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In RAN1#90 meeting, 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 this contribution, the uplink for TDD NB-IoT will be discussed further. 
[bookmark: _Ref129681832]In FDD, NPRACH is a signal based on single-tone frequency hopping. In the time domain, NPRACH has 4 symbol groups in each repetition, and each symbol group consists of one CP and five symbols. Two different CP lengths are defined for NPRACH, with a symbol group duration of either 1.4 ms or 1.6 ms, and the duration of one repetition is 5.6 ms or 6.4 ms respectively. In the frequency domain, the subcarrier spacing is 3.75 kHz. There are two frequency hopping distances within one preamble, i.e. 
3.75 kHz and 22.5 kHz.
In TDD, uplink subframes allocated for data transmission will not be contiguous as in FDD, but separated by downlink and special subframes every 5 ms or 10 ms. According to the UL-DL configurations in 
Table 1, there are 1~3 subframes in each set of uplink subframes, which cannot hold a repetition nor even a symbol group of the FDD NPRACH design. Therefore, changes are necessary for NPRACH in TDD NB-IoT.
[bookmark: _Ref493176641][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Table 1 UL-DL 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



According to the agreement in RAN1#90bis, P denotes the number of symbol groups within one preamble, and G≥2 denotes the number of symbol groups with back-to-back transmission within 1, 2, and 3 contiguous uplink subframes. N denotes the number of symbols per symbol group..
NPRACH
Symbol group structure
For 3 continuous uplink subframes
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1815][bookmark: OLE_LINK1816]The possible symbol group structure designs for TDD UL-DL configuration with 3 continuous uplink subframes are shown in Table 2. 




[bookmark: _Ref497746391]Table 2 Possible symbol group structure designs for TDD UL-DL configuration 
with 3 continuous uplink subframes
	G
	N
	Symbol length(us)
	CP length(us)
	GT length(us)
	Supported Cell radius(km)
	CP and GT overhead

	4
	2
	266.67
	~173.33
	~173.33 
	26
	~28.89%

	3
	3
	266.67
	150
	150
	22.5
	~20%

	2
	5
	266.67
	~111.11
	~111.11
	~16.7
	~11.11%


For 2 continuous uplink subframes
The possible NPRACH designs for TDD UL-DL configuration with 2 continuous uplink subframes are shown in Table 3.
[bookmark: _Ref497749383]Table 3 Possible symbol group structure designs for TDD UL-DL configuration 
with 2 continuous uplink subframes
	G
	N
	Symbol length(us)
	CP length(us)
	GT length(us)
	Supported Cell radius(km)
	CP and GT overhead

	4
	1
	266.67
	~186.67
	~186.67
	28
	~46.67%

	3
	2
	266.67
	100
	100
	15
	~20%

	2
	3
	266.67
	~133.33
	~133.33
	20
	~20%


For 1 continuous uplink subframe
The possible NPRACH design for TDD UL-DL configuration with 1 continuous uplink subframe is shown in Table 2. 
Table 4 Possible symbol group structure design for TDD UL-DL configuration 
with 1 continuous uplink subframe
	G
	N
	Symbol length(us)
	CP length(us)
	GT length(us)
	Supported Cell radius(km)
	CP and GT overhead

	2
	1
	266.67
	~155.56
	~155.56
	~23.3
	46.67%


Frequency hopping pattern
For G = 4, there are four back-to-back symbol groups. The same symbol group number and frequency hopping pattern within one preamble as FDD can be reused, i.e. P = G. As shown in Figure 1, the hopping distance between 1st symbol group and 2nd symbol group and the hopping distance between 3rd symbol group and 4th symbol group are 3.75 kHz. The hopping distance between 2nd symbol group and 3rd symbol group is 22.5 kHz. 
[image: ]
[bookmark: _Ref497922920]Figure 1 Frequency hopping pattern for single-tone NPRACH within one preamble for G = 4
For G = 3, there are three back-to-back symbol groups. According to the agreement in RAN1#90bis, P (number of symbol groups in a preamble) is even. So one preamble can consist of 6 symbol groups, i.e. 
P = 2G. The example frequency hopping pattern is shown in Figure 2, the hopping distance between 1st symbol group and 2nd symbol group and the hopping distance between 2nd  symbol group and 3rd  symbol group are 3.75 kHz. The hopping distance between 4th symbol group and 5th symbol group and the hopping distance between 5th symbol group and 6th symbol group are 22.5 kHz. 
[image: ]
[bookmark: _Ref497924246]Figure 2 Frequency hopping pattern for single-tone NPRACH within one preamble for G = 3
For G = 2, there are two back-to-back symbol groups. There is only one hopping distance within G symbol groups. In FDD, in one preamble there are two hopping distances to allow coarse and fine distance and timing estimation. So at least P = 2G is needed for TDD. The hopping distance between 1st symbol group and 2nd symbol group is 3.75 kHz. The hopping distance between 3rd symbol group and 4th symbol group is 22.5 kHz. 
[image: ]
[bookmark: _Ref497926751]Figure 3 Frequency hopping pattern for single-tone NPRACH within one preamble for G = 2
Preamble format
For UL-DL configurations with 3 continuous uplink subframes, G = 4 is preferred. For G = 2 or 3, the preamble is unnecessarily divided into two parts. Within one preamble, coherent combination cannot be done. The TA performance will degrade. So the preferred preamble format is: N =2, G = 4, P = G, CP length is ~173.33us, GT length is ~173.33us, and symbol length is ~266.67us. The hopping pattern within one preamble can be the same with FDD. The frequency hopping between NPRACH preamble repetitions can refer to the same cell specific pseudo-random hopping mechanism as FDD.
For UL-DL configurations with 2 continuous uplink subframes, G = 3 is preferred. For G = 4, the CP and GT overhead is too high and there is only one symbol per symbol group, so the noise resistance capability is weak. For G = 2, the CP and GT overhead is the same as G = 3. Based on our simulation result, however, the performance is better when G = 3. The simulation assumptions are shown in the Appendix. Hence, the preferred preamble format is:  N =2, G = 3, P = 2G, CP length is 100us, GT length is 100us, and symbol length is ~266.67us. Due to discontinuous transmission, coherent combination is only done within one continuous uplink subframes set. So cell-specific pseudo-random hopping can be used between 3rd symbol group and 4th symbol group to further reduce inter-cell interference if the configured NPRACH resources for different cell are overlapped. Frequency hopping between discontinuous transmissions within one preamble and frequency hopping between NPRACH preamble repetitions can refer to the same cell specific pseudo-random hopping mechanism as FDD.
 [image: ]
Figure 4 TA estimation performance comparison between G = 2 and G = 3
For UL-DL configurations with 1 continuous uplink subframe, due to the limited time resource, the preamble format is: N =1, G = 2, P = 2G, CP length is ~155.56us, GT length is ~155.56us, and symbol length is ~266.67us. Due to discontinuous transmission, coherent combination is only done within one continuous uplink subframes set. So cell-specific pseudo-random hopping can be used between 2nd symbol group and 3rd symbol group to further reduce inter-cell interference if the configured NPRACH resources for different cells are overlapped. Frequency hopping between discontinuous transmissions within one preamble and frequency hopping between NPRACH preamble repetitions can refer to the same cell specific pseudo-random hopping mechanism as FDD. 
In summary, the proposed preamble formats are shown in Table 5 .
[bookmark: _Ref498102474]Table 5 Summary of TDD NPRACH preamble formats
	UL-DL Configuration continuous UL subframes
	P
	G
	N
	CP length(us)
	GT length(us)
	Symbol length(us)
	3.75 kHz hop between groups
	22.5 kHz hop between groups
	Pseudo- random hopping between groups

	3 ms
	4
	4
	2
	~173.33
	~173.33
	~266.67
	1st → 2nd,    3rd → 4th
	2nd → 3rd 
	/

	2 ms
	6
	3
	2
	100
	100
	~266.67
	1st → 2nd,     2nd → 3rd
	4th → 5th,     5th → 6th 
	3rd → 4th 

	1 ms
	4
	2
	1
	~155.56
	~155.56
	~266.67
	1st → 2nd,     
	3rd → 4th
	2nd → 3rd 



Proposal 1: For UL-DL configurations with 3 continuous uplink subframes, the following preamble formats are supported:
· P = G, G = 4, N =2, CP = GT = ~173.33 us, symbol length = ~266.67 us.
· 1st to 2nd symbol group and 3rd to 4th symbol group hopping distance: 3.75 kHz.
· 2nd to 3rd symbol group hopping distance: 22.5k Hz.
· Hopping between repetitions: same cell specific pseudo-random hopping mechanism as FDD.
Proposal 2: For UL-DL configurations with 2 continuous uplink subframes:
· P = 2G, G = 3, N =2, CP = GT = 100 us, symbol length = ~266.67 us.
· 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: 22.5 kHz.
· Hopping between 3rd and 4th symbol group: same cell specific pseudo-random hopping mechanism as FDD.
· Hopping between repetitions: same cell specific pseudo-random hopping mechanism as FDD.
Proposal 3: For UL-DL configurations with 1 continuous uplink subframe:
· P = 2G, G = 2, N =1, CP = GT = ~155.56 us, symbol length = ~266.67 us.
· 1st to 2nd symbol group hopping distance: 3.75 kHz.
· 3rd to 4th symbol group hopping distance: 22.5 kHz.
· Hopping between 2nd and 3rd symbol group: same cell specific pseudo-random hopping mechanism as FDD.
· Hopping between repetitions: same cell specific pseudo-random hopping mechanism as FDD.
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 3ms which is enough for a 
NB-slot transmission. For UL-DL configuration 6, the 2-ms NB-slot can also fit in the 2ms or 3ms continuous uplink durations, thus both configurations should be supported. 
Proposal 4: Support 3.75 kHz NPUSCH for UL-DL configurations #3 and #6 with the same definition of NB-slot and resource unit as FDD.
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. In the RAN1#91 agreements, the single tone RU length 2 ms for NPUSCH format 2 is missing, and it can be added with the same RU structure as FDD.
Proposal 5: 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 6: 3.75 kHz and 15 kHz are the only supported UL subcarrier spacings in TDD NB-IoT.
In order to use the available resources of special subframes as much as possible to improve TDD NB-IoT system performance, it is preferred to use the UpPTS partially for TDD UEs. However, in most special subframe configurations, the number of available SC-FDMA symbols in UpPTS is limited and cannot be used for 3.75 kHz NPUSCH format 1 and format 2 because the 3.75 kHz symbol length is too long. In FDD NB-IoT, SRS subframe configuration srs-SubframeConfig can be indicated to the NB-IoT UEs to avoid interference from NPUSCH to LTE SRS. In TDD NB-IoT, it is also useful to give the ability to avoid LTE SRS collisions, so srs-SubframeConfig should be configurable by eNB for TDD UEs to avoid  collisions between NPUSCH and LTE TDD SRS transmitted in normal uplink subframes and special subframes. However, both special subframe #1 and #6 are the SRS subframe if srs-SubframeConfig is one of {0,1,…,13}. So it is preferred to use UpPTS only in guard-band and standalone modes.
Proposal 7: NPUSCH is transmitted in UpPTS for 15 kHz NPUSCH format 1 and 2 in guard-band and standalone operation modes.
Proposal 8: LTE srs-SubframeConfig can be configured to TDD NB-IoT UEs.
Conclusions
In this contribution, designs of NPRACH and NPUSCH were discussed for TDD NB-IoT, and the following proposals are made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For UL-DL configurations with 3 continuous uplink subframes, the following preamble formats are supported:
· P = G, G = 4, N =2, CP = GT = ~173.33 us, symbol length = ~266.67 us.
· 1st to 2nd symbol group and 3rd to 4th symbol group hopping distance: 3.75 kHz.
· 2nd to 3rd symbol group hopping distance: 22.5k Hz.
· Hopping between repetitions: same cell specific pseudo-random hopping mechanism as FDD.
Proposal 2: For UL-DL configurations with 2 continuous uplink subframes:
· P = 2G, G = 3, N =2, CP = GT = 100 us, symbol length = ~266.67 us.
· 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: 22.5 kHz.
· Hopping between 3rd and 4th symbol group: same cell specific pseudo-random hopping mechanism as FDD.
· Hopping between repetitions: same cell specific pseudo-random hopping mechanism as FDD.
Proposal 3: For UL-DL configurations with 1 continuous uplink subframe:
· P = 2G, G = 2, N =1, CP = GT = ~155.56 us, symbol length = ~266.67 us.
· 1st to 2nd symbol group hopping distance: 3.75 kHz.
· 3rd to 4th symbol group hopping distance: 22.5 kHz.
· Hopping between 2nd and 3rd symbol group: same cell specific pseudo-random hopping mechanism as FDD.
· Hopping between repetitions: same cell specific pseudo-random hopping mechanism as FDD.
Proposal 4: Support 3.75 kHz NPUSCH for UL-DL configurations #3 and #6 with the same definition of NB-slot and resource unit as FDD.
Proposal 5: 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 6: 3.75 kHz and 15 kHz are the only supported UL subcarrier spacings in TDD NB-IoT.
[bookmark: _GoBack]Proposal 7: NPUSCH is transmitted in UpPTS for 15 kHz NPUSCH format 1 and 2 in guard-band and standalone operation modes. 
Proposal 8: LTE srs-SubframeConfig can be configured to TDD NB-IoT UEs.
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Appendix
	Channel model 
	EPA

	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 




image3.emf
 

… 

GT

Frequency

Time

Continuous uplink subframes

(e.g. 1ms)

3.75kHz

1

st

 symbol 

group

2

nd

 symbol 

group

CP

CP

Continuous uplink subframes

(e.g. 1ms)

22.5kHz

3

rd

 symbol 

group

4

th 

symbol 

group

GT

CP

CP


image4.png
CDF

0.8

06

04

0.2

12 UL subframes, SNR = 12.3dB, 2 repetitions, P = 2G

4 2 0 2 4
Timing error(samples in 1.92MHz)





image1.emf
 

Continuous uplink subframes

(e.g. 3ms)

22.5kHz

3.75kHz

3.75kHz

1

st

 symbol 

group

2

nd 

symbol 

group

3

rd

 symbol 

group

4

th

 symbol 

group

Frequency

Time

GT

CP

CP

CP

CP


image2.emf
Continuous uplink subframes

(e.g. 2ms)

3.75kHz

1

st

 symbol

group

2

nd

 symbol

group

3

rd

 symbol 

group

Frequency

Time

GT

CP

CP

CP

Continuous uplink subframes

(e.g. 2ms)

22.5kHz

4

th

 symbol

group

5

th

 symbol

group

6

th

 symbol 

group

22.5kHz

GT

CP

… 

3.75kHz

CP CP


