ms, 2ms, or a combination of both can be mapped on the available subframes (either on isolated or adjacent subframes). Moreover, not having gaps appearing in the middle of a RU could be seen as beneficial for the Power Amplifier performance.

Observation 2: For a subcarrier allocation consisting of 3 subcarriers the transmission lasts for 4ms, and in principle there is no LTE TDD configuration with enough UL adjacent subframes for hosting such a transmission. In this case, the resource unit mapping would have to be performed over non-contiguous UL subframes by skipping the special and DL subframes appearing in between. Moreover, it is worth noting that the number and lengths of the gaps appearing in the middle of a RU can vary depending on which subframe has been used to schedule the NB-IoT device, which may impact the Power Amplifier performance.
Observation 3: The single-tone transmissions in all cases last longer than the maximum number of contiguous UL subcarriers available in the LTE TDD configurations. Hence, the single-tone transmissions would have to be also performed over non-contiguous UL subframes. In this case, the number and lengths of the gaps appearing in the middle of a RU can also vary depending on which subframe has been used to schedule the NB-IoT device, which may impact the Power Amplifier performance.
Observation 4: For single tone allocation in NPUSCH, certain combinations seem to be more challenging to be supported in a TDD operation. That is the case of using a subcarrier spacing equal to 3.75KHz which has a slot duration lasting for 2ms. In this case, the resource mapping is required to be performed over pairs of UL adjacent subframes. Otherwise, the third symbol among the seven OFDM symbols composing the slot would be truncated. This restriction makes e.g., unfeasible the usage of the TDD configuration #2 along with single-tone allocations using 3.75KHz as subcarrier spacing.

Proposal 1: Send a LS to RAN4 asking if maintaining coherence over discontinuous NPRACH transmission is possible. 

Proposal 2: RAN1 to consider a single tone NPRACH design based on 15kHz or 7.5kHz subcarrier spacing for having a shorter symbol group length that can fit better into the TDD configurations.
Proposal 3: RAN1 to consider the targeted cell radius in the NPRACH design for TDD NB-IoT
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