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In RAN1 #90bis meeting, the following agreements were reached for TDD uplink aspects.
Agreements:
· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.
· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD
· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD
· This needs to take into consideration the co-existence of NPRACH and NPUSCH.


In RAN1#91, the following agreements are reached for NPUSCH.

Agreement
For NPUSCH in NB-IoT TDD:
· For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FFS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).

In RAN1#92, the following agreements are reached for NPRACH.

Agreement
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
In RAN1#92bis, the following agreements are reached on TDD uplink aspects.
Agreement
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
	√
	
	
	√
	


Agreement
· 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 


Table 16
· 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


Table 17

· 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 18 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 19 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，


Agreement
For NPUSCH transmission with 15 kHz subcarrier spacing, the number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6 and 12.
· RU length reuses FDD
Agreement
· For TDD NB-IoT with 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.
· The previous agreement above refers to NPUSCH format 1
Agreement
· 3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.
[bookmark: _Ref129681832]In this contribution, the uplink for TDD NB-IoT will be discussed further. 
NPRACH
Frequency hopping pattern
In RAN1#92bis, the frequency hopping pattern within G symbol is agreed. The open issue is that the details of cell-specific pseudo-random frequency hopping between different G symbols and between different repetition units are FFS.
In Rel-13/14 FDD, cell-specific pseudo-random frequency hopping is used between different repetition units. As shown below, the pseudo random generator is initialized with . The frequency location of first symbol group within each repetition unit is determined by initial selected subcarrier  and f(.). The symbol ‘t’ denotes repetition index. The cell-specific pseudo-random frequency hopping related part is extracted as the following: 



	10.1.6	Narrowband physical random access channel(TS 36.211)
…
The frequency location of the NPRACH transmission is constrained within  sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of the ith symbol group is given by  where  and 



where  with  being the subcarrier selected by the MAC layer from , and the pseudo random sequence  is given by clause 7.2. The pseudo random sequence generator shall be initialised with .

	



Format 0, 1, and 2
[bookmark: OLE_LINK15]For cell-specific pseudo-random frequency hopping between different G symbols, the pseudo random generator can reuse FDD, i.e. the pseudo random generator is initialized with .
Proposal 1: For TDD NPRACH formats 0, 1 and 2, the pseudo random generator used for cell-specific pseudo-random frequency hopping reuses FDD, i.e. the pseudo random generator is initialized with .
When repetition number = 1, the frequency location calculation rule of first symbol group within each G symbol groups can also reuse FDD, i.e. the frequency location of first symbol group within each G symbol groups is determined by initial selected subcarrier  and f(.). The symbol ‘t’ denotes G index.
[image: ]
Figure 1 An example of G index numbering for format 0, 1 and 2 when repetition number = 1
An example of frequency hopping formula is summarized as following for format 0, 1 and 2 when repetition number = 1.



When repetition number >= 2, according to the agreement, the frequency location of symbol groups in even preamble repetition units is associated with that in odd preamble repetition units. As shown in Figure 2, “f” denotes the frequency location of the first symbol group within G symbol groups. “f = all” means that f can be any value within the frequency hopping range, i.e. 12 subcarriers. For odd preamble repetition unit, f = all. For even preamble repetition unit, the value of “f” depends on the odd preamble repetition unit. For example, if f = even in G index = 0, then f = odd in G index = 0. If f = odd in G index = 0, then f = even in G index = 0. if f < 6 in G index = 1, then f >= 6 in G index = 3. If f >=6 in G index = 1, then f <6 in G index = 3. 
[image: ]
[bookmark: _Ref513458285][bookmark: _Ref513458280]Figure 2 An example of frequency hopping for format 0, 1 and 2 when repetition number >= 2
Based on the above analysis, the frequency location calculation rule of first symbol group within each G symbol groups can also reuse FDD, i.e. the frequency location of first symbol group within each G symbol groups is determined by initial selected subcarrier   and f(.). The symbol ‘t’ denotes G index. The difference is that for odd preamble repetition unit the modulus is  and for odd preamble repetition unit the modulus is .
An example of frequency hopping formula is summarized as following for format 0, 1 and 2 when repetition number >= 2. 



[bookmark: OLE_LINK9][bookmark: OLE_LINK16]Proposal 2: For TDD NPRACH formats 0, 1 and 2, when repetition number = 1, the proposed frequency location calculation rule is as following.



Proposal 3: For TDD NPRACH formats 0, 1 and 2, when repetition number >= 2, the proposed frequency location calculation rule is as following.



[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1815][bookmark: OLE_LINK1816]For format 0-a and 1-a
 For cell-specific pseudo-random frequency hopping between different G symbols, the pseudo random generator can reuse FDD, i.e. the pseudo random generator is initialized with .
Proposal 4: For TDD NPRACH formats 0-a and 1-a, the pseudo random generator used for cell-specific pseudo-random frequency hopping can reuse FDD, i.e. the pseudo random generator is initialized with .
The frequency location calculation rule of first symbol group within each G symbol groups can also reuse FDD, i.e. the frequency location of first symbol group within each G symbol groups is determined by initial selected subcarrier  and f(.). The symbol ‘t’ denotes G symbol group index. As shown in Figure 2, the G symbol group index uses consecutive numbering from 0 within all repetitions.
[image: ]
[bookmark: _Ref513227742]Figure 2 An example of G symbol group index numbering for format 0-a and 1-a

An example of frequency hopping formula is summarized as following for format 0-a and 1-a.



Proposal 5: For TDD NPRACH formats 0-a and 1-a, the proposed frequency location calculation rule is as following.



Configuration
For UL:DL configuration #3, there are three consecutive uplink subframes. In format 0 and format 0-a, G symbol groups followed by a guard time fit into one uplink subframe. In format 2, G symbol groups followed by a guard time fit into three uplink subframes. So for UL:DL configuration #3, format 0, format 0-a and format 2 can be supported.
Proposal 6: Format 0, format 0-a and format 2 can be configured in UL:DL configuration #3.
In [2], most NPRACH configuration parameters’ name and value range are agreed. But the value range of some time domain configuration parameters are FFS.
· numRepetitionsPerPreambleAttempt, number of NPRACH repetitions per attempt
In FDD, the number of valid symbols(i.e. CP is not included) within the preamble is 20. The value range is {1, 2, 4, 8, 16, 32, 64, 128}. In TDD, the number of valid symbols within the preamble is 4~16. In the worst case, the repetition should be at least extended to 128*(20/4) = 640. Considering some margin, 1024 is preferred. So the proposed value range for TDD is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.
· nprach-Periodicity, periodicity of an NPRACH resource
In TDD, the proposed largest preamble repetition number is 1024. The longest duration is better to not exceed the boundary of hyper frame. So the proposed value range is {80, 160, 320, 640, 1280, 2560, 5120, 10240}ms.
· nprach-StartTime, start time of the NPRACH resource in one period
[bookmark: OLE_LINK31]In TDD, the value of start time can be integral multiples of frame. The start subframe within the frame can  be specified to the first uplink subframe, i.e. subframe 2. The starting time of the NPRACH period should be able to support TDM between different NPRACH resources as much as possible. The possible durations of NB-PRACH transmission are 10ms*{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024} or 20ms*{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}. The integral multiples of hyper frame is equivalent 0ms. So the proposed value range is {10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120}ms.
Proposal 7: For TDD NPRACH, the proposed configuration parameters are as following.
· numRepetitionsPerPreambleAttempt, the value range is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}
· nprach-Periodicity, the value range is {80, 160, 320, 640, 1280, 2560, 5120, 10240}ms
· nprach-StartTime, the value range is {10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120}ms
In Rel-14 NB-IoT, SIB22-NB configures the valid downlink subframes on each non-anchor carrier for RACH or paging. In the updated WID [1], non-anchor carrier operation for paging and random access is also supported in TDD NB-IoT. So valid DL/UL/special subframes should also be signalled in SIB22-NB for non-anchor carriers for paging and RACH.
Proposal 8: TDD NPRACH resources can be configured on multiple non-anchor carriers by SIB.
Proposal 9: Valid DL/UL/special subframes are signaled in SIB22-NB per non-anchor carrier for paging and RACH.

NPUSCH
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1#91, for FDD the enhanced random access power control was agreed to alleviate blocking interference issue at the eNB receiver. In TDD, the same enhanced power control mechanism can be used. Otherwise, the same blocking interference issue will happen. 
Proposal 10: In TDD, define the same enhanced random access power control mechanism as FDD.
Conclusions
In this contribution, designs of NPRACH and NPUSCH were discussed for TDD NB-IoT, and the following proposals are made:
Proposal 1: For TDD NPRACH formats 0, 1 and 2, the pseudo random generator used for cell-specific pseudo-random frequency hopping reuses FDD, i.e. the pseudo random generator is initialized with .
Proposal 2: For TDD NPRACH formats 0, 1 and 2, when repetition number = 1, the proposed frequency location calculation rule is as following.



Proposal 3: For TDD NPRACH formats 0, 1 and 2, when repetition number >= 2, the proposed frequency location calculation rule is as following.



Proposal 4: For TDD NPRACH formats 0-a and 1-a, the pseudo random generator used for cell-specific pseudo-random frequency hopping can reuse FDD, i.e. the pseudo random generator is initialized with .
Proposal 5: For TDD NPRACH formats 0-a and 1-a, the proposed frequency location calculation rule is as following.



Proposal 6: Format 0, format 0-a and format 2 can be configured in UL:DL configuration #3.
Proposal 7: For TDD NPRACH, the proposed configuration parameters are as following.
· numRepetitionsPerPreambleAttempt, the value range is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}
· nprach-Periodicity, the value range is {80, 160, 320, 640, 1280, 2560, 5120, 10240}ms
· nprach-StartTime, the value range is {10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120}ms
Proposal 8: TDD NPRACH resources can be configured on multiple non-anchor carriers by SIB.
Proposal 9: Valid DL/UL/special subframes are signaled in SIB22-NB per non-anchor carrier for paging and RACH.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 10: In TDD, define the same enhanced random access power control mechanism as FDD.
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