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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 RAN #90 and #90bis meeting, the following agreements were achieved for uplink aspects [2] [3].
· 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

· 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.

In this contribution, we discuss the remaining details 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
RU definition in Rel-13 NB-IoT is shown in Table 1. 

Table 1 RU definition in FDD NB-IoT

	NPUSCH format
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	1
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	2
	

	2
	3.75 kHz
	1
	4
	

	
	15 kHz
	1
	4
	


Considering the coexistence with NPRACH, for multi-tone RU definition in TDD NB-IoT, number of subcarriers in FDD can be reused. For multi-tone, 
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Proposal 2: For multi-tone RU in TDD NB-IoT, 
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The specific RU layout depends on the starting subframe index, number of subcarriers of the RU and allocated number of RU(s). Taking TDD configuration 1 as an example, the RU layouts for different starting subframe index are shown in Figure 2. According to the existing HARQ timing, the starting subframe index for the allocated RU may be different and the RU layout is uncertain, i.e., the same RU may be mapped to continuous UL subframes or discontinuous UL subframes. The NPUSCH decoding performance may be fluctuated due to different RU layout. Joint channel estimation can be used for decoding of NPUSCH transmissions which is mapped to subframe #7 and #8 while only single subframe channel estimation can be considered for decoding of NPUSCH transmission which are mapped to subframe #3. Furthermore, uncertain RU layout is not beneficial for inter-cell interference coordination.
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(b)
Figure 2: RU examples with different starting subframe index
For TDD configuration 2 and 5, there is only one UL subframe in 5/10 ms period and there has no uncertain RU layout issue. But for TDD configuration 1 and 4, the RU layout may be different for allocated RU with different starting subframe index. Uncertain RU layout issue can be resolved by restricting the starting subframe index of the allocated RU. As shown in Figure 2, if the starting subframe index of a 6-tone RU is always in the first subframe of 5 ms period, cross-subframe channel estimation can be applied to all 6-tone RUs. Firstly, it is beneficial for RU decoding performance. Secondly, a more consistent RU decoding performance would be expected and the testing scenario will be significant reduced. Furthermore, the scheduling would be simpler due to the same starting subframe index of RUs. 

Proposal 3: For NPUSCH transmissions with 15 kHz subcarrier spacing in TDD configuration 1, 2, 4 and 5, RU definition in FDD is reused.

· Starting subframe index of RU should be restricted to certain subframe index for TDD configuration 1 and 4.

However, there have three continuous UL subframes for TDD configuration 3. If RU of 6 subcarriers by 2 ms is reused, even though the starting subframe index of RU is restricted to certain subframe index, decoding performance among different RUs may be inconsistent. New RU definition can be introduced in this case. Considering that number of subcarriers of 4 is not beneficial for coexistence with NPRACH,  new 
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can be introduced to align the RU time domain length with the number of continuous UL subframe in 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. Available RE numbers in the new defined RU is larger than 144, the eNB can adaptively adjust the MCS level. 
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(a) RU example of 6 subcarriers by 3 ms
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(b) RU example of 3 subcarriers by 6 ms
Figure 3: RU examples in TDD configuration 3 
Proposal 4: New RU definition is considered for TDD configuration 3.

· FFS: 3 subcarriers by 6 ms and 6 subcarriers by 3 ms

4 DMRS for TDD NB-IoT
UL DM-RS locations in Rel-13 NB-IoT are shown in Table 2. 

 Table 2 UL DM-RS for FDD NB-IoT

	NPUSCH format
	Values for 
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For NPUSCH format 1, 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, 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, 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.
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 6: For single tone RU in TDD NB-IoT, shorter Walsh sequence length for DM-RS needs to be considered.

5 NPRACH for TDD NB-IoT

5.1 5 kHz subcarrier spacing NPRACH
Regarding the subcarrier spacing, besides 3.75 kHz, 5 kHz has also been proposed. However, 5 kHz adds a new numerology beside existing 15 kHz and 3.75 kHz UL subcarrier spacing. This will increase both the UE implementation complexity and the specification efforts. What’s more, there is the co-existence issue with 15 kHz and 3.75 kHz NPUSCH, which could increase the eNB implementation complexity.

Also, since the symbol length corresponding to 5 kHz is 200 us, and the NPRACH CP need to support 266.7 us configuration, so two 5 kHz subcarrier spacing symbol need to be configured as CP. This will introduce two peak values at the eNB detector and will have negative impact to NPRACH TA estimation. Therefore, it is suggested that 5 kHz is not supported.  

Proposal 7: For TDD NPRACH, 5 kHz subcarrier spacing is not supported.

5.2 Choice for the number of back-to-back transmitted symbol groups

In Rel-13, NPRACH symbol group (SG) is continuous in time in FDD. However this is not possible in TDD since the UL and DL subframe(s) are interleaved. It has been shown that without back-to-back symbol groups transmission, the performance of TA estimation cannot be guaranteed [4]. Given the discussion in RAN1 #90bis, the choice of the number of symbol groups, G, is between 2 and 3. 

In Figure 5, we show the TA estimation comparison of G = 2 and G = 3. The simulation parameters are shown in Table A1 in the appendix. It can be seen that there is marginal difference of TA estimation result between these two choices.
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Figure 5: TA estimation result for G = 2 and G = 3
With similar TA estimation performance, the choice of G should be focus on overhead. Table 3 and Table 4 below show the CP+GP overhead various NPRACH design with G = 3 and G = 2.
Table 3 overhead for G = 3

	Case
	Subcarrier spacing(Hz)
	CP Length(us)
	Symbol Length(us)
	Symbol Num
	SG Length(us)
	SG Num
	GT Length(us)
	Preamble Length(us)
	CP+GT Overhead

	1
	3750
	266.7
	266.7 
	1
	533.4 
	3
	399.8
	2000 
	0.599 

	2
	3750
	266.7
	266.7 
	2
	800.0 
	3
	599.7
	3000 
	0.466 


Table 4 overhead for G = 2

	Case
	Subcarrier spacing(Hz)
	CP Length(us)
	Symbol Length(us)
	Symbol Num
	SG Length(us)
	SG Num
	GT Length(us)
	Preamble Length(us)
	CP+GT Overhead

	1
	3750
	266.7
	266.7 
	2
	800.0 
	2
	399.8
	2000 
	0.466 

	2
	3750
	266.7
	266.7 
	4
	1333.4 
	2
	333
	3000 
	0.288 


It can be seen for CP length of 266.7 us, G = 2 is a better choice from overhead perspective.

Proposal 8: For TDD NPRACH, one NPRACH transmission contains G = 2 continuous symbol groups. 

5.3 Choice for number of symbol groups in one preamble

To improve TA estimation accuracy we adopt the same two-level hopping scheme as in Rel-13, the first level is 3.75 kHz distance hopping while the second level hopping is 22.5 kHz. Considering the issue discussed in [5] about the hopping pattern’s effect on TA estimation, it is suggested both level hopping shall adopt the ‘good’ hopping pattern [5].

There could be three alternatives with G = 2 described as bellow:
· Alt 1: P = 4 and repetition with good hopping pattern

· Repetition times = 1
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Figure 6: Symbol group hopping pattern of Alt 1 with repetition times = 1

· Repetition times = 2
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Figure 7: Symbol group hopping pattern of Alt 1 with repetition times = 2

· Alt 2: P=4 and repetition with good hopping pattern

· Repetition times = 1
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Figure 8: Symbol group hopping pattern of Alt 2 with repetition times=1
· Repetition times = 2
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Figure 9: Symbol group hopping pattern of Alt 2 with repetition times=2
· Alt 3: P= 8 with good hopping pattern
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Figure 10: Symbol group hopping pattern of Alt 3 with repetition times=1
For Alt1, Figure 11 and Figure 12 below show the TA estimation performance comparison under different frequency offset residual(FOR) after frequency offset compensation(FOC).It can be seen that only for the case with FOR = [-10Hz, 10Hz], the performance can satisfy the TA estimation requirement.
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Figure 11 TA performance of Alt 1 with repetition times=1
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Figure 12 TA performance of Alt 1 with repetition times=2
For Alt 2 with repetition times = 1, due to the same symbol group hopping pattern with Alt 1, similar conclusion can be made which is only for the case with residue FOR = [-10Hz, 10Hz], the performance can satisfy the TA estimation requirement.

For Alt 2 with repetition times > 1, since good hopping pattern is used to adjacent two repetitions, the symbol group structure is the same as Alt3. The TA estimation performance is shown as Figure 13, and TA accuracy can maintain above 99% for 50Hz frequency offset residual.
For Alt 3, the TA estimation performance is shown as Figure 13, and TA accuracy can maintain above 99% for 50Hz frequency offset residual.
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Figure 13 TA performance of ALT 3 with repetition times=1
Based on the above simulation result and analysis, only Alt 3 with each repetition times can make TA accuracy above 99% for 50 Hz frequency offset residual. Thus, for TDD NPRACH, we suggest one NPRACH preamble contains P = 8 symbol groups.
Proposal 9: For TDD NPRACH, one NPRACH preamble contains P = 8 symbol groups. 

5.4 Consideration for TDD configuration 2 and 5

For TDD configuration 2 and 5, only one UL subframe is allowed.  For CP length = 66.7us and 266.7 us, the parameter for 2 symbol group structure are given in Table 5.
Table 5 Parameter for 2 symbol group structure
	scheme
	CP Length(us)
	Symbol Length(us)
	Symbol Num
	SG Length(us)
	SG Num
	GT Length(us)
	Preamble Length(us)
	CP+GT Overhead
	Subcarrier spacing(Hz)

	1
	266.7
	266.7 
	1
	533.4 
	2
	266.7
	1333.4 
	0.600 
	3750

	2
	66.7
	266.7 
	1
	333.4 
	2
	66.7
	733.4 
	0.273 
	3750


The structure of the symbol group is given in Figure 14.

[image: image27.emf]GP UpPTS

30720T

s

Subframe #2

1.33ms

S

S GT

DwPTS

CP

CP

GP UpPTS

30720T

s

Subframe #2

1ms

S

S GT

DwPTS

(a) CP Length 66.7us (b) CP Length 266.7us


Figure14 2SGs structure for TDD UL-DL configuration 2 or 5
From Figure 14 it can be found that for CP length 266.7 us, one UL subframe and part of the special subframe shall be used for NPRACH transmission. However, there are following issues:

(1) The overhead of CP+GT is larger than 60%;

(2) UpPTS need to support at least 333.4us,thus a new special subframe configuration need to be added;

(3) If there are SRS or PRACH Format 4 transmission in legacy LTE, collision could happen between NPRACH and these legacy transmission;

Based on the above analysis it is suggested that:

Proposal 10: For Inband/Guardband mode and TDD UL-DL configuration 2 and 5, CP length of 266.7 us is not supported.

Proposal 11: For standard mode, to support CP length 266.7 us, UpPTS needs at least 333.4 us, therefore a new DwPTS:Gap:UpPTS configuration is needed.
5.5 CP/GT configuration

To better utilize UL resource, the two symbol group back-to-back based TDD NPRACH needs to align with subframe boundary and the value chosen for CP and GT shall guarantee desired FDD NPRACH coverage.

For TDD NPRACH, at most there are three continuous UL subframes for two back-to-back symbol groups transmission. If the next subframe is DL subframe, the CP of the first symbol can also be used to transmit NPRACH. 

Proposal 12: For CP and GT value for the two back-to-back symbol groups, factors such as total available UL subframe number, extra usage in the CP range of the next data symbol need to be considered. 
6 Conclusions

In this contribution, we have discussed the uplink aspects for NPUSCH and NPRACH to support TDD NB-IoT. We make the following proposals:

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 multi-tone RU in TDD NB-IoT, 
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Proposal 3: For NPUSCH transmissions with 15 kHz subcarrier spacing in TDD configuration 1, 2, 4 and 5, RU definition in FDD is reused.

Proposal 4: New RU definition is considered for TDD configuration 3.

· FFS: 3 subcarriers by 6 ms and 6 subcarriers by 3 ms

Proposal 5: For TDD NB-IoT, 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.
Proposal 6: For single tone RU in TDD NB-IoT, shorter Walsh sequence length for DM-RS needs to be considered.

Proposal 7: For TDD NPRACH, 5 kHz subcarrier spacing is not supported.

Proposal 8: For TDD NPRACH, one NPRACH transmission contains G = 2 continuous symbol groups. 

Proposal 9: For TDD NPRACH, one NPRACH preamble contains P = 8 symbol groups. 

Proposal 10: For Inband/Guardband mode and TDD UL-DL configuration 2 and 5, CP length of 266.7 us is not supported.

Proposal 11: For standard mode, to support CP length 266.7 us, UpPTS needs at least 333.4 us, therefore a new DwPTS:Gap:UpPTS configuration is needed.
Proposal 12: For CP and GT value for the two back-to-back symbol groups, factors such as total available UL subframe number, extra usage in the CP range of the next data symbol need to be considered. 
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Appendix：NPRACH simulation assumptions 
Table A1: NPRACH link level simulation parameters

	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	35 km

	Timing uncertainty
	randomly selected from [0 MaxRTD], where MaxRTD is calculated according to the cell radius

	Frequency error
	100Hz

	Frequency drift
	22.5Hz/s

	Sample rate
	1.92MHz
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