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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]On design target of physical channels for TDD NB-IoT, the following agreements are made in 3GPP TSG RAN1 Meeting #90 as,
Agreements:
· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).
· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target
· For evaluations, the FDD numbers of repetitions for physical channels are assumed 
· FFS the noise figure (eNB and UE) which will be assumed
· The 2.6 GHz TDD band is prioritized for evaluations
· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed
· Targets of latency and capacity may be relaxed for TDD NB-IoT.

In this contribution, UL channels, including NPRACH and NPUSCH are discussed in this paper. 
2. NPUSCH
In FDD NB-IoT system, 15kHz and 3.75kHz subcarrier spacing are supported for NPUSCH format 1 and format 2. 3.75kHz subcarrier spacing has 2ms slot and is used for the UE in extreme coverage. However, for TDD NB-IoT system, if following LTE UL/DL configuration, in some configurations, there is no two continuous uplink subframe to transmit one slot for 3.75kHz. For example, in UL/DL configuration 2 and 5, the continuous uplink transmission time (S+U) is less than 2ms. In order to support 3.75kHz subcarrier spacing, uplink frame structure needs to be redefined. Considering the specification effort and the benefit, 3.75kHz is not preferred for TDD NB-IoT. 
Observation #1: The continuous uplink subframes are not enough to support the transmission of one slot with 3.75kHz subcarrier spacing, with some LTE UL/DL configurations.
It may be questioned, whether the MCL target of 164dB can be reached with subcarrier spacing of 15kHz, if 3.75kHz is not supported by TDD NB-IoT. In Table 1, we show the MCL that can reached with 15kHz subcarrier spacing for both the uplink channels, NPUSCH format 1 and format 2. The required SINR is set according to RAN4 requirements in [2]. It is shown that for NPUSCH format 1, subcarrier spacing 15kHz is enough to reach 164dB MCL, by single-tone transmission with 64 repetitions. For NPUSCH format 2, it can be inferred that the target MCL of 164dB can also be covered with 15kHz by repeating 128 times. In general, 3.75kHz subcarrier spacing is not essential for MCL target, and 15kHz is enough.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation #2: 3.75kHz subcarrier spacing is not essential for the targeting MCL of 164dB for both of uplink channels, NPUSCH format 1 and format 2.

Table 1 MCL calculation for NB-IoT 
	Physical channel name
	NPUSCH format 1
	NPUSCH format 2

	Transmission configuration
	15kHz, single-tone, 
	15kHz, 

	(1) Tx power (dBm)
	23
	23

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	15000
	15000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5)) (dBm)
	-127.2
	-127.2

	(7) Required SINR (dB)
	-12.6
	-9.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-139.8
	-136.7

	(9) Rx processing gain
	3
	3

	(10) MCL = (1) (8) + (9) (dB)
	165.8
	162.7



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal #1: 3.75kHz subcarrier spacing for NPUSCH is not supported in Rel-15 for TDD NB-IoT system. 
For NPUSCH format 1, besides subcarrier spacing, the support of single-tone and multi-tone should also be reviewed for TDD. As analyzed before, single tone with 15kHz subcarrier spacing should be supported for targeted MCL of 164dB. As for multi-tone transmission, it is better to choose the number of tones with proper length of resource unit that could fit into the UL/DL configurations. For example, the resource unit with 3-tone is 4 ms. The number of continuous uplink subframes with any UL/DL configuration is no more than 3. The transmission of each resource unit with 3-tone will be inserted with several downlink subframes, which increases the latency. Compared with 3-tone, 4-tone is preferred, with similar coverage and spectrum efficiency. The resource unit with 4-tone is 3ms, which can fit into most of UL/DL configurations, if UpPTS in special subframe can also be used for NPUSCH. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal #2: Support both single tone and multi-tone transmission for TDD NPUSCH, and support 4-tone instead of 3-tone for multi-tone transmission.
For 15kHz subcarrier spacing, RU is defined as 2ms for NPUSCH format 2 with one subcarrier spacing. If UL/DL configuration 2 and 5 are supported, as discussed in [3], it is better to transmit on UpPTS in special subframe and one UL subframe at least in some special subframe configurations. In FDD NB-IoT, at least 12ms are guaranteed to prepare HARQ-ACK for NPDSCH. DCI indicate 2 or 4 values for the time domain resource for NPUSCH format 2. The intention to introduce more values is for scheduling flexibility. Another intention is to try to align HARQ-ACK transmissions from multiple UEs to improve spectral utilization. TDD NB-IoT may follow similar principle. The first valid UL subframe after 12ms can be used to transmit NPUSCH format 2. However, in TDD system, NPUSCH format 2 is easier to be aligned. Therefore, the dynamic indication for NPUSCH format 2 is not needed. Alternatively, larger time granularity, e.g., 5ms or 10ms is proper for TDD system. 
Proposal #3: NPUSCH format 2 is transmitted from the first valid UL subframe after 12ms.
In TDD system, both UL and DL subframes are less than FDD because it only occupies half spectrum. As discussed in [4], two carriers are needed for TDD NB-IoT system. As a result, we also have two uplink carriers. On the other hand, in order to improve spectrum utilization and reduce eNB scheduling complexity, HARQ-ACK can be transmitted on a dedicated carrier. One carrier can provide HARQ-ACK feedback from 12 UEs assuming 15kHz subcarrier spacing. The other carrier can be used for transmission of NPUSCH format 1. Especially for the UEs in good coverage, it is easier to find uplink subframe with 12 subcarriers to provide a higher data rate. 
Proposal #4: Consider to support UCI transmission on a dedicated carrier, which can be different from NPUSCH format 1.
3. NPRACH
In FDD NB-IoT system, NPRACH is based on single-subcarrier frequency-hopping symbol groups, where a symbol group consists of a cyclic prefix and a sequence of 5 identical symbols. Two frequency hopping distances are introduced between four symbols groups, i.e., 3.75kHz and 22.5kHz, to provide a decent accuracy of timing advance and support a larger cell range. NPRACH can repeat several times without gaps to provide a larger coverage. 
[bookmark: OLE_LINK3]In TDD system, the system cannot provide such long consecutive uplink transmission, at least for in-band and guard-band mode. Therefore, discontinuous NPRACH needs to be introduced. One simplest way is to break one NPRACH transmission into two or four discrete parts, shown as Figure 1. If the frequency hopping between two discrete parts needs to be used for TA estimation, the phase continuity needs to be kept at UE side. Similar algorithm as FDD NB-IoT can be used to detect NPRACH and estimate TA. Based on the LS from RAN 4 for eMTC [5], with a small gap, i.e., one symbol, the phase continuity should not be an issue. However, if the duration of the gap equals or extends one sub-frame, the phase may or may not be continuous. The reason is that UE will shut down the oscillator if the gap is too long for power saving. If the oscillator is not shut down, it is possible to maintain the phase continuity, while the penalty is larger power consumption. However, on the other hand, if the frequency hopping between two discrete parts cannot be used for TA estimation, the transmission time of NPRACH will be prolonged to achieve similar TA performance. Therefore, it worthwhile to further study the pros/cons if phase continuity shall be maintained between discontinuous NPRACH transmissions.
Proposal #5: Further study on if phase continuity shall be maintained between discontinuous NPRACH transmissions considering UE power consumption. 
There are several UL/DL configuration and special subframe configuration in LTE. For in-band and guard-band, it is better to follow existing LTE configuration for TDD to avoid UL-DL interference. However, with different configurations, the continuous uplink transmission time is different. In order to make the system as simple as possible, the NPRACH design target shall be one NPRACH format can be used for all TDD configurations. For example, the shortest continuous uplink transmission time is 2560Ts + 30720Ts = 33280Ts. One CP and 4 symbols with 3.75kHz can fill in it if phase continuity is not a problem for UE. It can be used for all the UL/DL configurations. Even there are two or more uplink subframes, the rest subframe can be used for NPUSCH transmission. 
Proposal #6: Strive to design one NPRACH format for TDD NB-IoT, which can be used for any UL/DL configuration and special subframe configuration.


Figure 1

3. Conclusion
Based analysis above, we have the following observations and proposal, 
Observation #1: The continuous uplink subframes are not enough to support the transmission of one slot with 3.75kHz subcarrier spacing, with some LTE UL/DL configurations.
Observation #2: 3.75kHz subcarrier spacing is not essential for the targeting MCL of 164dB for both of uplink channels, NPUSCH format 1 and format 2.
Proposal #1: 3.75kHz subcarrier spacing for NPUSCH is not supported in Rel-15 for TDD NB-IoT system. 
Proposal #2: Support both single tone and multi-tone transmission for TDD NPUSCH, and support 4-tone instead of 3-tone for multi-tone transmission.
Proposal #3: NPUSCH format 2 is transmitted from the first valid UL subframe after 12ms.
Proposal #4: Consider to support UCI transmission on a dedicated carrier, which can be different from NPUSCH format 1.
Proposal #5: Further study on if phase continuity shall be maintained between discontinuous NPRACH transmissions considering UE power consumption. 
Proposal #6: Strive to design one NPRACH format for TDD NB-IoT, which can be used for any UL/DL configuration and special subframe configuration.
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