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1 Introduction

One of the objectives of Rel-15 WI Further NB-IoT Enhancements is to support TDD operation for NB-IoT. Following are the scope of this part of WI provided in [1].
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

In this paper, we analyse the impacts to uplink physical channels (NPRACH and NPUSCH) for NB-IoT TDD.
2 NPRACH for TDD

A single preamble transmission of NPRACH FDD consists of 4 transmissions of single-tone symbol groups with each symbol group transmission at fixed frequency offset from the earlier transmission. Each symbol group consists of 1 cyclic prefix with two values possible for the cyclic prefix and 5 symbols. A single transmission of NPRACH preamble requires 6.4 ms of continuous uplink transmission time.

The UL/DL configurations of TDD systems only provides maximum of 3 ms continuous uplink window for configuration which have maximum uplink resources. Other possible uplink transmission windows are 2 ms and 1ms.

The NPRACH Preamble defined for FDD does not fit into the available uplink opportunities of TDD configuration. So the NRPACH design needs to be modified for TDD operations.

UL/DL configuration for TDD Frame structure is given in below table.

	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


Following are the different options for NPRACH-TDD

· NPRACH Preamble uses 15KHz as subcarrier spacing with the number of CP symbols defined as per required cell radius.

· NPRACH Preamble with 3.75KHz as subcarrier spacing with the number of symbol group transmissions reduced to fit the transmission duration to available uplink subframes of UL/DL configuration.

· NPRACH Preamble uses subcarrier spacing other than above 2 options where the size of symbol group can be maintained same as that of NPRACH FDD.

When 15 KHz subcarrier spacing is used for NB-IoT TDD, the symbol group needs to have more symbols reserved for CP so that the cell range supported is similar to NB-IoT FDD. The NPRACH format corresponding to the largest cell range should have 4 CP symbols per symbol group.

Different possible uplink windows for existing UL/DL configurations with the proposed NPRACH Preamble configuration are given in the below table. The uplink window size referred to in this table indicates the continuous uplink transmission time possible from different UL/DL configurations. For instance uplink window size 1 msec corresponds to configurations 2 and 5.
	Configuration
	Uplink Window Size
	Number of CP symbols in Symbol group (CP=0.266 ms)
	Number of Symbols per Symbol group (excluding CP)
	Number of FH transmission within uplink window
	NPRACH Duration (msec)
	GP Required
	NPRACH Slot Duration

	1
	3
	4
	10
	3
	2.8
	0.266
	3.066

	2
	2
	4
	10
	2
	1.866
	0.266
	2.132

	3A
	1
	4
	10
	1
	0.93
	0.266
	1.199

	3B
	1
	4
	3
	2
	0.93
	0.266
	1.199


For the above NPRACH configurations corresponds to different UL/DL configurations having the indicated uplink window size, the NPRACH slot duration including the GP exceeds the uplink window size by some additional duration. For these configurations NPRACH transmission can also utilize the additional symbols from UpPTS for NPRACH transmission. Additional duration required corresponds to 2 or 3 OFDM symbols.
The link level performance of NPRACH Preamble with sub carrier spacing of 15 KHz is expected to be lower than the link level performance of NPRACH Preamble with subcarrier spacing of 3.75 KHz. In this case more number of repetitions of NPRACH will be required to achieve the required MCL gain. Increase in number of repetitions will result in increase in RACH transmission time thus increased latency. 
Observation 1 : NPRACH Preamble with 15 KHz subcarriers spacing can be considered for NB-IoT TDD for configurations with 2 and 3 msec uplink window sizes. 
For NPRACH Design with 15KHz subcarrier spacing, more than one CP symbols are defined. This design will lead to multiple peaks at receiver for detecting the right preamble and also for right estimation of timing advance. This issue can be mitigated if the NPRACH symbols (excluding CP) is scrambled using specific sequences. With scrambling, not only the timing estimation accuracy is improved but also inter cell interference performance is also expected to improve.

Proposal 1: For NPRACH Preamble with 15 KHz subcarrier spacing, additional scrambling should be used to improve the timing estimation and also the inter cell interference performance.

For UL/DL configuration corresponds to 1 ms uplink window size, if frequency hopping transmission is needed within preamble, it will lead to option having higher CP overhead. If single frequency transmission can be used the CP overhead is reduced.
Proposal 2: Alternative Design options needs to be investigated for 1 msec uplink window configurations if frequency hopping within single transmission is required which will have lesser CP overhead.
If 3.75 KHz subcarrier spacing used the NPRACH Preamble needs to modified to have lesser number of frequency hopping transmissions and also lesser number of symbols per symbol group compared to NB-IOT FDD design.

3 NPUSCH for TDD

NPUSCH channel uses both 15 KHz and 3.75KHz subcarrier spacing options for FDD. For 15 KHz subcarrier spacing option multi-tone transmission up to 12 subcarriers is possible.

The possible RE size for different NPUSCH Format 1 options are listed in below table.
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For NB-IoT TDD, the NPUSCH Format 1 for 15 KHz configuration can be reused as such. Because the RU configuration will fit into possible uplink transmission durations across all the UL/DL configurations.

NPUSCH Format 2 which is used for transmission of ACK/NACK requires 4 slots which requires 2 msec of uplink window for 15 KHz transmission. NPUSCH transmission using 3.75 KHz tone frequency will require 4 slots with each slot duration of 2 msec.

Proposal 3 : NPUSCH Format 1 and 2 with 15kHz subcarrier spacing can be reused for NB-IoT TDD operation also. The uplink slots assigned will not be continuous for TDD configuration and the continuous slots available depends on the UL/DL configuration.
NPUSCH Format for 3.75 Khz subcarrier spacing the uplink frame structure defined for NB-IoT FDD consists of uplink slots of 2 msec duration. If the same uplink slot configuration needs to be continued for NB-IoT TDD, the UL/DL configurations should provide atleast 2 uplink subframes.

Proposal 4 : It is proposed to consider UL/DL configuration with 2 consecutive UL subframes as basis to support 3.75 KHZ PUSCH operation in NB-IoT TDD.
If NB-IoT TDD operations are also required for UL/DL configurations having 1 uplink subframe, a new RU needs to be defined which will have fewer uplink OFDM symbols per RU. For 1 msec configuration, the number of OFDM symbols possible without exceeding the uplink transmission time is 3.

In the same way for UL/DL configurations with 3 UL subframes, a new RU defintion will be required to effectively utilise the available uplink resources for user data transmission.
Proposal 5 : New RU definitions needs to be investigated for mapping the NPUSCH Format with 3.75 Khz subcarrier spacing for 1 msec and 3 msec uplink window configurations of NB-IoT TDD.
4 Conclusions

In this document, we discuss uplink physical channel changes required for NB-IOT TDD operation and make following observations and proposals.

For NPRACH Physical channel related aspects for NB-IoT TDD

Observation 1 : NPRACH Preamble with 15 KHz subcarriers spacing can be considered for NB-IoT TDD for configurations with 2 and 3 msec uplink window sizes. For uplink limited configuration having only one uplink subframe, if the NPRACH format reuses the existing design it will lead to NPRACH preamble with higher CP overhead of 100%.
Proposal 1: For NPRACH Preamble with 15 KHz subcarrier spacing, additional scrambling should be used to improve the timing estimation and also the inter cell interference performance.
Proposal 2: Alternative Design options needs to be investigated for 1 msec uplink window configurations if frequency hopping within single transmission is required which will have lesser CP overhead.
For NPRACH Physical channel related aspects for NB-IoT TDD

Proposal 3 : NPUSCH Format 1 and 2 with 15kHz subcarrier spacing can be reused for NB-IoT TDD operation also. The uplink slots assigned will not be continuous for TDD configuration and the continuous slots available depends on the UL/DL configuration.

Proposal 4 : It is proposed to consider UL/DL configuration with 2 consecutive UL subframes as basis to support 3.74 KHz PUSCH operation in NB-IoT TDD.
Proposal 5 : New RU definitions needs to be investigated for mapping the NPUSCH Format with 3.75 KHz subcarrier spacing for 1 msec and 3 msec uplink window configurations of NB-IoT TDD.
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