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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [1]. The objectives to support for TDD were updated as following:

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. 

In RAN1 #90, #90bis, #91, #92 and #92bis meetings, the following agreements were achieved for uplink aspects [2] [3] [4] [5] [6].
· TDD NPRACH supports at least 3.75 kHz subcarrier spacing single-tone with frequency hopping.

· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· Multi-tone NPRACH formats can also be considered

· 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

· A preamble is defined by P symbol groups. 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

· Repetition of NPRACH preamble is supported.
· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions
· FFS details
· The cell radius target for TDD NPRACH is FFS

· 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


· 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

· Mapping table for TDD UL/DL configuration and TDD NPRACH formats is list in Table X
· FFS configuration 6 if it is supported

· Transmit Format 0 and Format 0-a in all NPRACH subframes, and aligned with subframe boundary

Table X Mapping table for UL/DL configuration and NPRACH format
	UL/DL Configuration  index
	Format 0
	Format 1
	Format 2
	Format 0-a
	Format 1-a

	 1
	√
	√
	
	√
	√

	2
	√
	
	
	√
	

	 [3]
	[√]
	
	[√]
	[√]
	

	4
	√
	√
	
	√
	√

	5
	√
	
	
	√
	


· For G=2, P=4  (format 0, 1, 2) 

· when the repetition number =1

Tone index of the first and third symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index to hopping pattern mapping is

	Index of the tone used by the 1st symbol group
	Deterministic hopping length for the 2nd within a repetition unit

	0, 2, 4, 6, 8, 10
	+3.75kHz

	1, 3, 5, 7, 9, 11
	-3.75kHz

	Index of the tone used by the 3rd symbol group
	Deterministic hopping length for the 4th within a repetition unit

	0, 1, 2, 3, 4, 5
	+22.5kHz

	6, 7, 8, 9, 10, 11
	-22.5kHz


·  when repetition number >=2 

The initial tone index to hopping pattern mapping follows table above.

Tone index of the first symbol groups in the odd preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. 

Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first and third symbol groups, the candidate tone index for the first and third symbol groups in the even preamble is chosen by [SFN and ]cell specific pseudo-random sequence and will be confined to one of the tone indexes in the opposite half of the bandwidth as follows: 

	Odd Preamble Repetition Unit
	Even Preamble Repetition Unit

	Index of the tone used by the 1st symbol group
	Candidate Indexes for the tone to be used by the 1st symbol group

	0, 2, 4, 6, 8, 10
	1, 3, 5, 7, 9, 11

	1, 3, 5, 7, 9, 11
	0, 2, 4, 6, 8, 10

	Index of the tone used by the 3rd symbol group
	Candidate Indexes for the tone to be used by the 3rd symbol group

	0, 1, 2, 3, 4, 5
	6, 7, 8, 9, 10, 11

	6, 7, 8, 9, 10, 11
	0, 1, 2, 3, 4, 5

	Odd Preamble Repetition Unit
	Even Preamble Repetition Unit

	Index of the tone used by the 1st symbol group
	Candidate Indexes for the tone to be used by the 1st symbol group


· For G=3, P=6 (format 0-a, format 1-a)

Tone index of the first and fourth symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index of the first and fourth symbol groups to hopping pattern mapping is
Table   Hopping patterns for 2nd and 3rd symbol group within a repetition unit

	Index of the tone used by the 1st symbol group
	Hopping pattern for  the 2nd and 3rd symbol group within a repetition unit

	0, 2, 4,6, 8, 10
	+3.75kHz, -3.75kHz

	1, 3, 5,7, 9, 11
	-3.75kHz,+3.75kHz


Table   Hopping patterns for 5th and 6th symbol group within a repetition unit

	Index of the tone used by the 4th symbol group
	Hopping pattern for the 5th and 6th symbol group within a repetition unit

	0, 1, 2, 3, 4, 5
	+22.5kHz,-22.5kHz

	6, 7, 8, 9, 10, 11
	-22.5kHz,+22.5kHz


· 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 for NPUSCH format 1, in UL/DL configurations #1 and #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.

· For NPUSCH format 1 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.

· For TDD NB-IoT with 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.

In this contribution, we discuss the remaining issues on uplink aspects for NPUSCH and NPRACH design to support TDD NB-IoT.

2 Repetitions of NPUSCH format 1 in TDD NB-IoT 

In FDD NB-IoT, cyclic repetition is used for repetitions of NPUSCH format 1. For multi-tone transmission, each subframe in the allocated resources is repeated consecutively for Z = Min (4, repetition) times in each cycle. In TDD, for NPUSCH with small number of repetitions, i.e., 2 or 4, the usage of cyclic repetition will preclude RV cycling and the performance is degraded due to the increased coding rate. In TDD NB-IoT, similar to TDD eMTC, cyclic repetition is only used for NPUSCH with relatively large number of repetitions (e.g., number of NPUSCH repetitions > 8) and Z = 5 is reused for TDD NB-IoT. In TDD NB-IoT, the number of continuous UL subframe is very limited for some TDD configurations and Z times repeated transmission may have large gap. Accordingly, the symbol level combination gain may be degraded or the symbol level combination may not be applied due to large frequency tracking error. By applying UL scheduling delay based on unit of N physical subframes (N= 5 or 10) and limiting the first UL subframe in a radio frame subframe as the starting location of RU, the negative impact on symbol level combination gain can be reduced. 

Proposal 1: Cyclic repetition is supported for NPUSCH format 1 in TDD NB-IoT if number of NPUSCH repetitions is larger than 8.

· Z = 5
3  RU for PUSCH format 2 with 3.75 kHz subcarrier spacing

Similar to PUSCH format 1, 3.75 kHz subcarrier spacing is also supported for NPUSCH format 2, in UL/DL configurations #1 and #4. The resource unit of NPUSCH format 2 is single tone with RU length 8 ms.

Proposal 2: NPUSCH format 2 is supported with 3.75 kHz subcarrier spacing for TDD configuration 1 and 4.

· RU of NPUSCH format 2 with 3.75 kHz subcarrier spacing is single tone with RU length 8 ms.
4 DMRS for TDD NB-IoT

UL DM-RS locations in Rel-13 NB-IoT are shown in Table 1. 

 Table 1 UL DM-RS for FDD NB-IoT

	NPUSCH format
	Values for 
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For TDD NB-IoT with 15 kHz subcarrier spacing, DMRS location in FDD NB-IoT is reused.

For NPUSCH format 1 with 3.75 kHz subcarrier spacing, considering that NB-slot is composed of continuous uplink subframes for TDD configuration 1 and 4, DMRS location in FDD NB-IoT can be reused.
Proposal 3: DMRS location in FDD NB-IoT is reused for TDD NB-IoT.
In FDD NB-IoT, DM-RS sequence is composed of QPSK sequence for multi-tone RU. It can be directly reused for TDD NB-IoT.
Proposal 4: For multi-tone RU(s), DMRS sequence in FDD NB-IoT is reused for TDD NB-IoT.
In FDD NB-IoT, DM-RS sequence is composed of PN sequence and Walsh sequence for single tone (
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), where the length of W sequence is 16 which is equal to the number of OFDM symbols within a RU.  For TDD NB-IoT, RU is composed of discontinuous UL subframes for single tone. If length-16 Walsh code is reused, the orthogonality of sequences cannot be guaranteed which may impact the channel estimation performance. In this case, shorter Walsh sequence should be considered. The Walsh sequence length can be chosen from the following two alternatives.

· Alt 1: The length of Walsh sequence is determined according to the number of DM-RS symbols within consecutive uplink subframes in a RU.

· Alt 2: The length of Walsh sequence is determined according to the number of DM-RS symbols within a predefined period T.

Taking TDD configuration 1 as an example, the single tone RU structure for 15 kHz subcarrier spacing is shown in Figure 1. For Alt 1, since the number of consecutive subframe is 2 in a RU which is corresponding to 4 DM-RS OFDM symbols, the Walsh sequence length is 4. For Alt 2, considering that orthogonality of length-16 Walsh sequence can be guaranteed within 8 ms for 15 kHz subcarrier spacing in FDD NB-IoT, T = 8ms can be used for TDD NB-IoT. For TDD configuration 2, there have four uplink subframes which totally contain 8 DM-RS symbols within 8 ms period, the Walsh sequence length would be 8.
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Figure 1 RU structure for single tone – 15 kHz subcarrier spacing

Proposal 5: For single tone RU in TDD NB-IoT, similar to FDD NB-IoT, DM-RS sequence is composed of PN sequence and Walsh sequence.

· Length-8 Walsh sequence length is used. 
5 NPRACH for TDD NB-IoT

5.1 NPRACH hopping pattern
· For format 0, 1, 2 

In RAN1 #92bis, it is agreed that for NPRACH format 0, 1, 2, the following items need further study:  

· when the repetition number = 1, tone index of the first and third symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. 
· when the repetition number >= 2, tone index of the first symbol groups in the odd preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)] . 

A common implementation can be used for the above two items as described below:

The frequency location of the NPRACH transmission is constrained within 
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sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of symbol group 
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is given by 
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Proposal 6: For NPRACH format 0, 1, 2, the frequency location of symbol group is calculated as following: 
The frequency location of the NPRACH transmission is constrained within
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 sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of symbol group 
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is given by 
[image: image19.wmf](

)

)

i

(

n

~

n

i

n

RA

SC

start

RA

sc

+

=

, where 
[image: image20.wmf]ë

û

RA

sc

RA

sc

init

NPRACH

scoffset

start

N

N

n

N

n

×

+

=

 and


[image: image21.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

0

1

1

1

2

1

6

1

3

4

6

1

6

1

3

4

6

1

1

2

1

1

4

1

1

0

2

1

1

4

1

1

6

4

6

8

6

6

2

0

4

6

8

6

2

0

1

2

4

4

8

2

6

2

0

0

2

4

4

8

1

2

6

2

0

2

8

2

0

0

0

8

2

0

9

10

1

10

1

10

=

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

=

ï

ï

ï

ï

ï

ï

ï

î

ï

ï

ï

ï

ï

ï

ï

í

ì

³

-

=

-

-

<

-

=

+

-

=

-

=

-

-

=

-

=

+

-

<

-

£

=

+

+

<

-

£

=

+

=

-

=

´

+

=

-

=

+

´

+

=

+

>

=

+

=

å

+

+

=

+

-

f

N

mod

N

mod

n

c

t

f

t

f

)

i

(

n

~

 

and

 

mod

i

)

i

(

n

~

)

i

(

n

~

 

and

 

mod

i

)

i

(

n

~

mod

)

i

(

n

~

 

and

 

mod

i

)

i

(

n

~

mod

)

i

(

n

~

 

and

 

mod

i

)

i

(

n

~

)

i

(

n

~

0

 

and

 

mod

i

mod

)

/

i

(

f

)

(

n

~

N

)

i

(

n

~

6

 

and

 

mod

i

mod

)

/

i

(

f

)

(

n

~

mod

)

i

(

n

~

 

and

 

mod

i

)

mod

)

/

i

(

f

)

(

n

~

(

mod

)

i

(

n

~

 

and

 

mod

i

)

mod

)

/

i

(

f

)

(

n

~

(

mod

i

N

mod

)

/

i

(

f

)

(

n

~

i

 

and

 

mod

i

N

mod

)

/

i

(

f

)

(

n

~

)

i

(

n

~

RA

sc

RA

sc

t

t

n

)

t

(

n

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc


where 
[image: image22.wmf]RA

sc

init

RA

SC

N

mod

n

)

(

n

~

=

0

 with 
[image: image23.wmf]init

n

 being the subcarrier selected by the MAC layer from 
[image: image24.wmf]}

N

,...,

,

{

NPRACH

sc 

1

1

0

-

, and the pseudo random sequence 
[image: image25.wmf])

n

(

c

 is given by clause 7.2 of TS36.211. The pseudo random sequence generator shall be initialized with

[image: image26.wmf]ID

_

Carrier

n

2

N

2

c

f

4

Ncell

ID

14

init

+

×

+

×

=

, wherein, 
[image: image27.wmf]ë

û

0

10

10

=

-

)

/

N

mod(

)

/

N

n

(

NPRACH

period

NPRACH

start

f

.

· For format 0-a, 1-a 

For NPRACH format 0-a and format 1-a, the frequency location of the NPRACH transmission is constrained within  
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sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of symbol group 
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is given by 
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Proposal 7: For NPRACH format 0-a and 1-a, the frequency location of symbol group is calculated as following: 
The frequency location of the NPRACH transmission is constrained within 
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 sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of symbol group 
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5.2 On support of NPRACH format for TDD UL/DL configuration 3
For TDD UL/DL configuration 3, there are 3 consecutive UL subframes per radio frame. If NPRACH format 1 and 1-a are supported for UL/DL configuration 3, one UL subframe cannot be allocated for NPRACH transmission since two consecutive UL subframes are needed for NPRACH format 1 and 1-a. The remaining UL subframe(s) not used for NPRACH can be carefully allocated for other UL channels. However, the scheduling complexity of eNB would be increased. If NPRACH format 1 and 1-a are supported for TDD UL/DL configuration 3, the starting subframe for NPRACH is the same for each radio frame and can be configured in SIB1-NB.

Proposal 8: At least NPRACH format 0, 2, 0-a are supported for TDD UL/DL configuration 3.

Proposal 9: If NPRACH format 1 and 1-a are supported for TDD UL/DL configuration 3, the starting subframe for NPRACH is the same for each radio frame and can be configured in SIB.
5.3 TDD NPRACH configuration parameters
· Repetition times of TDD NPRACH
For FDD NPRACH, each symbol group consists of 5 symbols, but for TDD NPRACH, only 1 or 2 or 4 symbols are configured for one symbol group. Thus under the same number of repetitions, the performance of TDD NPRACH is worse than FDD NPRACH. In order to support the same MCL as FDD NPRACH, the repetition times of TDD NPRACH should be extended. For example, the repetition times of TDD NPRACH is extended to {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.

Proposal 10: The number of TDD NPRACH repetitions is extended to {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.
· NPRACH resource allocation 
The number of UL subframes in a TDD radio frame is smaller than that in FDD frame, and in order to support the same MCL as FDD NPRACH, the periodicity of TDD NPRACH should be extended. For example, the periodicity of TDD NPRACH is extended to {40, 80, 160, 240, 320, 640, 1280, 2560, 5120, 10240}ms, and the offset within the periodicity is also extended to {8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192}ms. The actual starting subframe of TDD NPRACH within periodicity is the first UL subframe in which the offset is indicated.

Proposal 11: TDD NPRACH periodicity is {40, 80, 160, 240, 320, 640, 1280, 2560, 5120, 10240}.
Proposal 12: The offset within the TDD NPRACH periodicity is {8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192} ms. The actual starting subframe of TDD NPRACH within periodicity is the first UL subframe in which the offset is indicated.
Subcarrier allocation configuration parameters for FDD NPRACH, i.e., “nprach-NumSubcarriers” and “nprach-SubcarrierOffset”, are reused for TDD NPRACH.
Proposal 13: Subcarrier allocation configuration parameters for FDD NPRACH, i.e., “nprach-NumSubcarriers” and “nprach-SubcarrierOffset”, are reused for TDD NPRACH.
6 Conclusions

In this contribution, we have discussed the remaining issues on uplink aspects for NPUSCH and NPRACH to support TDD NB-IoT. We make the following observations and proposals:
Proposal 1: Cyclic repetition is supported for NPUSCH format 1 in TDD NB-IoT if number of NPUSCH repetitions is larger than 8.

· Z = 5
Proposal 2: NPUSCH format 2 is supported with 3.75 kHz subcarrier spacing for TDD configuration 1 and 4.

· RU of NPUSCH format 2 with 3.75 kHz subcarrier spacing is single tone with RU length 8 ms.
Proposal 3: DMRS location in FDD NB-IoT is reused for TDD NB-IoT.
Proposal 4: For multi-tone RU(s), DMRS sequence in FDD NB-IoT is reused for TDD NB-IoT.
Proposal 5: For single tone RU in TDD NB-IoT, similar to FDD NB-IoT, DM-RS sequence is composed of PN sequence and Walsh sequence.

· Length-8 Walsh sequence length is used. 
Proposal 6: For NPRACH format 0, 1, 2, the frequency location of symbol group is calculated as following: 
The frequency location of the NPRACH transmission is constrained within
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 sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of symbol group 
[image: image51.wmf]i

is given by 
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Proposal 7: For NPRACH format 0-a and 1-a, the frequency location of symbol group is calculated as following: 
The frequency location of the NPRACH transmission is constrained within 
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 sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of symbol group 
[image: image62.wmf]i

is given by 
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Proposal 8: At least NPRACH format 0, 2, 0-a are supported for TDD UL/DL configuration 3.

Proposal 9: If NPRACH format 1 and 1-a are supported for TDD UL/DL configuration 3, the starting subframe for NPRACH is the same for each radio frame and can be configured in SIB.
Proposal 10: The number of TDD NPRACH repetitions is extended to {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.
Proposal 11: TDD NPRACH periodicity is {40, 80, 160, 240, 320, 640, 1280, 2560, 5120, 10240}.
Proposal 12: The offset within the TDD NPRACH periodicity is {8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192} ms. The actual starting subframe of TDD NPRACH within periodicity is the first UL subframe in which the offset is indicated.
Proposal 13: Subcarrier allocation configuration parameters for FDD NPRACH, i.e., “nprach-NumSubcarriers” and “nprach-SubcarrierOffset”, are reused for TDD NPRACH.
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