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1. Introduction
At RAN #76 meeting, a new work item (WI) on further NB-IoT enhancements (feNB-IoT) was approved. One objective of the WI is to add TDD support into NB-IoT [1]. 
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
The design of downlink aspects to support NB-IoT TDD has been studied and following agreements were achieved in the last RAN1 meetings [2].
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In this contribution, we will share our consideration in the design of NPSS, NSSS and NPBCH in NB-IoT TDD mode. We will firstly analyze the design principle, then specific transmission occasions of NPSS, NSSS, NPBCH will be discussed.
2. Design principle for NPSS/NSSS/NPBCH in TDD mode
In Rel-13 NB-IoT FDD mode design, NPSS is sent on subframe 5 every 10ms with length-11 ZC sequence. NSSS is transmitted in subframe 9 every 20ms composed of a length-131 ZC sequence, time-domain cyclic shifts and a length-128 Hadamard scrambling sequence. NPBCH consists of 8 independently decodable blocks of 80ms duration, and each decodable block is transmitted 8 times in subframe 0 every 10ms.
To support the NB-IoT TDD mode and avoid introducing too much spec changes, the same sequence and design principle of NPSS/NSSS in FDD mode could be directly applied in NB-IoT TDD mode. For example, the length-11 ZC sequence is adopted for NPSS, the PCID is indicated by length-131 ZC sequence and Hadamard sequence of NSSS. For NPBCH in TDD mode, it can also reuse the design principle in FDD mode, including the channel coding, rate matching, scrambling and modulation.
Besides, to guarantee the decoding accuracy of signalling for initial access, the density of NPSS, NSSS, NPBCH should not be reduced in TDD mode
Proposal 1: The design principle of NPSS/NSSS/NPBCH in Rel-13 FDD mode should be reused to support NB-IoT TDD mode
· Same sequence design for NPSS/NSSS as in Rel-13 FDD mode
· Same density design for NPSS/NSSS/NPBCH as in Rel-13 FDD mode
3. Transmission occasions of NPSS/NSSS/NPBCH in TDD mode
As analyzed in above section, the NPSS, NPSS, NPBCH occupies subframe 0, 5, 9, respectively in FDD mode. However, only subframe 0 and subframe 5 are available for all TDD configurations and subframe 9 is not available in TDD configuration 0. Thus, the transmission occasions of NPSS/NSSS/NPBCH in FDD can be reused smoothly in TDD configuration 1-6, while there is some problems in TDD configuration 0 shown in table 1 and 2. 
Table 1. Uplink-downlink configurations

	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


Table 2. Reuse the transmission occasions of NPSS/NSSS/NPBCH in FDD mode [image: image2.emf]NPBCH NPSS NSSS
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From the perspective of UE complexity, unified design of NPSS/NSSS/NPBCH occasions for all configurations in TDD mode is more desirable. One possible way to solve the above problem is to prohibit configuring TDD configuration 0 for NB-IoT. However, considering the feature of heavy UL traffic in NB-IoT, the supported TDD UL-DL configurations should have sufficient number of UL subframes to meet the UL traffic demand and to reduce the impact on UL performance. There are 6 UL subframes every 10ms in UL-DL configuration 0, it’s not reasonable to directly blocking the configuration 0 for NB-IoT TDD mode. As for the transmission of NPSS/NSSS/NPBCH in subframe 4 and subframe 8, the TDD UL-DL configuration with more UL subframes e.g. configuration 0 and configuration 6 are all blocked. Similarly, it’s not reasonable to support the NPSS/NSSS/NPBCH transmission in subframe 4 and subframe 8 either. Thus, we should further consider how to transmit the NPSS/NSSS/ NPBCH only in subframe 0 and subframe 5.
Currently, the NPSS/NSSS/NPBCH are all transmitted on a single NB-IoT carrier. To accommodate the three kinds of broadcast signaling and follow the design in FDD mode as much as possible, the transmission of broadcast signaling in another NB-IoT carrier could be considered. For example, NPBCH could be transmitted in suframe 0 every 10ms same as the design in FDD mode, and NPSS/NSSS could be transmitted in subframe 5 every 20ms alternately. To keep the same density of NPSS as in FDD mode, additional NPSS could be transmitted in subframe 5 every 20ms in another predefined NB-IoT carrier shown in Fig. 1. 
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Figure 1. NPBCH/NPSS/NSSS transmission in TDD mode
Although the NPSS period is extended to the 20ms in TDD mode, the density of NPSS in frequency domain is doubled. Thus, the detection time for NPSS would not be extended. E.g. assuming the systemin bandwidth is 20MHz, and the maximum time to detect the NPSS is 10ms* 100PRBs=1000ms. In TDD mode with b=50 PRBs, the maximum time to detect the NPSS is 20ms*50PRBs=1000ms as shown in Fig. 2. And it would not cause the performance reduction for NPSS decoding accuracy.
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Figure 2. Maximum time to detect the NPSS
Based on the above analysis, the NPSS/NSSS/NPBCH should be transmitted only in subframe 0 and subframe 5 to ensure the unified design for all uplink-downlink configurations in TDD mode. And the transmission of NPSS/NSSS/NPBCH on another NB-IoT carrier should be considered to accommodate the three kinds of broadcast signaling.
Proposal 2: In TDD mode, NPSS/NSSS/ NPBCH should be transmitted in subframes: {0, 5}
· Transmission of one of NPSS/NSSS/NPBCH in another NB-IoT carrier should be considered
4. Conclusion
In this contribution, we analyzed and shared our consideration in the design of synchronization signals and NPBCH in NB-IoT TDD mode. 

Proposal 1: The design principle of NPSS/NSSS/NPBCH in Rel-13 FDD mode should be reused to support NB-IoT TDD mode

· Same sequence design for NPSS/NSSS as in Rel-13 FDD mode

· Same density design for NPSS/NSSS/NPBCH as in Rel-13 FDD mode
Proposal 2: In TDD mode, NPSS/NSSS/ NPBCH should be transmitted in subframes: {0, 5}

· Transmission of one of NPSS/NSSS/NPBCH in another NB-IoT carrier should be considered
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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
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