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1 Introduction

At RAN #75 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
In this contribution, we share our views on the designs of synchronization signals (i.e., NPSS and NSSS), NPBCH and SIB1-NB for the support of TDD for feNB-IoT. 
2 Transmission of NPSS, NSSS, NPBCH and SIB1-NB

To begin with, we discuss about the transmission method of NPSS, NSSS, NPBCH and SIB1-NB.
Recall that in Rel-13 NB-IoT, there are four subframes on the anchor carrier used for transmission of NPBCH (subframe #0), NPSS (subframe #5), NSSS (subframe #9) and SIB1-NB (subframe #4), respectively. These subframes avoid the ones that can be configured for MBSFN (i.e., subframes #1, 2, 3, 6, 7 and 8) in FDD systems. With the same motivation, in TDD feNB-IoT systems, the subframes used for NPSS, NSSS, NPBCH and SIB1-NB transmission should not be the ones that may be configured as MBSFN subframes (i.e., subframes #3, 4, 7, 8 and 9). As discussed in our companion contribution [2], 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. Excluding the subframes that may be configured for MBSFN, the remaining DL subframes common for existing TDD configurations with sufficient number of UL subframes (e.g. TDD configurations 0, 1, 3, 4 and 6) are subframes #0 and #5. In addition, these existing TDD configurations have common special subframe in subframe #1. 
To transmit NPSS, NSSS, NPBCH and SIB1-NB subject to the supported TDD configurations, one option is transmit these signals and channels on a single NB-IoT carrier as in Rel-13 NB-IoT. Observing that both NSSS and SIB1-NB are transmitted in every other radio frame, this enables the time domain multiplexing between NSSS and SIB1-NB on the same subframe in alternate radio frames, which results in one required DL subframe within each radio frame. Then to transmit NPSS and NPBCH, special subframe should be exploited. Note that the number of DL symbols available during DwPTS is up to 12, and can be as small as 6 or 9 symbols depending on the supported special subframe configurations. Excluding the LTE control region, the number of OFDM symbols available for NPSS or NPBCH during DwPTS is up to 9 and can be as small as 3 or 6. Recall that the NPBCH performance enhancement is under discussion in FDD feNB-IoT systems. Thus, it is not desirable to transmit NPBCH during DwPTS, which has less number of available OFDM symbols and may further degrade the NPBCH performance. On the other hand, for transmission of NPSS during DwPTS, not only the performance of NPSS would be impacted due to less available OFDM symbols, but it also requires a different physical NPSS design from FDD systems, e.g. different covering code to fit in less number of symbols. To minimize the spec change and performance impact, and to strive towards a physical design that can be as common as possible between FDD and TDD systems, it is not preferred to transmit NPSS or NPBCH during DwPTS. 
As another option, to transmit NPSS, NSSS, NPBCH and SIB1-NB on the two DL subframes available among all existing TDD configurations, we propose to configure multiple NB-IoT carriers in TDD feNB-IoT systems. Specifically, at least two NB-IoT carriers would be configured for each TDD feNB-IoT cell, with one carrier carrying the NPSS and NSSS/SIB1-NB transmissions, and the other carrying NPBCH transmission, as illustrated in Figure 1. NPSS is transmitted on every subframe #5 of one NB-IoT carrier as in Rel-13 NB-IoT. The NB-IoT carrier with NPSS transmission needs to meet the raster constraint. Thus, for in-band and guard-band operation modes, the carrier with NPSS is from the set of “anchor carrier” candidates defined in Rel-13 NB-IoT. On the same NB-IoT carrier, NSSS and SIB1-NB are transmitted on subframe #0 in alternate radio frames, similar to what has been discussed in the above option. NPBCH is transmitted on subframe #0 of every radio frame on the other NB-IoT carrier, which has a predefined offset from the NB-IoT carrier with NPSS transmission, e.g. the NB-IoT carrier next to the one with NPSS transmission. UE knows which NB-IoT carrier to search for the NPBCH once it detects the NPSS and NSSS. The relative locations between NPSS and NSSS symbols can be used for such indication. In addition, the differentiation between FDD and TDD systems can be based on the identification of NPSS sequence, if NPSS with a different root index is defined for TDD feNB-IoT as elaborated in Section 3. As discussed in [3], the NPBCH coverage should be enhanced and acquisition delays should be reduced. Thus, the subframe #5 in NB-IoT carrier with NPBCH transmission can be used to transmit additional NPBCH to reduce the acquisition delay. Note that the UE still detects a single NB-IoT carrier at any time instance. 
[image: image1.emf]SFs 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Carrier 

j

Carrier 

j+1

NPBCH NPSS NSSS SIB1-NB

Radio frame n Radio frame n+1

Additional 

NPBCH


Figure 1. Illustration of the transmission mechanism for NPSS, NSSS, NPBCH and SIB1-NB.

To support the alternate radio frame transmission for NSSS and SIB1-NB, the scheduling information for SIB1-NB needs to be reinterpreted. To reduce the inter-cell interference, it is preferred to make the radio frame with SIB1-NB transmission depend on the PCID, as in Rel-13 NB-IoT. On the other hand, UE relies on the detection of NSSS to know the 80ms boundary. To keep the SIB1-NB transmission location depending on PCID while also enable the detection of 80ms boundary via NSSS, we propose to transmit NSSS on even radio frame when PCID mod 2 =1 and to transmit NSSS on odd radio frame when PCID  mod 2 = 0. Then the SIB1-NB scheduling information is updated as in Table 1, to realize the alternate radio frame transmission between NSSS and SIB1-NB.
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 17

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 49

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 17

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Table 1. The calculation of starting radio frame number for SIB1-NB.

Proposal 1
· The TDD feNB-IoT cell is configured with at least two NB-IoT carriers:
· One carrier with NPSS transmitted on subframe #5 in every radio frame, and NSSS and SIB1-NB transmitted on subframe #0 in alternate radio frames.

· Update the starting radio frame number for SIB1-NB, to make the SIB1-NB transmitted on even radio frame when PCID mod 2 = 0 and on odd radio frame when PCID mod 2 = 1.

· One carrier with NPBCH transmitted on subframe #0 in every radio frame.
· Consider additional NPBCH transmission on subframe #5 of this NB-IoT carrier.
· For in-band and guard-band operation modes, the NB-IoT carrier with NPSS transmission is from the set of “anchor carrier” candidates defined in Rel-13 NB-IoT.
· There is a fixed offset between the NB-IoT carrier with NPSS transmission and the one with NPBCH transmission. 
3 Physical design of NPSS, NSSS, NPBCH and SIB1-NB
To begin with, we discuss about the NPSS sequence design. Recall that in Rel-13 NB-IoT, NPSS comprises of a length-11 ZC sequence with root index 5 and does not convey any cell ID information. It occupies the last 11 OFDM symbols of subframe #5 in every radio frame. As one option, the same NPSS sequence can be used for TDD feNB-IoT. Then the differentiation between TDD and FDD systems is based on the relative locations between NPSS and NSSS transmissions. This option minimizes the changes in specification, but UE needs to perform additional hypothesis tests on the potential relative location of NSSS to determine whether it is a TDD or FDD system. Alternatively, a length-11 ZC sequence with root index of 6 can be used for TDD NPSS. The covering code for NPSS in TDD systems can be the same as the covering code defined for NPSS in Rel-13 NB-IoT. This NPSS sequence is the complex conjugate sequence of Rel-13 NPSS sequence, and thus avoid incurring additional NPSS detection complexity. With a different NPSS sequence used in TDD from FDD NB-IoT systems, UE can tell whether the system is a TDD or FDD system via the detection of NPSS sequence, based on which UE can determine where to search for NSSS.
For NSSS sequence design, it can follow the Rel-13 NB-IoT NSSS design to minimize the spec change. Specifically, NSSS sequence is composed of a length-131 ZC sequence, time-domain cyclic shifts and a length-128 Hadamard scrambling sequence. The PCID is indicated by the ZC sequence and Hadamard sequence, and the 80ms boundary is indicated by the time-domain cyclic shifts. 
Similar to NSSS, the NPBCH design can also reuse the Rel-13 NB-IoT design, including the channel coding, rate matching, scrambling and modulation. The contents in MIB-NB can be kept the same as in Rel-13 NB-IoT, except the reinterpretation of SIB1-NB scheduling information as given by Table 1. 
The design for TBS and modulation of SIB1-NB follows Rel-13 NB-IoT as well. Regarding the contents of SIB1-NB, besides the current indication information carried in SIB1-NB, the TDD UL-DL configuration and special subframe configuration can be indicated in SIB1-NB for TDD feNB-IoT. 
Proposal 2
· Consider the following designs for NPSS in TDD feNB-IoT: 
· The NPSS same as in Rel-13 NB-IoT is used.

· A new NPSS comprising of a length-11 ZC sequence with root index 6 is used.
· Physical design of NSSS, NPBCH and SIB1-NB follows Rel-13 NB-IoT, except that
· SIB1-NB additional indicates the TDD UL-DL configuration and special subframe configuration.
4 Conclusion

In this contribution, we discuss the design for NPSS, NSSS, NPBCH and SIB1-NB for the support of TDD for feNB-IoT. Based on the discussions, we make the following proposals:
Proposal 1
· The TDD feNB-IoT cell is configured with at least two NB-IoT carriers:
· One carrier with NPSS transmitted on subframe #5 in every radio frame, and NSSS and SIB1-NB transmitted on subframe #0 in alternate radio frames.

· Update the starting radio frame number for SIB1-NB, to make the SIB1-NB transmitted on even radio frame when PCID mod 2 = 0 and on odd radio frame when PCID mod 2 = 1.

· One carrier with NPBCH transmitted on subframe #0 in every radio frame.
· Consider additional NPBCH transmission on subframe #5 of this NB-IoT carrier.
· For in-band and guard-band operation modes, the NB-IoT carrier with NPSS transmission is from the set of “anchor carrier” candidates defined in Rel-13 NB-IoT.
· There is a fixed offset between the NB-IoT carrier with NPSS transmission and the one with NPBCH transmission. 
Proposal 2

· Consider the following designs for NPSS in TDD feNB-IoT: 

· The NPSS same as in Rel-13 NB-IoT is used.

· A new NPSS comprising of a length-11 ZC sequence with root index 6 is used.

· Physical design of NSSS, NPBCH and SIB1-NB follows Rel-13 NB-IoT, except that
· SIB1-NB additional indicates the TDD UL-DL configuration and special subframe configuration.
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