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In RAN1 #90b, the following agreement was made [1].
	Agreements:
· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.
· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· 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
· 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
· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions
· FFS details


This contribution provides our views on the remaining issues of the UL aspects of NB-IoT TDD.
2.	NPRACH Design
For FDD NB-IoT, the preamble consists of 4 consecutive symbols groups. Two preamble formats can be applied for symbols group as shown in Table. 1. The duration of a preamble is either 5.6 ms or 6.4 ms depending on the preamble format. However, in TDD it is impossible to find consecutive UL symbols whose duration is longer than 5ms. This means the preamble design in FDD NB-IoT cannot be directly applied for TDD case. Therefore, instead of attempting to reuse FDD preamble structure, it is better to have a new preamble design for NPRACH.
It is preferable to introduce a common PRACH design that can be applied under any TDD configurations. As one alternative, the UpPTS within one special subframe together with the adjacent UL subframe can be jointly used for NPRACH transmission. As list in Table. 2, the minimum number of UL symbol within UpPTS is one. Thus, we have a total time 2192Ts + 30720Ts=32912Ts for this 1-symbol UpPTS case. Despite four 3.75kHz-symbols can be inserted within this time duration, the left time (32912Ts-8192*4Ts=144Ts) is not enough for CP and let alone the guard period.
Consequently, it is more favorable to use the 2-symbol UpPTS case. For the 2-symbol UpPTS case, we have 2*2192Ts + 30720Ts=35104Ts for NPRACH transmission. After subtracting the length of four 3.75kHz-symbols, we still have 2336Ts (35104Ts-8192*4Ts=2336Ts) which can be used for CP. 
Table 1. Random access preamble parameters
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Table 2. Configuration of special subframe (lengths of DwPTS/GP/UpPTS)
	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink

	0
	

	

	

	

	

	


	1
	

	
	
	

	
	

	2
	

	
	
	

	
	

	3
	

	
	
	

	
	

	4
	

	
	
	

	

	


	5
	

	

	

	

	
	

	6
	

	
	
	

	
	

	7
	

	
	
	

	
	

	8
	

	
	
	-
	-
	-

	9
	

	
	
	-
	-
	-

	10
	

	

	

	-
	-
	-



Proposal 1: UpPTS together with its adjacent UL subframe can be used for NPRACH transmission, if the number of symbols in UpPTS > 1.
Besides, for FDD NB-IoT, the NPRACH resources in time domain are configured by a periodicity and an offset, which both use ms as the granularity. The granularity of periodicity can be further translated as the radio frame periodicity, and the offset means the subframe shift within one periodicity. 
However, we cannot directly reuse this configuration method for TDD NB-IoT. The subframe offset used for FDD NB-IoT may not correspond a UL subframe under TDD case. Therefore, at least we should modify the configuration for the offset of TDD NPRACH. A preferable way is to set the NPRACH transmission at some fixed UL subframes, e.g., the 2nd subframe or the 7th subframe within a radio frame or the 1st subframe or the 6th subframe within a radio frame if UpPTS for NPRACH is allowed. With this assumption, we can use radio frame or half radio frame as the granularity for the offset indication of TDD NPRACH resource. Afterwards, we can further polish the supported values for this offset.
Proposal 2: Support fixed subframe location (s) for TDD NPRACH.
3.	NPUSCH Design
Both single-tone (3.75/15 kHz) and multi-tone are supported for NPUSCH in FDD NB-IoT. For the consideration of flexible resource scheduling, TDD NB-IoT could also have the same scheme. 
For 3.75 kHz subcarrier spacing, the slot duration is 2ms in FDD NB-IoT which includes 7 symbols. However, not all legacy uplink-downlink configurations can satisfy the requirement of having two consecutive UL subframes, e.g., configuration 2 and 5. Therefore, a new slot structure should be considered for 3.75 kHz case, whose slot duration is less than 2ms and can be applied under all legacy uplink-downlink configurations.
Another critical issue is how to make good use of special subframe, especially for the UL part. Admittedly, the number of UL symbols in special subframe is limited, e.g., 1 or 2 UL symbols, which could cause some problem for utilization of 3.75 kHz subcarrier spacing. However, it is not a good reason to abandon the special subframe for the usage of TDD NB-IoT. For higher efficiency of resource utilization, it is also recommended to study the new slot structure for NPUSCH by taking the UL symbols in special subframe into account. 
Proposal 3: Support UpPTS for NPUSCH transmission in TDD NB-IoT.
3.	ACK/NACK Timing Design
In FDD NB-IoT, taking 15 kHz subcarrier spacing as an example, the ACK/NACK for NPDSCH starts after the end of DL subframe n+k0-1 where n is the ending subframe of NPDSCH and k0 is chosen from the set {13, 15, 17, 18} and is jointly indicated with subcarrier allocation in the DCI. The resulting ACK/NACK timing is illustrated in Figure 1.


[bookmark: _Ref477278869]Figure 1 ACK/NACK timing for FDD NB-IoT (15 kHz subcarrier spacing)
The above design has the following characteristics/benefits:
· k0 >= 13. This ensures a time gap of at least 12 ms between the end of NPDSCH and the start of ACK/NACK transmission for a low complexity UE to process NPDSCH;
· There is a difference of 2 ms between k0 = 13 and k0 = 15, and between k0 = 15 and k0 = 17. This makes it possible to multiplex ACK/NACKs for different UEs in the time domain where each RU has a duration of 2 ms;
· There are both even and odd values of k0 in the set. This makes it possible to multiplex ACK/NACKs for different UEs in the frequency domain, even when the corresponding NPDSCHs have a difference of odd subframes in “n”.
In TDD NB-IoT, unlike in FDD, there could be multiple DL subframes ahead of a UL subframe. If the design of ACK/NACK timing in FDD is fully reused, and if subframe n+k0-1 falls in any of these DL subframes (or even in a UL subframe which is not immediately followed by any NB-IoT UL slot), then the ACK/NACK starting time will be the same UL subframe, i.e. there may be a many-to-one mapping between n+k0-1 and the starting time of ACK/NACK transmission. See Figure 2 for an illustration (taking UL/DL configuration 4 as an example).


[bookmark: _Ref498433233]Figure 2 Mapping from n+k0-1 to starting time of ACK/NACK transmission if the ACK/NACK timing for FDD is fully reused in TDD (15 kHz subcarrier spacing)
The main drawback of reusing the FDD scheme in TDD is that ACK/NACKs for different UEs can hardly be multiplexed in the time domain by assigning different values of k0 to these UEs. For instance, in the example in Figure 2, suppose n+13-1 falls in subframe 3 of SFN x, it makes no difference in assigning a k0 value of 13/15/17/18 in the DCI.
In order to achieve time domain multiplexing in TDD, the delay with respect to subframe n can be broken into two parts (again, taking 15 kHz subcarrier spacing as an example): a 12-ms delay for UE processing of NPDSCH, and an additional time offset chosen from the set {0 ms, 2 ms, 4 ms, 5 ms}. Calculation of the 12-ms delay can be the same as in FDD, and calculation of the additional time offset (including the starting position of time offset 0, and the values in the set) should only count UL subframes.
Proposal 4: In TDD NB-IoT, calculation of the ACK/NACK time offset (i.e. {0 ms, 8 ms} for 3.75 kHz subcarrier spacing and {0 ms, 2 ms, 4 ms, 5 ms} for 15 kHz subcarrier spacing) should only count UL subframes.

1. Conclusion
In this contribution, we have the following proposals:
Proposal 1: UpPTS together with its adjacent UL subframe can be used for NPRACH transmission, if the number of symbols in UpPTS > 1.
Proposal 2: Support fixed subframe location (s) for TDD NPRACH.
Proposal 3: Support UpPTS for NPUSCH transmission in TDD NB-IoT.
Proposal 4: In TDD NB-IoT, calculation of the ACK/NACK time offset (i.e. {0 ms, 8 ms} for 3.75 kHz subcarrier spacing and {0 ms, 2 ms, 4 ms, 5 ms} for 15 kHz subcarrier spacing) should only count UL subframes.
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