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1 Introduction

One of the objectives of Rel-15 NB-IoT WID is TDD support for in-band, guard-band, and standalone operation modes of NB-IoT [1]. 
In RAN1#90 meeting, the following agreements are reached regarding DL aspects of TDD support in NB-IoT [2]:
Agreements:

· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.

· If NPSS and NSSS are the same as FDD:

· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.

· Subframes 0 and 5 will certainly be used
Agreements:
· NPSS uses

· The last 11 OFDM symbols in one subframe

· As a working assumption: the lower 11 subcarriers in one subframe

· As a working assumption: the same cover code as in FDD

· The design shall be decodable within the same signal processing effort as the design used for FDD

· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition

Agreements:
· The transmission of SIB1-NB is FFS between:

· Always on the same NB-IoT carrier as NPSS/NSSS

· Always on a different NB-IoT carrier as NPSS/NSSS

· Can be on a different NB-IoT carrier as NPSS/NSSS

· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier
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 DL aspects of TDD support in NB-IoT, mainly about the transmission of NPSS/NSSS/NPBCH/SIB1-NB.
2 Discussions
As showing in below table, seven UL/DL configurations are defined for TDD since Rel.8, which provide different UL and DL capacities.

	UL/DL 

configuration
	DL-to-UL 

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


In legacy Rel-13/14 NB-IoT, the set of NB-IoT subframes valid for DL transmission (except for subframes carrying NPSS/NSSS/NPBCH/NB-SIB1) can be configured by higher layer parameters [3]. Therefore, even though only part of subframes within a radio frame are assigned for DL in TDD, it will not cause much significant problems for the legacy NPDSCH/NPDCCH related procedures since UL subframes can be treated as invalid subframes.

Observation 1. For NPDSCH/NPDCCH related procedures, no significant changes are needed for TDD support of NB-IoT.

In legacy LTE, the relative position between PSS and SSS is used for the indication of duplex mode. A similar method can be used in NB-IoT, too. For example, NPSS and NSSS sequences of FDD can be reused in TDD. And the differentiation between TDD and FDD systems relies on the subframe distance between NPSS and NSSS. However, this might cause power wasting and initial acquisition time latency increasing for FDD NB-IoT UEs. Alternatively, modification to NPSS can be considered for TDD NB-IoT. Exploiting a different NPSS sequence for TDD from that for FDD, UEs can know the duplex mode of a system by the detection of NPSS, and then know on which subframe position to search for NSSS. Therefore, the aforementioned issue for FDD NB-IoT UEs’ initial cell acquisition can be avoided. 
Proposal 1: Modification to NPSS should be considered for quick identification of whether carrier is TDD or FDD, and also to reduce the impact to cell search for NB-IoT FDD.
For Rel-13/14 NB-IoT, NPSS, NSSS, NPBCH and SIB1-NB are all assigned on the DL anchor carrier. NPSS is transmitted in subframe #5 of each radio frame. NSSS is transmitted in subframe #9 of each even numbered radio frame. Subframe #0 is used for NPBCH in each radio frame. Subframe #4 is used for NB-SIB1 in all radio frames transmitting NB-SIB1.  
Compared with FDD, the DL time resources become fewer in TDD because of the TDM of UL/DL on the same frequency carrier. The number of DL subframes available for each configuration is given in the table below.

	UL/DL 

configuration
	Number of DL Subframes

	
	

	0
	2

	1
	4

	2
	6

	3
	6

	4
	7

	5
	8

	6
	3


As mentioned in our companion contribution [4], for in-band and guard-band operation modes, a NB-IoT TDD cell needs to align its UL/DL configuration to the corresponding LTE cell. With this constraint, it will not be possible to map NPSS/NSSS/NPBCH/NB-SIB1, which are mapped to four different subframes in FDD, within the same radio frame for some UL/DL configurations in TDD. 
· Mapping of NPSS/NSSS/NPBCH/NB-SIB1 within a radio frame is not possible for configuration 0 and 6. 

· For configuration 1 also if these channels are mapped to all the four DL subframes, there will not be any resources within radio frame for scheduling NPDCCH and NPDSCH. 

· Only for the remaining configurations, it is possible to map these channels without impacting the scheduling of user data in each radio frame. Even in these configurations the resources available for data transmission are reduced to a maximum of four subframes.

Observation 2: In some UL/DL configurations, it is not possible to map NPSS/NSSS/NPBCH/NB-SIB1 within a radio frame on the anchor carrier.
In what follows, we discuss some options to handle the above issue.
Option 1. NPSS/NSSS/NPBCH/SIB1-NB on a single anchor carrier with legacy period for transmission

With this option, only the UL/DL configurations which have sufficient DL subframes are supported by TDD NB-IoT. Fewer specification effort can be expected, and no performance relaxation of system acquisition time is required. The limitation of this option is that UL/DL configurations with scarce DL resources are not supported, e.g., UL/DL configurations 0 and 6. This limits the co-existence between TDD NB-IoT and legacy LTE TDD system.
Option 2. NPSS/NSSS/NPBCH/SIB1-NB on a single anchor carrier with increased period for transmission
It is agreed in RAN1#90 that ‘targets of latency, and capacity may be relaxed for TDD NB-IoT’. If system acquisition relaxation is allowed, the transmission periods of NPSS/NSSS/NPBCH/SIB1-NB can be extended. For example, the period of NPSS and/or NPBCH can be increased to 20ms, the period of NSSS can be extended to 40ms. Then, the payload of NPSS, NSSS and NPBCH can be distributed in a longer period, which makes the transmission of NPSS/NSSS/NPBCH/SIB1-NB available on a single anchor carrier. All UL/DL configurations can be supported. However, besides the latency increasing, a potential drawback of this option is the increasing of power consumption at UE side due to longer searching for DL synchronization.
Option 3. NPSS/NSSS/NPBCH/SIB1-NB on dual carriers
If multiple carrier operation is available, NPSS/NSSS/NPBCH/SIB1-NB can be distributed across more than one (e.g., two) NB-IoT DL carrier. For example, NPSS/NSSS can be transmitted on the anchor carrier, and NPBCH/SIB1-NB can be transmitted on a non-anchor carrier. With this option, all the UL/DL configurations can be supported, and similar system acquisition performance to FDD NB-IoT can be expected. But, at least two NB-IoT carriers are required to support TDD NB-IoT, which limits the deployment of TDD NB-IoT network.
Option 4. NPSS/NSSS/NPBCH/SIB1-NB on single or dual carriers
For the mapping of NPSS/NSSS/NPBCH/SIB1-NB, if a unified solution is used for all the UL/DL configurations, the above option 2 and 3 can be taken into consideration. However, using a unified solution might introduce limitations on performance or resource flexibility. Actually, for UL/DL configurations with four and more DL subframes per radio frame, NPSS/NSSS/NPBCH/SIB1-NB can be mapped in a radio frame on a single NB-IoT carrier, avoiding both latency increase and the requirement of extra 180kHz carriers. Therefore, transmission of NPSS/NSSS/NPBCH/SIB1-NB optionally on single carrier or dual carriers can be considered. The differentiation between single carrier and dual carrier operations can be based on the relative locations between NPSS and NSSS. 
For example, if DL subframe resources are sufficient (e.g., for UL/DL configurations 1~5), a single NB-IoT DL carrier can be used for the transmission of common control signals. As shown in Figure 1, NPSS and NPBCH can be transmitted on subframe 0 and 5 every radio frame, respectively. NSSS can be transmitted on subframe 9 very even numbered radio frame. SIB1-NB can be transmitted on the other available subframes (e.g., subframe 4). For UL/DL configurations with very limited DL subframes (e.g., 0 and 6), as shown in Figure 2, NPSS can be transmitted on subframe 0 every radio frame and NSSS can be transmitted on subframe 5 very even numbered radio frame on the anchor carrier. NPBCH and SIB1-NB can be transmitted on a non-anchor carrier on subframe 0 and 5, respectively. UEs can distinguish single or dual carrier operations based on the placement of NPSS and NSSS. Specifically, if NSSS is located on subframe 9, NPSS/NSSS/NPBCH/SIB1-NB are all transmitted on the anchor-carrier. If NSSS is located on subframe 5, NPSS/NSSS are transmitted on the anchor-carrier, and NPBCH/SIB1-NB are transmitted on the non-anchor carrier.
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Figure 1. An example of NPSS/NSSS/NPBCH/SIB1-NB transmitted on single NB-IoT carrier.
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Figure 2. An example of NPSS/NSSS/NPBCH/SIB1-NB transmitted on dual NB-IoT carriers.
With option 4, the mandatory requirement of two NB-IoT DL carriers for the transmission of NPSS/NSSS/NPBCH/SIB1-NB can be avoided for some UL/DL configurations, which increases the deployment flexibility. And the system acquisition performance in FDD NB-IoT can be maintained in TDD NB-IoT. A potential drawback of this option is that UEs need to do additional hypothesis tests on the potential subframe position of NSSS to figure out whether single or dual carrier operation is used. 
Proposal 2. If all UL/DL configurations of TDD need to be supported, it can be considered to transmit NPSS/NSSS/NPBCH/SIB1-NB on one or two DL carrier optionally. Relative allocations of NPSS and NSSS can be used to differentiate single carrier and multiple carrier operations.
It is presented in [1] that for the support for TDD, the design shall strive towards a common design among the deployment modes. Therefore, it is better to adopt the same solution for standalone mode as that for in-band and guard-modes. On the other hand, as there might not be DL subframe resource issue, additional mapping of NPSS/NSSS/NPBCH/SIB1-NB can be considered for standalone operation mode. Therefore, it needs to be further studied whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode.
Proposal 3. Whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode is FFS.
As part of earlier meetings, it is not yet concluded what are the applicable UL/DL configurations for inband single carrier operation for NB-IoT TDD. For some configurations, there might be a need to increase DL resources. For example, if single carrier operation needs to be supported for UL/DL configuration 6 which have only three downlink subframes per radio frame, all these three subframes will be used to map NPSS/NSSS/NPBCH in some frames. In this case if the downlink operation needs to be supported, the NPDCCH/NPDSCH needs to be mapped onto special subframes only. However, the available symbols of special subframe might be insufficient for NPDCCH/NPDSCH. For these configurations, aiming to enable mapping of NPDCCH/NPDSCH in special subframes, the number of downlink symbols in special subframe can be increased by corresponding reduction in next uplink subframe. For example, as shown in Figure 3, the legacy special subframe and subsequent UL subframe contents can be modified, creating an equivalent radio frame containing more DL subframes with some reduction to the UL resources. Consequently, more DL resources can be obtained for the transmission of NPDCCH/NPDSCH. This option does not cause any inter-cell interference issue for guard band deployments. But there may be some increased DL interference in the extended part from uplink transmission of neighboring LTE cells. The impact and possible solutions need to be further studied.


[image: image3.emf]DL

DL

UL

UL

UL

UPT

DPT

DPT

GP

GP

UPT

LTE frame structure (only subframe surrounding special subframe is shown)

NB-IoT frame structure with extended special subframe


Figure 3. An example of extended special subframe.
Proposal 4. Mapping of NPDCCH/NPDSCH to special subframe should be supported for NB-IoT if single carrier deployment is required for some UL/DL configurations. To increase DL resources in special subframe, new special subframe configurations can be considered.
3 Conclusions

In this contribution, we consider the DL aspects of TDD support in NB-IoT and make the following observations and proposals:
Observation 1. For NPDSCH/NPDCCH related procedures, no significant changes are needed for TDD support of NB-IoT.

Observation 2. In some UL/DL configurations, it is not possible to map NPSS/NSSS/NPBCH/NB-SIB1 within a radio frame on the anchor carrier.
Proposal 1: Modification to NPSS should be considered for quick identification of whether carrier is TDD or FDD, and also to reduce the impact to cell search for NB-IoT FDD.
Proposal 2. If all UL/DL configurations of TDD need to be supported, it can be considered to transmit NPSS/NSSS/NPBCH/SIB1-NB on one or two DL carrier optionally. Relative allocations of NPSS and NSSS can be used to differentiate single carrier and multiple carrier operations.
Proposal 3. Whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode is FFS.
Proposal 4. Mapping of NPDCCH/NPDSCH to special subframe should be supported for NB-IoT if single carrier deployment is required for some UL/DL configurations. To increase DL resources in special subframe, new special subframe configurations can be considered.
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