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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, #91and #92 meeting, the following agreements were achieved for uplink aspects [2] [3] [4] [5].
· 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


· 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

· 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.

· 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 FSS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).

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

2 NB-slot for TDD configuration 3

Considering that NB-IoT traffic is uplink dominant, compared with TDD configuration 4, TDD configuration 3 may have better latency performance. So, NPUSCH transmissions with 3.75 kHz subcarrier spacing should be supported in TDD UL/DL configuration 3. Definition of NB-slot can be directly reused for TDD configuration 1 and 4. For TDD configuration 3, definition of NB-slot in FDD NB-IoT cannot be directly reused since the number of consecutive uplink subframes in a radio frame is 3. A simple way is only using definition of NB-slot for subframe #2 and #3.  In this case, NPUSCH transmissions with 3.75 kHz subcarrier spacing are only mapped to subframe #2 and #3 while subframe #4 can only be allocated for NPUSCH transmission with 15 kHz subcarrier spacing. Since the UEs don’t know whether subframe #2 and #3 are allocated for single tone use, additional overhead is needed to signal the related information. It may also increase the scheduling complexity.  Another way is to extend definition of NB-slot to support discontinuous subframe case. As shown in Figure 1, the 4th symbol is punctured when the NB-slot is composed of discontinuous uplink subframes. There are 6 available OFDM symbols in a NB-slot if the NB-slot is composed of two discontinuous uplink subframes.  
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Figure 1 NB-slot in TDD for discontinuous uplink subframes 
Proposal 1: For NPUSCH transmissions with 3.75 kHz subcarrier spacing in TDD configuration 3,

· The 4th OFDM symbol in NB-slot would be punctured when NB-slot is composed of two discontinuous uplink subframes.

3 RU for TDD NB-IoT with 15 kHz subcarrier spacing
For TDD configuration 3, if RU with new number of subcarriers is introduced, the subcarrier indication in resource allocation would be different from that for TDD configuration 1, 2, 4 and 5. For example, if number of subcarriers for the RU is 4, there would be three starting subcarriers to be indicated which is different from legacy NB-IoT. Furthermore, new number of subcarriers is not beneficial for coexistence with NPRACH. So, introducing new number of subcarriers is not preferred.

In time domain, there have three continuous UL subframes for TDD configuration 3. If existing RU length is reused, cross-subframe channel estimation cannot be applied to all RUs of a NPUSCH transmission. In this case, decoding performance for different RUs is not consistent and the testing scenario will be very complicated. New RU length can be introduced to align the RU length in time domain with the number of continuous UL subframe within 5/10 ms period. As shown in Figure 3, RU of 6 subcarriers by 3 ms or RU of 3 subcarriers by 6 ms can be considered. For single tone, the RU length of 9 ms can be considered. Available RE numbers in the new defined RU is larger than 144, but the eNB can adaptively adjust the MCS level. This is similar to FDD NB-IoT case in which RE numbers for single tone and multi-tone are different. 
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(a) RU example of 6 subcarriers by 3 ms

[image: image3.emf]D S U U U D D D D D

0 1 2 3 4 5 6 7 8 9

10ms

D S U U U D D D D D

D S U U U D D D D D

D S U U U D D D D D

D S U U U D D D D D

D S U U U D D D D D


b) RU example of 3 subcarriers by 6 ms
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(c) RU example of 1 subcarriers by 9 ms

Figure 2  RU examples for TDD configuration 3 
Proposal 2: For NPUSCH with 15 kHz subcarrier spacing, new RU definition is considered for TDD configuration 3, e.g., 3 subcarriers by 6 ms and 6 subcarriers by 3 ms.
If TDD UL/DL configuration 6 is supported, similar to TDD UL/DL configuration 3, new RU length also can be introduced to align the RU length with the number of continuous UL subframe within 5/10 ms period. For single tone, the supported RU is 1 subcarrier by 10 ms. For multi-tone, the preferred RU is 3 subcarriers by 5 ms.
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(a) RU example of 3 subcarriers by 5 ms
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(b) RU example of 1 subcarriers by 10 ms
Figure 3 RU examples for TDD configuration 6 
Proposal 3: If TDD UL/DL configuration 6 is supported, the following RU definition can be considered.

· 1 subcarriers by 10 ms and 3 subcarriers by 5 ms
4 NPUSCH repetitions in TDD NB-IoT 

In FDD NB-IoT, cyclic repetition is used for NPUSCH repetitions. 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). 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. 

Observation 1: Using 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 is beneficial for decoding performance.
Proposal 4: Cyclic repetition is supported for NPUSCH repetitions in TDD NB-IoT.
· FFS the value of Z
5 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, the DM-RS symbol locates in the second subframe period of a NB-slot and the first subframe has no DM-RS symbol. For TDD NB-IoT, if NB-slot is composed of discontinuous uplink subframes, since the first subframe has no DM-RS for channel estimation, one symbol should be used for DM-RS in the first subframe of 2-ms NB-slot.

For NPUSCH format 2 with 3.75 kHz subcarrier spacing, DM-RS symbols mainly locate in the first subframe of 2-ms NB-slot and there has no DM-RS symbol in the second subframe. If 2-ms NB-slot is composed of discontinuous uplink subframes, DM-RS location should be modified.

Proposal 5: For TDD NB-IoT with 15 kHz subcarrier spacing, DMRS location in FDD NB-IoT is reused.
Proposal 6: For TDD NB-IoT with 3.75 kHz subcarrier spacing,
· If 2-ms NB-slot is composed of discontinuous UL subframes, one OFDM symbol is used for DM-RS within each 1-ms period for PUSCH format 1 and 2.

· If 2-ms NB-slot is composed of continuous UL subframes, DMRS location in FDD NB-IoT is reused  
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 7: 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 2 as an example, the single tone RU structure for 15 kHz subcarrier spacing is shown in Figure 4. 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 4 RU structure for single tone – 15 kHz subcarrier spacing

Proposal 8: For single tone RU in TDD NB-IoT, similar to FDD NB-IoT, DM-RS sequence is composed of PN sequence and Walsh sequence.
· Shorter Walsh sequence length needs to be considered. 
6 NPRACH for TDD NB-IoT

6.1 NPRACH format for each TDD UL/DL configuration
The NPRACH format used should be based on the consecutive UL subframes length in each TDD UL/DL configuration. According to this criterion, we suggest the relationship between UL/DL configuration and NPRACH formats as shown in Table 2. 

 Table 2 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
	√
	
	
	√
	

	6 (if supported)
	
	√

(first 2 UL subframes)
	
	
	√

(first 2 UL subframes)


For standalone deployment of TDD NB-IoT, if any new TDD configuration is agreed, the selection of NPRACH format can also be based on Table 2 for any new configuration with consecutive UL subframes less or equal to three. If the consecutive UL subframes for the new configuration is larger than three, NPRACH format 2 should be used.

Proposal 9: Table 2 is used as mapping table for TDD UL/DL configuration and TDD NPRACH formats
6.2 NPRACH hopping pattern
· For G=2, P=4  (format 0, 1, 2) 
1) when the repetition number =1
Tone index of the first symbol group in the preamble repetition unit is chosen to be randomly within the configured 12 tones. The initial tone index to hopping pattern mapping is shown in Table 3.
Table 3 Deterministic hopping patterns within a repetition unit
	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

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

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

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

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


2) when repetition number >=2 
The initial tone index to hopping pattern mapping within a repetition unit follows Table 3.

The tone index of the symbol group of the odd preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first symbol group, the candidate tone index for the first symbol group 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 shown in Table 4: 

 
Table 4 Mapping table for the tone index of the first symbol group in even preamble repetition unit
	Odd Preamble Repetition Unit
	Even Preamble Repetition Unit

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

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10 

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4 


In RAN1 #92, questions were raised regarding if NPRACH format 0 can be used when repetition time=1. To answer this question, simulations were conducted to evaluate the performance, and the simulation result is shown in Figure 5. SNR required to achieve TA estimation accuracy for NPRACH format 0 with repetition time=1 is shown in Table 5.
[image: image12.emf]10 12 14 16 18 20 22 24 26 28 30

10

-3

10

-2

10

-1

10

0

SNR(dB)

Prob. of TA estimation error larger than 7 samples

 

 

Residual FO = 0Hz,Repetition times = 1

Residual FO = 0Hz,Repetition times = 2

Residual FO = 30Hz,Repetition times = 1

Residual FO = 30Hz,Repetition times = 2

Residual FO = 50Hz,Repetition times = 1

Residual FO = 50Hz,Repetition times = 2


Figure 5 TA detection result for NPRACH format 0 with repetition time=1

Table 5  SNR required to achieve TA estimation accuracy for NPRACH format 0 with repetition time=1
	
	Residue CFO =0Hz
	Residue CFO =30Hz
	Residue CFO =50Hz

	Repetition=1
	22.6
	25.3
	30

	Repetition=2
	20
	20.9
	21.7


It can be seen that with realistic residue CFO of 30Hz~50Hz, the required received SNR for format 0 without repetition is as high as 30dB.This means format 0 without repetition has very limited usage in reality. Another observation is with pairwise hopping (repetition >=2), the effect of residue CFO can be removed.

Proposal 10: For TDD NPRACH format 0, the minimal repetition number is 2.

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

Two alternatives were summarized in RAN1 #92: 

· Alt 1: 
Tone index of the first symbol group in the 1st preamble repetition unit is chosen to be randomly within the configured 12 tones. The initial tone index to hopping pattern mapping within a repetition unit follows Table 6.

The hopping pattern for subsequent preamble repetition units is as follows: the tone index of the symbol group of the preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.
Table 6 Deterministic hopping patterns within a 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 initial tone index to hopping pattern mapping within a repetition unit follows Table 7.

The hopping pattern for subsequent preamble repetition units is as follows, the tone index of the symbol group of the preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Table 7 Deterministic hopping patterns within a 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 }


During the discussion in RAN1 #92, it was proposed to investigate if extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition. This extra level of random hopping can reduce the full collision rate of two NPRACH users. In the following chapter we discuss the corresponding hopping pattern and mapping table.

· For G=2, P=4  (format 0, 1, 2) (hopping pattern with random hopping for second symbol-groups)
1) when the repetition number =1
As is illustrated in Figure 6, hopping between the symbol group 0 (SG0) and SG1 is +/- 3.75 kHz, while hopping between SG2 and SG3 is +/- 22.5 kHz. The index of SG0 and SG2 can be cell specifically random chosen.
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Figure 6 NPRACH hopping pattern for G = 2, P = 4, Repetition times = 1

Note now there are two mapping tables, since the hopping between 4th symbol group and 3rd symbol group depends on the tone index of the 3rd symbol group. Hopping patterns for the 2nd symbol group within a repetition unit is shown in Table 8, and hopping patterns for the 4th symbol group within a repetition unit is shown in Table 9.
Table 8 Hopping patterns for the 2nd symbol group within a repetition unit
	Index of the tone used by the 1st symbol group
	Hopping pattern for  the 2nd symbol group within a repetition unit

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

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


Table 9 Hopping patterns for the 4th symbol group within a repetition unit

	Index of the tone used by the 3rd symbol group
	Hopping pattern for  the 4th symbol group within a repetition unit

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

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


2) when repetition number >=2 

Index of the tone used by the 1st and 3rd symbol group in the odd preamble repetition unit can be cell specifically random chosen, and index of the tone used by the 1st and 3rd symbol group in even preamble repetition should be mapped as shown in Table 10 and Table 11:

Table 10 Mapping table for the tone index of the 1st symbol group in even preamble repetition unit
	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 


Table 11 Mapping table for the tone index of the 3rd symbol group in even preamble repetition unit
	Odd Preamble Repetition Unit
	Even Preamble Repetition Unit

	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 


· G=3, P=6 (format 0-a, format 1-a) (hopping pattern with random hopping for second symbol-groups)

· Alt 1:

Index of the tone used by the 1st and 4th symbol group can be cell specifically random chosen, other symbol groups are list in Table 12 and Table 13:
Table 12 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 13 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，


· Alt 2:

Index of the tone used by the 1st symbol group can be cell specifically random chosen. Index of the tone used by 2nd, 3rd or 5th, 6th symbol group are list in Table 14.
Table 14 Hopping patterns for 2nd, 3rd or 5th, 6th symbol group within a repetition unit
	Index of the tone used by the 1st or 4th symbol group
	Deterministic hopping patterns for 2nd,3rd or 5th,6th symbol group

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

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

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

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


Mapping table between the 4th symbol group and the 1st symbol group is shown in Table 15.

Table 15 Hopping patterns for 4th symbol group within a repetition unit
	Index of the tone used by the first symbol group
	Candidate Indexes for the tone to be used by the 4th symbol group

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10 

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4 


Table 10

Proposal 11: For G=3, P=6 (format 0-a, format 1-a), FFS Alt 1 or/and Alt 2.

Proposal 12: FFS if deterministic hopping or cell specific random hopping is used for the second back-to-back symbol group.
7 Conclusions

In this contribution, we have discussed the uplink aspects for NPUSCH and NPRACH to support TDD NB-IoT. We make the following observations and proposals:
Observation 1: Using 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 is beneficial for decoding performance.

Proposal 1: For NPUSCH transmissions with 3.75 kHz subcarrier spacing in TDD configuration 3,

· The 4th OFDM symbol in NB-slot would be punctured when NB-slot is composed of two discontinuous uplink subframes.

Proposal 2: For NPUSCH with 15 kHz subcarrier spacing, new RU definition is considered for TDD configuration 3, e.g., 3 subcarriers by 6 ms and 6 subcarriers by 3 ms.
Proposal 3: If TDD UL/DL configuration 6 is supported, the following RU definition can be considered.
· 1 subcarriers by 10 ms and 3 subcarriers by 5 ms
Proposal 4: Cyclic repetition is supported for NPUSCH repetitions in TDD NB-IoT.
· FFS the value of Z
Proposal 5: For TDD NB-IoT with 15 kHz subcarrier spacing, DMRS location in FDD NB-IoT is reused.
Proposal 6: For TDD NB-IoT with 3.75 kHz subcarrier spacing,
· If 2-ms NB-slot is composed of discontinuous UL subframes, one OFDM symbol is used for DM-RS within each 1-ms period for PUSCH format 1 and 2.

· If 2-ms NB-slot is composed of continuous UL subframes, DMRS location in FDD NB-IoT is reused  
Proposal 7: For multi-tone RU(s), DMRS sequence in FDD NB-IoT is reused for TDD NB-IoT.
Proposal 8: For single tone RU in TDD NB-IoT, similar to FDD NB-IoT, DM-RS sequence is composed of PN sequence and Walsh sequence.
· Shorter Walsh sequence length needs to be considered. 
Proposal 9: Table 2 is used as mapping table for TDD UL/DL configuration and TDD NPRACH formats
Proposal 10: For TDD NPRACH format 0, the minimal repetition number is 2.

Proposal 11: For G=3, P=6 (format 0-a, format 1-a), FFS Alt 1 or/and Alt 2.

Proposal 12: FFS if deterministic hopping or cell specific random hopping is used for the second back-to-back symbol group.
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