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1 Introduction

In RAN1 #90bis meeting, the following agreements and working assumptions on DL aspects were made for TDD support in feNB-IoT [1]: 

Agreements: 

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

Working assumption:

· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15
Agreements

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.

· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

Agreements:

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

Agreements:

· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.

· The NPSS and NSSS sequences for TDD are the same as FDD.

· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:

· TDD NB-IoT will support all LTE special subframe configurations

In this contribution, we share our views on the remaining SIB1-NB design details such as the scheduling indication of SIB1-NB on anchor and non-anchor NB-IoT carriers, and the NRS design for TDD feNB-IoT. 
2 Design of DL aspects for support of TDD in feNB-IoT
2.1 SIB1-NB scheduling and transmission

As agreed in last RAN1 meeting, it is supported that SIB1-NB is transmitted only on the anchor carrier. In FDD systems, SIB1-NB scheduling information is carried in MIB-NB via 4 bits. It is preferred to reuse these 4 bits in MIB-NB in TDD feNB-IoT for the indication of SIB1-NB scheduling information. Recall that the starting radio frame number for SIB1-NB in FDD NB-IoT is determined by Table 1. On the other hand, SIB1-NB in TDD NB-IoT is transmitted in odd radio frames on the anchor carrier. Thus, the starting radio frame number needs to be reinterpreted, e.g. based on Table 2. 
	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 = 16

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 48

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 16

	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 in FDD NB-IoT.
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 4 = 0
	SFN mod 256 = 1

	
	PCID mod 4 = 1
	SFN mod 256 = 17

	
	PCID mod 4 = 2
	SFN mod 256 = 33

	
	PCID mod 4 = 3
	SFN mod 256 = 49

	8
	PCID mod 2 = 0
	SFN mod 256 = 1

	
	PCID mod 2 = 1
	SFN mod 256 = 17

	16
	All PCIDs
	SFN mod 256 = 1


Table 2. The calculation of starting radio frame number for SIB1-NB on anchor carrier in TDD NB-IoT.
In addition, SIB1-NB can be transmitted on non-anchor carrier. Reserved bits in MIB-NB can be used to indicate the non-anchor carrier where the SIB1-NB is transmitted. Considering the forward compatibility and the limited number of reserved bits in MIB-NB where some reserved bits have been used for other features in Rel-15 feNB-IoT (e.g. indication of additional SIB1-NB transmission), it is preferred to use only 1 or 2 reserved bits in MIB-NB to indicate whether the non-anchor carrier is configured for SIB1-NB transmission, and if configured which non-anchor carrier among predefined ones is used for SIB1-NB. When SIB1-NB is configured to be transmitted on non-anchor carrier, the 4 bits in MIB-NB for indication of SIB1-NB scheduling information in FDD are used for the indication of SIB1-NB scheduling information on non-anchor carrier as well. On the anchor carrier, due to the NSSS transmission on the subframe 0 in even radio frames, the SIB1-NB is always transmitted in odd radio frames. However, there is no such restriction on non-anchor carrier. To further randomize the inter-cell interference, the 4-bit scheduling information indication for SIB1-NB on non-anchor carrier can be interpreted as in FDD NB-IoT systems, where the radio frame to carry SIB1-NB depends on the PCID and number of repetitions as shown in Table 1. 
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 1:
· Use 4 bits in MIB-NB for the indication of SIB1-NB scheduling information in TDD systems, same as in FDD NB-IoT.
· For SIB1-NB on anchor carrier, if the starting radio frame for SIB1-NB designed in FDD is an even radio frame, re-interpret the starting radio frame to be the odd radio frame next to the one designed in FDD NB-IoT.
· For SIB1-NB on non-anchor carrier, interpret the starting radio frame same as in FDD NB-IoT. 
· Use no more than 2 reserved bits in MIB-NB to indicate the configuration of SIB1-NB on non-anchor carrier. 
Proposal 2:

· Indicate the TDD configuration and special subframe configuration in SIB1-NB.

2.2 NRS design

For regular DL subframe, the NRS design follows FDD NB-IoT, as shown in Figure 1. On the other hand, for DwPTS, as discussed in our companion contribution [2], it is preferred to support DL transmission during DwPTS to improve the resource utilization efficiency, at least for special subframe configurations with sufficient number of DL symbols. For DL transmission during DwPTS, if NRS design in regular DL subframe is reused, some NRS symbols may be punctured depending on the number of DL symbols within DwPTS. To improve the channel estimation performance, the symbols carrying NRS can be shifted to make the DL transmission during DwPTS contain more NRS REs. For example, the NRS on symbols #12 and #13 can be shifted to symbols #9 and #10, respectively, which can improve the NPDCCH/NPDSCH reception within DwPTS with at least 10 DL symbols.  
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Figure 1. Illustration of NRS REs within a subframe in FDD NB-IoT.
Proposal 3:
· The NRS design in regular DL subframe follows FDD NB-IoT design.
· Consider a new NRS pattern during DwPTS to make the NPDCCH/NPDSCH transmission during DwPTS contain more NRS REs.
· Shift NRS on symbols #12 and #13 to symbols #9 and #10, respectively.
2.3 Others
Define the configured UL subframes as invalid DL subframes. The transmission of NPDCCH/NPDSCH can follow Rel-13 NB-IoT, where the DL transmission is postponed on invalid DL subframes, which include the configured UL subframes. 

The scheduling delay for NPDSCH indicated by NPDCCH can reuse the values defined in FDD NB-IoT, as it already takes into account the impact on the UL subframes by counting only the valid DL subframes. 
Proposal 4:
· NPDCCH/NPDSCH transmission is postponed on UL subframes, by defining the UL subframes as invalid DL subframes. 
· Adopt the same scheduling delay values as in FDD NB-IoT, which only counts the valid DL subframes. 
3 Conclusion

In this contribution, we discuss the design on DL aspects for the support of TDD for feNB-IoT. Based on the discussions, we make the following proposals:
Proposal 1:

· Use 4 bits in MIB-NB for the indication of SIB1-NB scheduling information in TDD systems, same as in FDD NB-IoT.

· For SIB1-NB on anchor carrier, if the starting radio frame for SIB1-NB designed in FDD is an even radio frame, re-interpret the starting radio frame to be the odd radio frame next to the one designed in FDD NB-IoT.
· For SIB1-NB on non-anchor carrier, interpret the starting radio frame same as in FDD NB-IoT. 
· Use no more than 2 reserved bits in MIB-NB to indicate the configuration of SIB1-NB on non-anchor carrier. 
Proposal 2:

· Indicate the TDD configuration and special subframe configuration in SIB1-NB.

Proposal 3:
· The NRS design in regular DL subframe follows FDD NB-IoT design.
· Consider a new NRS pattern during DwPTS to make the NPDCCH/NPDSCH transmission during DwPTS contain more NRS REs.
· Shift NRS on symbols #12 and #13 to symbols #9 and #10, respectively.
Proposal 4:
· NPDCCH/NPDSCH transmission is postponed on UL subframes, by defining the UL subframes as invalid DL subframes. 
· Adopt the same scheduling delay values as in FDD NB-IoT, which only counts the valid DL subframes. 
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