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Introduction
In RAN1#92 meeting, the following agreements for uplink design of NB-IoT TDD were reached [1]. 
Agreement
· NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
· [bookmark: _GoBack]NPRACH symbol duration is 266.67us.

Agreement
· 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



In this contribution, we continue to discuss the remaining design details of NPRACH and NPUSCH.
NPRACH
For NPRACH, the remaining issues are the symbol group frequency hopping pattern for different NPRACH formats. The agreed NPRACH formats can be classified into two groups, i.e., the first group with format 0, 1, 2 with G=2 and P=4 and the second group with format 0-a and 1-a with G=3 and P=6. To minimize the specification work it is desirable to have only one hopping pattern for each of the two groups instead of defining five different hopping patterns. 
Figure 1 shows the hopping design across two back-to-back transmission for G=2 and 3, respectively. In case of G equal to 2, one tone hopping is applied for the first back-to-back transmission, and the 6 tones hopping is then used for the next back-to-back transmission. A pseudo random hopping is used between discontinuous symbol groups, e.g., between the 2nd and 3rd symbol group for inter-cell interference randomization. For G=3, since the number of symbols per symbol group is one it is preferable not to have the hopping between the first and second symbol group in order to facilitate frequency offset estimation. The hopping between the 2nd and 3rd symbol group per back-to-back transmission can alternate between 3.75 kHz or 22.5 kHz.
[image: ]
Figure 1: NPRACH hopping pattern for NB-IoT TDD
Proposal 1: For frequency hopping of NPRACH Format 0-a and 1-a (i.e. G=3 and P=6)
· No hopping between the first and second symbol group of each G symbol groups
· 1 tone hopping is applied for the second and third symbol group of the first G groups
· 6 tone hopping is applied for the second and third symbol group of the second G groups

Proposal 2: For frequency hopping of NPRACH Format 0, 1 and 2 (i.e. G=2 and P=4)
· 1 tone hopping is applied for the first G symbol groups
· 6 tone hopping is applied for the second G symbol groups

Proposal 3: Cell specific pseudo hopping is applied for the non-continuous NPRACH symbol groups.
NPUSCH
Support of 3.75 kHz tone spacing
For 3.75 kHz tone spacing, the agreement is to support it for TDD configuration #1 and #4 and FFS for TDD configuration #3. The slot duration of 3.75 kHz tone spacing is 2ms. If 3.75kHz subcarrier spacing is supported for TDD configuration #3 for which there are 3 continuous UL subframes per radio frame, it can be seen that the fourth symbol will be truncated due to across two discontinuous UL subframes. No DMRS symbol is found in the first subframe. This will significantly degrade NPUSCH performance. Although it is possible to use only two subframes of the three UL subframes for 3.75kHz tone spacing, there is a waste of uplink resources. It is therefore not preferable to support 3.75kHz tone spacing for TDD configuration #3.
[image: ]
Figure 2: The slot structure of 3.75kHz subcarrier spacing
Proposal 4: 3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.

RU size for 15kHz tone spacing
In RAN1#91, it was stated that “The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FSS”. One option is to reuse the number of subcarriers and RU length as supported for FDD, but the potential issue is that one RU may be mapped to discontinuous UL subframes. This may degrade NPUSCH performance especially when NPUSCH is transmitted without repetition since cross subframe channel estimation cannot be used for the discontinuous subframe. Another option is to design a new RU to better fit in 3 continuous UL subframe, i.e., 4 subcarriers with RU length of 3ms [3]. However, since there might be different views, we can simply to support both options for TDD configuration #3. 
Proposal 5: The number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6, 12 and 4.

Non-anchor carrier for msg3 transmission
For FDD, the transmission of NPRACH and msg3 are always on the same carrier. For TDD, the transmission duration of NPRACH could be much larger due to limited number of UL subframes. For some NPRACH configurations, e.g., a large number of repetitions and opportunities, it is most likely that NPRACH will use all the UL subframes during the configured period. For example, assuming TDD UL/DL configuration #5 and a preamble repetition requires to be transmitted in 20ms, the time duration of a NPRACH with 64 repetitions is supported to be 64x2=1280ms. For NPRACH periodicity less than 1280ms it is not supported for TDM of NPRACH and NPUSCH. If the multi-tone transmission is configured for msg3, such as 12-subcarriers then there is not resource to transmit the msg3 on the same carrier as NRACH. Therefore, the transmission of the msg3 on a different carrier than NPRACH shall be allowed for NB-IoT TDD in order to reduce the msg3 transmission latency. 
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Proposal 6: The msg3 can be transmitted on a different carrier than NPRACH for NB-IoT TDD.
Conclusions
In this contribution, we discussed the UL design aspects of NB-IoT. We made the following proposal:
Proposal 1: For frequency hopping of NPRACH Format 0-a and 1-a (i.e. G=3 and P=6)
· No hopping between the first and second symbol group of each G symbol groups
· 1 tone hopping is applied for the second and third symbol group of the first G groups
· 6 tone hopping is applied for the second and third symbol group of the second G groups

Proposal 2: For frequency hopping of NPRACH Format 0, 1 and 2 (i.e. G=2 and P=4)
· 1 tone hopping is applied for the first G symbol groups
· 6 tone hopping is applied for the second G symbol groups

Proposal 3: Cell specific pseudo hopping is applied for the non-continuous NPRACH symbol groups.
Proposal 4: 3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.
Proposal 5: The number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6, 12 and 4.
Proposal 6: The msg3 can be transmitted on a different carrier than NPRACH for NB-IoT TDD.
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