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In RAN1#90, the following agreements are reached regarding TDD uplink aspects:
Agreements:
· NPRACH for TDD supports single-tone with frequency hopping
· Multi-tone NPRACH formats can also be considered
· FFS details of frequency hopping
· One symbol group is defined by one CP, and N symbols. 
· FFS the value(s) of N
· FFS CP durations, symbol duration
· A preamble is defined by P symbol groups
· FFS: Guard time usage
· Repetition of NPRACH preamble is supported
· The cell radius target for TDD NPRACH is FFS

In RAN1 #90bis meeting, the following agreements were reached for TDD uplink aspects.
Agreements:
· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.
· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD
· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD
· This needs to take into consideration the co-existence of NPRACH and NPUSCH.

Agreements:
· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.
· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes
· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration
· G is FFS, and G≥2
· P (number of symbol groups in a preamble) is even.
· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.
· FFS the details of the hopping pattern
· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported
· For the hopping between discontinuous transmissions within one preamble
· FFS hopping distance and hopping pattern
· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions
· FFS details

In RAN1#91, the following agreements are reached for NPUSCH.

Agreement
For NPUSCH in NB-IoT TDD:
· For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FFS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).

In RAN1#92, the following agreements are reached for NPRACH.

Agreement
NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
NPRACH symbol duration is 266.67us.
Define the following NPRACH formats.

	Format
	Description
	G
	P
	N
	CP length 
	Nominal cell size

	0
	Two symbol groups followed by a guard time fit into 1 UL subframe
	2
	4
	1
	4778 Ts
(~155.5us)
	~23.3km

	1
	Two symbol groups followed by a guard time fit into 2 UL subframes
	2
	4
	2
	8192 Ts
(~266.7us)
	~40.0km

	2
	Two symbol groups followed by a guard time fit into 3 UL subframes
	2
	4
	4
	8192 Ts
(~266.7us)
	~40.0km

	0-a
	Three symbol groups followed by a guard time fit into 1 UL subframe
	3
	6
	1
	1536 Ts
(~49.95us)
	~7.5km

	1-a
	Three symbol groups followed by a guard time fit into 2 UL subframes
	3
	6
	2
	3072 Ts
(~99.9us)
	~15.0km


FFS how and which format to use for each TDD UL/DL configuration 
For the table above referring to NPRACH format for TDD NB-IoT, a guard time will be created naturally to fit into one (format 0,0-a), two(format 1, 1-a) or three (format 2) UL subframes .
FFS the supported number of repetitions for each format

[bookmark: _Ref129681832]In this contribution, the uplink for TDD NB-IoT will be discussed further. 
NPRACH
Frequency hopping pattern
Format 0, 1 and 2
In TDD NPRACH format 0, 1 and 2, G = 2 and P = 4. For G = 2, there are two back-to-back symbol groups. There is only one hopping distance within G symbol groups, i.e. 3.75 kHz or 22.5 kHz. It was agreed that for the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported. As for FDD, there should be two kinds of frequency hopping pattern to ensure the same TA estimation accuracy. So the preferred frequency hopping pattern is that 3.75 kHz between 1st symbol group and 2nd symbol group as well as 22.5kHz between 3rd symbol group and 4th symbol group.  An example is shown in Figure 1.
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[bookmark: _Ref509503306][bookmark: OLE_LINK10]Figure 1 An example of frequency hopping pattern (Format 1)
Proposal 1: For TDD NPRACH formats 0, 1 and 2, the frequency hopping pattern within G symbol groups is:
· 1st to 2nd symbol group hopping distance: 3.75 kHz.
· 3rd to 4th symbol group hopping distance: 22.5k Hz.
For frequency hopping between G symbol groups and frequency hopping between NPRACH preamble repetitions, cell-specific pseudo-random hopping can be used to reduce inter-cell interference if the configured NPRACH resources for different cells are overlapped. The cell specific pseudo-random hopping mechanism can reuse FDD. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK8]Proposal 2: For TDD NPRACH formats 0, 1 and 2, cell-specific pseudo-random hopping is used between different G symbol groups and between preamble repetitions. The cell specific pseudo-random hopping mechanism reuses FDD.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1815][bookmark: OLE_LINK1816]For format 0-a and 1-a
In format 0-a and 1-a, G = 3 and P = 6. For G = 3, there are three back-to-back symbol groups. There are two hopping distances within G symbol groups. The subcarrier spacing for NPRACH is 3.75 kHz. 
For frequency hopping within G symbol groups, there are two alternative frequency hopping patterns summarized in [2]. 
· Alt 1: Tone index of the first symbol group in the first preamble repetition unit is chosenrandomly within the configured 12 tones. The hopping pattern for subsequent preamble repetition units is as follows.
[bookmark: OLE_LINK7]Table 1 Frequency hopping pattern of Alt 1 in the 1st preamble repetition unit
	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, -3.75kHz, 0, +22.5kHz, -22.5kHz }

	1, 3, 5
	{-3.75kHz, +3.75kHz, 0, +22.5kHz, -22.5kHz }

	6, 8, 10
	{+3.75kHz, -3.75kHz, 0, -22.5kHz, +22.5kHz }

	7, 9, 11
	{-3.75kHz, +3.75kHz, 0, -22.5kHz, +22.5kHz }


· Alt 2: Tone index of the first symbol group in the 1st preamble repetition unit is chosen to be randomly within the configured 12 tones. The hopping pattern for subsequent preamble repetition units is as follows.
Table 2 Frequency hopping pattern of Alt 2 in the 1st preamble repetition unit
	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, +22.5kHz, 0, -3.75kHz, -22.5kHz }

	1, 3, 5
	{-3.75kHz, +22.5kHz, 0, +3.75kHz, -22.5kHz }

	6, 8, 10
	{+3.75kHz, -22.5kHz, 0, -3.75kHz, +22.5kHz }

	7, 9, 11
	{-3.75kHz, -22.5kHz, 0, +3.75kHz, +22.5kHz }



An example of Alt 1 and Alt 2 is shown below.
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[bookmark: OLE_LINK11]Figure 2 An example of frequency hopping pattern in Alt1 (Format 1-a)
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Figure 3 An example of frequency hopping pattern in Alt 2 (Format 1-a)
Based on the same simulation assumptions in Appendix, evaluation of Alt 1 and Alt 2 is shown in Figure 4. 
[image: C:\Users\l00279160\AppData\Roaming\eSpace_Desktop\UserData\l00279160\imagefiles\F89DC3C1-1F95-4E24-853C-8D10E35E0CD4.png]
[bookmark: _Ref509516179]Figure 4 TA estimation performance comparison between Alt1 and Alt2
From the simulation results shown in Figure 4, we can see that the TA estimation performance of Alt 1 and Alt 2 are almost the same. 
However, for Alt1, the inverse frequency hopping is kept within G symbol groups, which is beneficial to cancel the phase errors caused by non-ideal factors, such as residual frequency error and frequency drift. For frequency hopping between G symbol groups, Alt 1 has no limitation. Cell-specific pseudo-random hopping can be used to reduce inter-cell interference if the configured NPRACH resources for different cells are overlapped. But for Alt 2, the inverse frequency hopping is kept between G symbol groups. So in order to keep the inverse frequency hopping, e.g. between 1st to 2nd symbol group and 4th to 5th symbol group, there should be some limitation on how the hopping is performed between G symbol groups. For example, the starting subcarrier of the 4th symbol group cannot be an odd number. If the starting subcarrier of the 4th symbol group is odd, then the frequency hopping direction of 4th to 5th symbol group is upward, which wouldbe the same as the frequency hopping direction of 1st to 2nd symbol group. The frequency hopping between G symbol groups cannot be randomized like Alt 1. So considering inter-cell interference randomization, Alt 1 outperforms Alt 2.
For frequency hopping between NPRACH preamble repetitions, cell-specific pseudo-random hopping can be used to further reduce inter-cell interference if the configured NPRACH resources for different cells are overlapped. The cell specific pseudo-random hopping mechanism can reuse FDD. 
Proposal 3: For TDD NPRACH formats 0-a and 1-a, the frequency hopping pattern within G symbol groups of Alt 1 is used, i.e.
· 1st to 2nd symbol group and 2nd to 3rd symbol group hopping distance: 3.75 kHz.
· 4th to 5th symbol group and 5th to 6th symbol group hopping distance: 22.5k Hz.
Proposal 4: For TDD NPRACH formats 0-a and 1-a, cell-specific pseudo-random hopping is used between different G symbol groups and between different preamble repetitions. The cell specific pseudo-random hopping mechanism reuses FDD.
Configuration
In format 0 and format 0-a, G symbol groups followed by a guard time fit into one uplink subframe. In format 1 and format 1-a, G symbol groups followed by a guard time fit into two uplink subframes. In format 2, G symbol groups followed by a guard time fit into three uplink subframes. It is agreed that TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15. For all other UL:DL configurations, i.e. UL:DL configuration #1~#6 , format 0 and format 0-a can be supported.  For UL:DL configurations with at least two continuous uplink subframes, i.e. UL:DL configuration #1, #3 , #4 and #6, formats 1 and 1-a can be supported. For UL:DL configuration with three continuous uplink subframes, i.e. UL:DL configuration  #3 and #6, format 2 can be supported.
Proposal 5: The possible TDD NPRACH formats for each supported UL:DL configuration are:
· Format 0 and format 0-a can be configured in UL:DL configurations #1~#6
· Format 1 and format 1-a can be configured in UL:DL configurations #1, #3 , #4 and #6
· Format 2 can be configured in UL:DL configuration #3 and #6
In FDD, NPRACH format is configured by CP length. All coverage levels use the same NPRACH format. In TDD, the CP length of format 0 and format 1 is the same. To avoid ambiguity, it is necessary to configure which overall format is used, i.e. {0, 1, 2, 0-a, 1-a}, and for efficient signaling to  use the same NPRACH format in all coverage levels like FDD.
Proposal 6: In TDD, the same NPRACH format is used for all coverage levels in a cell.
In FDD, the following NPRACH resource configuration parameters are provided by higher layers:

-	NPRACH resource periodicity  (nprach-Periodicity),

-	frequency location of the first subcarrier allocated to NPRACH  (nprach-SubcarrierOffset),

-	number of subcarriers allocated to NPRACH  (nprach-NumSubcarriers), 

-	number of starting sub-carriers allocated to UE initiated random access  (nprach-NumCBRA-StartSubcarriers),

-	number of NPRACH repetitions per attempt  (numRepetitionsPerPreambleAttempt),

-	NPRACH starting time  (nprach-StartTime),

-	Fraction for calculating starting subcarrier index for the range of NPRACH subcarriers reserved for indication of UE support for multi-tone msg3 transmission  (nprach-SubcarrierMSG3-RangeStart).
[bookmark: OLE_LINK71]In TDD, the same NPRACH resource configuration parameters are needed. The value ranges of frequency domain parameters can be reused from FDD. The value ranges of time domain parameters need to change.
Proposal 7: For TDD NPRACH, the same resource configuration parameters as FDD are needed, and the value ranges of nprach-SubcarrierOffset, nprach-NumSubcarriers, nprach-NumCBRA-StartSubcarriers, and nprach-SubcarrierMSG3-RangeStart can be reused. FFS the value ranges of nprach-Periodicity, numRepetitionsPerPreambleAttempt, nprach-StartTime.
In Rel-14 NB-IoT, SIB22-NB configures the valid downlink subframes on each non-anchor carrier for RACH or paging. In the updated WID [1], non-anchor carrier operation for paging and random access is also supported in TDD NB-IoT. So valid DL/UL/special subframes should also be signalled in SIB22-NB for non-anchor carriers for paging and RACH.
Proposal 8: TDD NPRACH resources can be configured on multiple non-anchor carriers by SIB.
Proposal 9: Valid DL/UL/special subframes are signaled in SIB22-NB per non-anchor carrier for paging and RACH.

NPUSCH
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK98][bookmark: OLE_LINK99]In FDD, for NPUSCH with 3.75 kHz subcarrier spacing, the transmission time interval is one NB-slot of 2 ms. In TDD UL:DL configuration #3, the continuous uplink duration is 3 ms which is enough for a 
NB-slot transmission. For UL:DL configuration #6, the 2 ms NB-slot can also fit in the 2 ms or 3 ms continuous uplink durations, thus both configurations should be supported. 
Proposal 10: Confirm support of 3.75 kHz NPUSCH for UL:DL configurations #3 and #6 with the same definition of NB-slot and resource unit as FDD.
For 3.75 kHz subcarrier spacing, the NB-slot is 2 ms. In UL:DL configuration #3 and #6, there are three contiguous uplink subframes. It should be specified which two of the three uplink subframes are used by NPUSCH with 3.75 kHz subcarrier spacing. Cell specific signaling is needed to broadcast the information so that two scheduled UEs will not collide. 
Proposal 11: For UL:DL configurations #3 and #6, cell-specific signaling indicates which two of the three uplink subframes are used by NPUSCH with 3.75 kHz subcarrier spacing.
In FDD, for NPUSCH with 15 kHz subcarrier spacing, the slot is 0.5 ms and the resource unit is 1 ms, 
2 ms, 4 ms or 8 ms depending on the number of subcarriers. In the RAN1#91 agreements, the single tone RU length 2 ms for NPUSCH format 2 is missing, and it needs to be added with the same RU structure as FDD.
Proposal 12: For 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 reuses FDD NB-IoT, i.e. single tone with RU length 2 ms. 
With support for 3.75 kHz and 15 kHz subcarrier spacings included, there is no need to introduce any other subcarrier spacing in TDD NB-IoT in order to keep the system implementation simple and standardization work efficient. 
Proposal 13: 3.75 kHz and 15 kHz are the only supported UL subcarrier spacings in TDD NB-IoT.
In FDD NB-IoT, SRS subframe configuration srs-SubframeConfig and npusch-AllSymbols can be indicated to the NB-IoT UEs to avoid interference from NPUSCH to LTE SRS if the eNB wishes to. In TDD NB-IoT, it is also useful to give the ability to avoid collisions between NPUSCH and LTE TDD SRS transmitted in normal uplink subframes, so srs-SubframeConfig and npusch-AllSymbols should be configurable by eNB for TDD UEs. 
Proposal 14: npusch-AllSymbols and LTE srs-SubframeConfig can be optionally configured to TDD NB-IoT UEs.
In RAN1#91, for FDD the enhanced random access power control was agreed to alleviate blocking interference issue at the eNB receiver. In TDD, the same enhanced power control mechanism can be used. Otherwise, the same blocking interference issue will happen. 
Proposal 15: In TDD, define the same enhanced random access power control mechanism as FDD.
Conclusions
In this contribution, designs of NPRACH and NPUSCH were discussed for TDD NB-IoT, and the following proposals are made:
Proposal 1: For TDD NPRACH formats 0, 1 and 2, the frequency hopping pattern within G symbol groups is:
· 1st to 2nd symbol group hopping distance: 3.75 kHz.
· 3rd to 4th symbol group hopping distance: 22.5k Hz.
Proposal 2: For TDD NPRACH formats 0, 1 and 2, cell-specific pseudo-random hopping is used between different G symbol groups and between preamble repetitions. The cell specific pseudo-random hopping mechanism reuses FDD.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 3: For TDD NPRACH formats 0-a and 1-a, the frequency hopping pattern within G symbol groups of Alt 1 is used, i.e.
· 1st to 2nd symbol group and 2nd to 3rd symbol group hopping distance: 3.75 kHz.
· 4th to 5th symbol group and 5th to 6th symbol group hopping distance: 22.5k Hz.
Proposal 4: For TDD NPRACH formats 0-a and 1-a, cell-specific pseudo-random hopping is used between different G symbol groups and between different preamble repetitions. The cell specific pseudo-random hopping mechanism reuses FDD.
Proposal 5: The possible TDD NPRACH formats for each supported UL:DL configuration are:
· Format 0 and format 0-a can be configured in UL:DL configurations #1~#6
· Format 1 and format 1-a can be configured in UL:DL configurations #1, #3 , #4 and #6
· Format 2 can be configured in UL:DL configuration #3 and #6
Proposal 6: In TDD, the same NPRACH format is used for all coverage levels in a cell.
Proposal 7: For TDD NPRACH, the same resource configuration parameters as FDD are needed, and the value ranges of nprach-SubcarrierOffset, nprach-NumSubcarriers, nprach-NumCBRA-StartSubcarriers, and nprach-SubcarrierMSG3-RangeStart can be reused. FFS the value ranges of nprach-Periodicity, numRepetitionsPerPreambleAttempt, nprach-StartTime.
Proposal 8: TDD NPRACH resources can be configured on multiple non-anchor carriers by SIB.
Proposal 9: Valid DL/UL/special subframes are signaled in SIB22-NB per non-anchor carrier for paging and RACH.
Proposal 10: Confirm support of 3.75 kHz NPUSCH for UL:DL configurations #3 and #6 with the same definition of NB-slot and resource unit as FDD.
Proposal 11: For UL:DL configurations #3 and #6, cell-specific signaling indicates which two of the three uplink subframes are used by NPUSCH with 3.75 kHz subcarrier spacing.
Proposal 12: For 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 reuses FDD NB-IoT, i.e. single tone with RU length 2 ms. 
Proposal 13: 3.75 kHz and 15 kHz are the only supported UL subcarrier spacings in TDD NB-IoT.
Proposal 14: npusch-AllSymbols and LTE srs-SubframeConfig can be optionally configured to TDD NB-IoT UEs.
Proposal 15: In TDD, define the same enhanced random access power control mechanism as FDD.
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Appendix
	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx, 2Rx

	Frequency error
	Normal(0, 100) Hz 

	Frequency drift 
	±22.5 Hz/s

	Distance between UE and eNB
	Randomly selected from a uniform distribution [0 MaxRTD], where MaxRTD is calculated according to the supported cell radius

	UE transmit power
	23 dBm 

	Uplink-downlink configuration 
	4

	Noise figure
	5 dB

	Repetition of NPRACH for UE’s each transmission
	2 
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