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1 Introduction
In RAN #76 meeting, revised WID RP-171428 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to support for TDD.

Support for TDD [RAN1, RAN2, RAN4]
Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

In this contribution, we discuss the downlink aspects to support TDD NB-IoT.
2 Discussion on downlink aspects to support TDD NB-IoT
2.1 NPSS/NSSS for TDD

For detection of NPSS, sliding correlation operation on time domain is used. For NPSS in TDD NB-IoT, in order not to increase additional detection complexity, the same sliding correlation time as FDD should be kept. In this case, the same NPSS interval as FDD (i.e., one radio frame) should be reused. For example, NPSS is transmitted in subframe #0 of each radio frame. For detection of NSSS, blind detection on given subframes can be used because frame and subframe timing has been acquired. For NSSS in TDD NB-IoT, the same interval as FDD (i.e., two radio frames) can be reused. For example, NSSS is transmitted in subframe #5 of each even radio frame. Alternatively, NSSS interval can be relaxed and twice of NSSS interval in FDD NB-IoT (i.e., four radio frames) can be considered for TDD NB-IoT. Keeping the same NSSS interval can reduce the power consumption for UE detecting while relaxing the interval is beneficial for reducing NSSS overhead. Similar to legacy LTE, TDD NB-IoT and FDD NB-IoT system can be distinguished by the relative location of NPSS and NSSS. The interval between NPSS and NSSS is 3 subframes for FDD NB-IoT while the interval between NPSS and NSSS is 4 subframes for TDD NB-IoT.
Proposal 1: Interval of NPSS in TDD NB-IoT is the same as FDD.

Proposal 2: Compared with FDD NB-IoT, larger NSSS interval can be considered for TDD NB-IoT. 
2.2 MIB-NB and SIB1-NB for TDD

The following two options can be considered for MIB-NB and SIB1-NB transmission. 

· Option 1: MIB-NB and SIB1-NB are transmitted on anchor carrier. 

Since fewer downlink subframes are available for TDD, when the same intervals as FDD are used for MIB-NB and SIB1-NB transmission, the majority of downlink subframes on anchor carrier are used for common channels. In this case, downlink control and traffic scheduling on anchor carrier may be blocked due to lack of available downlink subframes. It may cause huge delay and power consumption especially in coverage enhanced scenario. Base on the above reason, relaxing intervals of MIB-NB and SIB1-NB transmission can be considered. 
Observation 1: For TDD NB-IoT, when the same intervals as FDD are used for MIB-NB and SIB1-NB transmission, downlink control and traffic scheduling on anchor carrier may be blocked. 

Proposal 3: Relaxing intervals of MIB-NB and SIB1-NB can be considered when MIB-NB and SIB1-NB are transmitted on anchor carrier.
· Option 2: MIB-NB and SIB1-NB are transmitted on non-anchor carrier. 

In order to avoid the blocking of downlink control and traffic scheduling on anchor carrier, besides relaxing the  intervals of MIB-NB and SIB1-NB transmission, transmitting MIB-NB and SIB1-NB on the non-anchor carrier can also be considered. For example, as shown in Figure 1, MIB-NB is transmitted in subframe #0 of each radio frame on the non-anchor carrier while SIB1-NB is transmitted in subframe #5 of each even radio frame on the non-anchor carrier. In this case, the frequency location of non-anchor carrier can be indicated by NSSS. 
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Figure 1 Example of transmitting MIB-NB and SIB1-NB on non-anchor carrier
Proposal 4: MIB-NB and SIB1-NB transmitted on non-anchor carrier can be considered.
2.3 NRS design for TDD

For NRS in normal downlink subframes of TDD NB-IoT, NRS pattern similar to FDD NB-IoT can be reused. For NRS in special subframes of TDD NB-IoT, as shown in Figure 2, the OFDM symbols used for NRS are the same as those used for TDD LTE DL DMRS.
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Figure 2 Example of NRS pattern for special subframe

In FDD NB-IoT, the NRS sequence is initialized in every radio frame. Compared with FDD NB-IoT, the subframes that can be used for NRS transmission are relatively less in TDD. The initialization period of NRS sequence can be extended to every 8 radio frames for TDD NB-IoT.
Proposal 5: For special subframes in TDD NB-IoT, the OFDM symbols used for NRS are the same as those used for LTE DL DMRS. 
2.4 Subframes for paging opportunity for TDD NB-IoT
Regarding the subframes used for paging opportunity (PO), the following two options can be considered.

· Option -1: Subframe #0, #1, #5 #6 of every radio frames can be used for PO as shown in Table 1.

· Option -2: Compared with FDD NB-IoT, fewer subframes can be used for PO in TDD. For example, subframe #0 and subframe #5 of every radio frames can be used for PO.

Table 1 PO subframes for TDD NB-IoT

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


Compared with FDD NB-IoT, the available downlink subframes may be much fewer, thus the capacity target for single carrier may be relaxed. In this case, the same subframes for PO as FDD is not necessary. Similar to FDD NB-IoT, the TDD NB-IoT UEs can acquire system information before receiving paging. There is no need to consider the collision issue of paging and common channels. Paging transmission will be postponed when collision occurs.

Proposal 6: Compared with FDD NB-IoT, it is suggested to use less subframes for PO in TDD.

2.5 NPDCCH and NPDSCH for TDD NB-IoT
For TDD NB-IoT, NPDCCH transmission in normal subframe can reuse the design in FDD NB-IoT. If NPDCCH can be transmitted in special subframe, whether to define new NPDDCH structure needs further study. For example, to simplify the design, NPDCCH resource mapping can be done according to the available REs.
For NPDSCH, cyclic repetition in FDD NB-IoT can be reused for TDD. In this case, part of NPDSCH repetitions may include special subframes, and the other part of NPDSCH repetitions may not include special subframes. So, the number of available REs for each transmission of NPDSCH repetitions may be different. In this case, whether to adjust TBS should be considered. From the perspective of simple design, the TBS would not be adjusted. The eNB can adaptively configure the MCS level by implementation.
When subframes for an NPDSCH repetition include special subframes, potential resource mapping schemes include: 

· Option 1: Resource mapping is done according to all available REs of the allocated subframes

· Option 2: For each allocated subframe of an NPDSCH repetition, resource mapping is done same as normal subframe. In this case, mapping in GP or UpPTS symbols will be punctured in special subframes.

For Option 1, the identical complex symbols may be in non-adjacent subframes with relatively lager interval, which is not beneficial for symbol-level combination. Compared with Option 1, Option 2 is more beneficial for symbol-level combination. In addition, common design for FDD and TDD can be achieved for Option 2.

Proposal 7: For TDD NB-IoT, when special subframe is used for NPDCCH/NPDSCH transmission, NPDCCH structure, NPDSCH TBS, and resource mapping of NPDSCH need further study. 

3 Conclusions

In this contribution, we have discussed the downlink aspects to support TDD NB-IoT. We make the following observations and proposals:
Observation 1: For TDD NB-IoT, when the same intervals as FDD are used for MIB-NB and SIB1-NB transmission, downlink control and traffic scheduling on anchor carrier may be blocked. 

Proposal 1: Interval of NPSS in TDD NB-IoT is the same as FDD.

Proposal 2: Compared with FDD NB-IoT, larger NSSS interval can be considered for TDD NB-IoT. 
Proposal 3: Relaxing intervals of MIB-NB and SIB1-NB can be considered when MIB-NB and SIB1-NB are transmitted on anchor carrier.
Proposal 4: MIB-NB and SIB1-NB transmitted on non-anchor carrier can be considered. 
Proposal 5: For special subframes in TDD NB-IoT, the OFDM symbols used for NRS are the same as those used for LTE DL DMRS. 

Proposal 6: Compared with FDD NB-IoT, it is suggested to use less subframes for PO in TDD.

Proposal 7: For TDD NB-IoT, when special subframe is used for NPDCCH/NPDSCH transmission, NPDCCH structure, NPDSCH TBS, and resource mapping of NPDSCH need further study. 
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