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

· 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 It 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
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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.

· FFS: 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 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 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 4: 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 5: 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 6: For TDD NPRACH, 5 kHz subcarrier spacing is not supported.

5.2 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. 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. Note in the simulation, the number of symbols in one symbol group is same for G = 2 and G = 3.
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Figure 5 TA estimation result for G = 2 and G = 3
Observation 1: For NPRACH structure with G = 2 and G = 3 has similar TA estimation accuracy. 

Based on the above observation, both G = 2 and G = 3 can be considered.

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

We listed some candidates of TDD NPRACH preamble format:

Table 2 TDD NPRACH Preamble format for 1ms  UL subframe
	Type of CP
	Number of SGs for one preamble,P
	Number of Back-to-Back SGs,G
	Subcarrier spacing(Hz)
	Symbol Group Structure
	 GT Length(Ts)
	Length of Back-to-Back SGs

 (Ts)
	Length of Preamble

 (Ts)

	
	
	
	
	CP Length(Ts)
	Symbol Length(Ts)
	Number of Symbol per SG
	
	
	

	Short CP
	4
	2
	3750
	4780
	 8192
	1
	4776
	30720
	61440

	
	6
	3
	3750
	1536
	8192
	1
	1536
	30720
	61440


Table 3 TDD NPRACH Preamble format for 2 ms UL subframe

	Type of CP
	Number of SGs for one preamble,P
	Number of Back-to-Back SGs,G
	Subcarrier spacing(Hz)
	Symbol Group Structure
	 GT Length(Ts)
	Length of Back-to-Back SGs

 (Ts)
	Length of Preamble

 (Ts)

	
	
	
	
	CP Length(Ts)
	Symbol Length(Ts)
	Number of Symbol per SG
	
	
	

	Short CP
	4
	2
	3750
	4096
	 8192
	3
	4096
	61440
	122880

	
	6
	3
	3750
	3072
	8192
	2
	3072
	61440
	122880

	Normal CP
	4
	2
	3750
	9558
	8192
	2
	9556
	61440
	122880

	
	6
	3
	3750
	9216
	8192
	1
	9216
	61440
	122880


Table 4 TDD NPRACH Preamble format for 3 ms UL subframe

	Type of CP
	Number of SGs for one preamble,P
	Number of Back-to-Back SGs,G
	Subcarrier spacing(Hz)
	Symbol Group Structure
	 GT Length(Ts)
	Length of Back-to-Back SGs

 (Ts)
	Length of Preamble

 (Ts)

	
	
	
	
	CP Length(Ts)
	Symbol Length(Ts)
	Number of Symbol per SG
	
	
	

	Short CP
	4
	2
	3750
	3414
	 8192
	5
	3412
	92160
	184320

	
	6
	3
	3750
	4608
	8192
	3
	4608
	92160
	184320

	Normal CP
	4
	2
	3750
	8876
	8192
	4
	8872
	92160
	184320

	
	6
	3
	3750
	10752
	8192
	2
	10752
	92160
	184320


From Table 2 it can be seen that CP length for G = 3 is only 1536Ts in length, far less than 4780Ts which is the CP length when G = 2. Considering the coverage NPRACH needs to support, it is preferable to choose G = 2 for this case.

Since for G = 3 one symbol group is used as starting symbol group for both 3.75 kHz hopping and 22.5 kHz hopping, while for the case of G = 2, different symbol groups are used as starting symbol group for 3.75 kHz hopping and 22.5 kHz hopping, therefore in term of efficiency G = 3 maybe better.

However, the four symbol group structure of G = 2 is similar to FDD NPRACH which simplifies receiver implementation. Also, from table 2 and table 3, for a given UL subframe length, the preamble sequence symbol number in G = 2 preamble format is more than that of G = 3. For example with 2 ms UL subframe length, for the Normal CP case in table 2, there are 2*4 = 8 symbols carrying preamble sequence for G = 2, while there are 1*6 = 6 symbols carrying preamble sequence for G = 3 case. In term of effective preamble symbol number, G = 2 is preferable. 

 Proposal 7: For TDD NPRACH continuous UL subframe = 1 ms, use G = 2 for TDD NPRACH.
Proposal 8: For TDD NPRACH continuous UL subframe = 2, 3ms, use G = 2 and G = 3 for TDD NPRACH.
5.3 NPRACH hopping pattern for G=2

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.  For G = 2, P = 4 symbol groups can be used in one preamble.
· Repetition times = 1

As shown 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

· Repetition times >= 2

When repetition is used for preamble transmission, the residue CFO can be further reduced by choosing the opposite hopping direction in the preamble pair. This is extensively discussed in Rel-14 CR discussion [5]. For example, Figure 8 will have better performance [5] since the CFO can be easily canceled out using the two adjacent repetition.
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Figure 7 An example of bad hopping pattern for adjacent 8 SGs 
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Figure 8 An example of good hopping pattern for adjacent 8 SGs

Therefore, for the even number of repetition, for both 3.75 kHz and 22.5 kHz hopping, opposite hopping direction should be chosen (as opposed to the hopping direction in the odd repetition) to form ‘good hopping pattern’, as is shown in Figure 9.
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Figure 9 NPRACH hopping pattern for G=2, P=4, Repetition times=4
In Figure 10 and 11, we should the performance comparison between hopping based on such criteria (‘good hopping’) and without (‘bad hopping’). TA estimation performance comparison under different frequency offset residual(FOR) after frequency offset compensation(FOC) are shown in Figure bellow.It can be seen that only for the case with FOR = [-10 Hz, 10 Hz], the performance can satisfy the TA estimation requirement.
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Figure 10  TA performance with Bad hopping pattern, Repetition times = 2
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Figure 11 TA performance with Good hopping pattern, Repetition times=2

Observation 2: Cancelling the phase error from residue CFO via ‘good hopping’ can improvement NPRACH detection performance. 

The randomness of hopping is not affected by choosing the opposite hopping direction in the even number of repetition. In fact, simulation is performance to study if there is any effect and the result is shown in Table 5. In the table, ‘hopping pattern 1’ is the one that in both even and odd repetition, hopping direction is chosen randomly.  In ‘hopping patter 2’, hopping direction in the even repetition is chosen opposite to the one used in the odd repetition. Symbol group collision rate is shown in the table.  Result shows in general the collision rate is similar. More specifically, pattern 2 is better in term of no collision rate and 25% / 50% collision rate, while pattern 1 is slightly better the rest two cases. In general, the rate is very similar which shows randomness is not affected.

Table 5 NPRACH Collision Probability, G = 2, NPRACH repetition times = 2

	User Num/NPRACH subcarriers
	Hopping pattern
	Probability

	
	
	Ratio of collided SGs ,0%
	Ratio of collided SGs ,25%
	Ratio of collided SGs ,50%
	Ratio of collided SGs ,75%
	Ratio of collided SGs ,100%

	1/12
	 Pattern 1
	0.7093
	0.2525
	0.036
	0.0021
	0.0001

	
	 Pattern 2
	0.7160
	0.2385
	0.0411
	0.0043
	0.0001

	3/12
	Pattern 1
	0.3162
	0.4265
	0.2105
	0.0426
	0.0042

	
	Pattern 2
	0.3371
	0.3976
	0.2053
	0.0539
	0.0061

	6/12
	Pattern 1
	0.0616
	0.2557
	0.3786
	0.2435
	0.0606

	
	Pattern 2
	0.0756
	0.2452
	0.3508
	0.2489
	0.0795

	9/12
	Pattern 1
	0.0038
	0.0465
	0.2214
	0.4127
	0.3156

	
	Pattern 2
	0.0059
	0.0542
	0.2109
	0.3951
	0.3339


Observation 3:Similar randomization performance is achieved by choosing the opposite hopping direction in even number of repetition. 

Proposal 9: For G = 2, P = 4 symbol groups are used for NPRACH preamble. 

1) 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.

2) When NPRACH repetition is used, opposite hopping direction (as opposed to the hopping direction in the odd number repetition) is chosen for the even number of repetition. 
5.4 NPRACH hopping pattern for G=3

In this case P = 6 symbol groups are used in one preamble, as is shown in Figure 12. The hopping rule is similar to those used for G = 2. Specifically, the hopping distance between SG0 and SG1 is +/- 3.75 kHz, while the hopping distance between SG2 and SG1 is +/- 22.5 kHz, and the subcarrier index of SG2 and SG1 is assigned in relation to the subcarrier index of SG0. In other words, once the subcarrier index of SG0 is chosen, then the index for SG1 and SG2 are also decided. The subcarrier index of SG0 can be chosen cell specific randomly. 

For {SG3,SG4,SG5}, for both 3.75 kHz and 22.5 kHz hopping, opposite hopping direction should be chosen (as opposed to the hopping direction in {SG0, SG1, SG2}) to form ‘good hopping pattern’ 

The subcarrier index of SG4 and SG5 is assigned in relation to the subcarrier index of SG3. The subcarrier index of SG3 should be chosen randomly from which can form ‘good hopping pattern’ with {SG0, SG1, SG2}.
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Figure 12 hopping pattern for G = 3
When repetition is used, the index of the first G symbol groups in each repetition is chosen by cell specific random sequence. The index of second G symbol groups is chosen such that the hopping direction of the symbol groups is opposite to the hopping direction in the first G symbol groups. 

The possible impact on randomness is also studied and the result (in the Table 6) shows the impact is negligible. 

Table 6 NPRACH Collision Probability, G = 3, P = 6

	User Num/NPRACH subcarriers
	Hopping pattern
	Probability

	
	
	Ratio of collided SGs, 0%
	Ratio of collided SGs, 50%
	Ratio of collided SGs, 100%

	1/12
	 Pattern 1
	0.8393
	0.1548
	0.0059

	
	 Pattern 2
	0.8611
	0.1107
	0.0282

	3/12
	Pattern 1
	0.5611
	0.3732
	0.0657

	
	Pattern 2
	0.6099
	0.2745
	0.1156

	6/12
	Pattern 1
	0.2462
	0.5065
	0.2473

	
	Pattern 2
	0.3234
	0.3618
	0.3148

	9/12
	Pattern 1
	0.0621
	0.3641
	0.5738

	
	Pattern 2
	0.1136
	0.2743
	0.6121


Proposal 10: For G = 3, P = 6 symbol groups are used for NPRACH preamble. 

1) For each repetition, hopping distance between the 1st symbol group (SG) and 2nd SG is +/- 3.75 kHz, while hopping distance between 2nd SG and 3rd SG is +/- 22.5 kHz. 

2) For each repetition, hopping distance between the 4th SG and 5th SG is +/- 3.75 kHz, while hopping distance between 5th SG and 6th SG is +/- 22.5 kHz.

3) For each repetition, the subcarrier index of the 1st SG can be cell specifically random chosen

4) For each repetition, opposite hopping direction of each hopping distance (3.75 kHz and 22.5 kHz) should be used between the first back-to-back symbol groups and the second back-to-back symbol groups. 

6 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: For NPRACH structure with G=2 and G=3 has similar TA estimation accuracy. 

Observation 2: Cancelling the phase error from residue CFO via ‘good hopping’ can improvement NPRACH detection performance. 

Observation 3: Similar randomization performance is achieved by choosing the opposite hopping direction in even number of repetition. 

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.

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

Proposal 6: For TDD NPRACH, 5 kHz subcarrier spacing is not supported.

Proposal 7: For TDD NPRACH continuous UL  subframe = 1 ms,  use G = 2 for TDD NPRACH；
Proposal 8: For TDD NPRACH continuous UL  subframe = 2, 3 ms,  use G = 2 and G = 3 for TDD NPRACH；
Proposal 9: For G = 2, P = 4 symbol groups are used for NPRACH preamble. 

1) 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.

2) When NPRACH repetition is used, opposite hopping direction (as opposed to the hopping direction in the odd number repetition) is chosen for the even number of repetition. 

Proposal 10: For G=3, P=6 symbol groups are used for NPRACH preamble. 

1) For each repetition, hopping distance between the 1st symbol group (SG) and 2nd SG is +/- 3.75 kHz, while hopping distance between 2nd SG and 3rd SG is +/- 22.5 kHz. 

2) For each repetition, hopping distance between the 4th SG and 5th SG is +/- 3.75 kHz, while hopping distance between 5th SG and 6th SG is +/- 22.5 kHz.

3) For each repetition, the subcarrier index of the 1st SG can be cell specifically random chosen

4) For each repetition, opposite hopping direction of each hopping distance (3.75 kHz and 22.5 kHz) should be used between the first back-to-back symbol groups and the second back-to-back symbol groups. 

References
[1] 3GPP, RP-172063, Revised WID on Further NB-IoT enhancements, Huawei, RAN #77

[2] 3GPP, R1-1716941, Report of RAN1#90 meeting, ETSI
[3] 3GPP, R1-1719301, Report of RAN1#90bis meeting, ETSI  

[4] 3GPP, Draft Report of 3GPP TSG RAN WG1 #91, v0.1.0

[5] 3GPP, R1-1717193, Improved frequency hopping randomization for NPRACH, ZTE, RAN1 #90bis

_1234567893.vsd
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


0


1


2


3


4


5


6


7


8


9


10ms



_1234567897.unknown

_1234567901.vsd
Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


SC 0


SC 1


SC 2


SC 3


SC 4


SC 5


SC 6


SC 7


SC 8


SC 9


SC 10


SC 11


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 0


SG 1


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 2


SG 3


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


3.75kHz


1st Cell-specific random selection


22.5kHz


2nd Cell-specific random selection



_1234567903.vsd
Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 0


SG 1


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 2


SG 3


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


3.75kHz


22.5kHz


1st Cell-specific random selection


2nd Cell-specific random selection


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 4


SG 5


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 6


SG 7


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Good hopping pattern


Good hopping pattern


1st Repetition 


2nd Repetition 


3.75kHz


SC 0


SC 1


SC 2


SC 3


SC 4


SC 5


SC 6


SC 7


SC 8


SC 9


SC 10


SC 11


22.5kHz



_1234567904.vsd
Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 0


SG 1


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 2


SG 3


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


3.75kHz


1st Cell-specific random selection


22.5kHz


2nd Cell-specific random selection


Index 10


Index 10


Index 11


Index 8


Index 9


Index 11


Index 8


Index 9


Index 6


Index 7


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


Index 4


Index 5


Index 2


Index 3


SG 8


SG 9


Index 10


Index 11


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


SG 4


SG 5


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 6


SG 7


SG 10


Index 4


SG 11


Index 5


Index 2


Index 4


Index 3


Index 5


Index 10


Index 2


Index 11


Index 3


Index 8


Index 10


Index 9


Index 11


Index 6


Index 8


Index 7


Index 9


Index 6


Good hopping pattern


Index 7


3.75kHz


22.5kHz


22.5kHz


3rd Cell-specific random selection


4th Cell-specific random selection


Index 10


Index 11


Good hopping pattern


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 12


SG 13


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 14


SG 15


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


22.5kHz


Good hopping pattern


Good hopping pattern


1st Repetition 


2nd Repetition 


3rd Repetition 


4th Repetition 


3.75kHz


3.75kHz



_1234567905.vsd
Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


SC 0


SC 1


SC 2


SC 3


SC 4


SC 5


SC 6


SC 7


SC 8


SC 9


SC 10


SC 11


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 0


SG 1


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


SG 2


Cell-specific random selection


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 3


SG 4


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


SG 5


Good hopping pattern



_1234567902.vsd
Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 0


SG 1


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 2


SG 3


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


3.75kHz


22.5kHz


1st Cell-specific random selection


2nd Cell-specific random selection


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 11


Index 10


Index 9


Index 8


Index 7


Index 6


Index 5


Index 4


Index 3


Index 2


Index 1


Index 0


SG 4


SG 5


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Index 4


Index 5


Index 2


Index 3


Index 0


Index 1


Index 1


Index 0


SG 6


SG 7


Index 4


Index 5


Index 2


Index 3


Index 10


Index 11


Index 8


Index 9


Index 6


Index 7


Bad hopping pattern


Bad hopping pattern


1st Repetition 


2nd Repetition 


3.75kHz


SC 0


SC 1


SC 2


SC 3


SC 4


SC 5


SC 6


SC 7


SC 8


SC 9


SC 10


SC 11


22.5kHz



_1234567899.unknown

_1234567900.vsd
D


S


U


U


D


D


S


U


U


D


frame


D


S


U


U


D


D


S


U


U


D


 frame



_1234567898.unknown

_1234567895.vsd
D


S


U


U


U


D


S


U


U


D


D


S


U


U


U


D


S


U


U


D


0


1


2


3


4


5


6


7


8


9


10ms



_1234567896.unknown

_1234567894.vsd
D


S


U


U


U


D


S


U


U


D


0


1


2


3


4


5


6


7


8


9


10ms


D


S


U


U


U


D


S


U


U


D


D


S


U


U


U


D


S


U


U


D



_1234567891.vsd
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



_1234567892.vsd
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



_1234567890.vsd
D


S


U


U


U


D


D


D


D


D


1ms


0


1


2


3


4


5


6


7


8


9


frame n


D


S


U


U


U


D


D


D


D


D



