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Introduction
This Tdoc is a revision of R1-1712816 [4].
In RAN1#90 meeting, the general design principles for NB-IoT TDD were discussed with the following agreements:
Agreements:
· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD
· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.
· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD

In this contribution, we discuss the general aspects of TDD NB-IoT design, such as UL/DL configurations and special subframe configurations, guard period for DL-to-UL switch, and the non-anchor carrier operation etc.
Discussion 
In LTE TDD, 7 different subframe configurations are specified as given in Table 1. Different configurations allows different DL to UL resource allocations and also different HARQ timeline and process. When considering NB-IoT for TDD, the question is whether to support all the UL/DL configurations or only a subset. 
	Uplink-downlink configuration
	Downlink-to-Uplink Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



As discussed in [2] and [3], the TDD UL/DL configurations will have an impact on DL sync signal and NPRACH design if we target to have a unified design for all the supported TDD configurations. Especially for DL heavy configurations such as UL/DL configuration 5, there is only one UL subframe per radio frame which may not be sufficient to support a long preamble transmission. Similarly, in order to accommodate NPSS/NSSS/NPBCH more easily it is preferable to restrict the supported configurations to those having minimum 3 continuous DL subframes. One possibility is to introduce new TDD configurations for NB-IoT such as 20ms configuration with 10 DL subframes in the first 10ms and 10 UL subframes in the next 10ms. However, this new TDD configurations may not be backward compatible thus not supporting NB-IoT UE multiplexing with LTE UE. To minimize the specification effort we prefer to reuse the same UL/DL and special subframe configurations as LTE for inband/guard band deployments. For standalone, different TDD configurations such as 20ms periodicity can be considered for performance improvement.
Proposal 1: NB-IoT TDD reuses the same UL/DL and special subframe configurations as LTE at least for in-band and guard band deployments. FFS on introducing new TDD configurations for standalone deployment
According to the WID, the relaxation of MCL can be considered for NB-IoT TDD. Currently eMTC supports both FDD and TDD with a maximum MCL of 155.7dB. For NB-IoT FDD, the MCL can be up to 164dB. For TDD NB-IoT, as discussed in [2] and [3], the UL and DL coverage can be similar to FDD by using the same number of repetition but with an increase of the latency. A relaxation of MCL can be considered for some TDD configurations but there is no need to have a different maximum number of repetitions for TDD. 
Proposal 2: The same number of repetitions as FDD is reused for NB-IoT TDD.
It was agreed that the non-anchor carrier is supported at least for unicast, paging and RACH in NB-IoT TDD. There is a question whether the non-anchor carrier is supported also for the SI messages. Note that for some TDD UL/DL configurations with a few number of DL subframes, it is difficult to accommodate the PSS/SSS/PBCH and the SIB in the same carrier unless increasing the periodicity. However, this is not preferred due to the increased synchronization acquisition time. Therefore, we think the non-anchor carrier for the SIB1 and other SI messages shall be allowed in NB-IoT TDD.
Proposal 3: Use of non-anchor carrier for the system information is supported in NB-IoT TDD.
Currently in FDD, DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission shall not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa). However, unlike HD-FDD, the UL and DL subframe for TDD can interlace during NPDSCH/NPUSCH transmission. Therefore, it is possible to support parallel DL and UL transmission. For example, a DL packet is transmitted in some DL subframes, followed by UL transmission for an UL packet, followed by other repetitions for the same DL packet, followed again by some more repetitions of the same UL packet and so on. The benefit of interlacing DL and UL transmission is to reduce the transmission latency when UE is required to transmit and receive the packet in both directions. Interlacing can be allowed for certain combinations of UL and DL channels. For example, for DL we could be interlacing DL and UL grants, and for UL, we could have PUCCH (ACK) and PUSCH.  
Proposal 4: Interlacing DL and UL transmission is supported for TDD.
For TDD there is no need to have 1 ms guard time for DL-to-UL and UL-to-DL switch that was provided for FDD since UL and DL transmission on the same band. Maybe a couple of symbols of guard is sufficient for TDD. Additionally, the GP in the SSF already takes care of the UE Tx-to-Rx and Rx-to-Tx switch. If additional couple of symbols of guard are used then the returning rules similar to that for eMTC can be reused where some symbols are punctured either from the beginning or end of the subframe. 
Proposal 5: 1ms guard time for DL-to-UL and UL-to-DL switch is not needed for TDD NB-IoT.
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In this contribution, we discuss the general aspects of TDD NB-IoT design. We make the following proposal:
[bookmark: _GoBack]Proposal 1: NB-IoT TDD reuses the same UL/DL and special subframe configurations as LTE at least for in-band and guard band deployments. FFS on introducing new TDD configurations for standalone deployment
Proposal 2: The same number of repetitions as FDD is reused for NB-IoT TDD.
Proposal 3: Use of non-anchor carrier for the system information is supported in NB-IoT TDD.
Proposal 4: Interlacing DL and UL transmission is supported for TDD.
Proposal 5: 1ms guard time for DL-to-UL and UL-to-DL switch is not needed for TDD NB-IoT.
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