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1 Introduction

In RAN1 #91 meeting, the following agreements on DL aspects were made for TDD support in feNB-IoT [1]: 

Agreements: 
· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.

· At least for 16 repetioins for SIB1-NB transmission,

· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.

· When SIB1-NB is transmitted on non-anchor carrier, at least subframe #0 is used.

· FFS: SIB1-NB can be transmitted on anchor carrier other than subframe #0

· FFS: The frequency position of non-anchor carrier is indicated by [0, 1, or 2] bits in MIB-NB for in-band scenario.

· FFS: case for gurad-band and stand-alone scenarios

· FFS: Cases for 4 and 8 repetitions

Agreement:
· The radio frame is determined by table-1

[image: image1.png]Table-1: Starting radio frame for SIB1-NB transmission on anchor carrier.
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In this contribution, we share our views on the remaining SIB1-NB design details such as the scheduling information 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 on non-anchor carrier
As agreed in last RAN1 meeting, at least SIB1-NB with 16 repetitions can be transmitted on non-anchor carrier and it is FFS for SIB1-NB with 4 and 8 repetitions. Supporting SIB1-NB transmission with 4 or 8 repetitions on non-anchor carrier requires no additional bits, but provides more flexibility. Thus, it is preferred to support SIB1-NB transmission with 4 and 8 repetitions on non-anchor carrier as well. 

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 can also be used for the indication of SIB1-NB scheduling information on non-anchor carrier. 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 the number of repetitions as shown in Table 1.
	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.
For the indication of non-anchor carrier which carriers SIB1-NB, reserved bits in MIB-NB can be used. The supported multi-carrier operations in NB-IoT include in-band/in-band, in-band/guard-band, guard-band/guard-band and standalone/standalone operations. The discussions for these different scenarios are given as follows. 

· For in-band/in-band and standalone/standalone scenarios, 1 bit can be used to indicate whether SIB1-NB is transmitted on anchor or non-anchor carrier, and additional 1 or 2 bits can be used to indicate which non-anchor carrier carries SIB1-NB if SIB1-NB is configured to be transmitted on non-anchor carriers. The indication can be in terms of offset from the anchor carriers, e.g. ± 1 PRB or {±1, ±2} PRBs. 
· For in-band/guard-band scenarios, system BW needs to be indicated as the guard-band carrier locations are different for different system BW. As only system BW of 5, 10, 15 and 20MHz has guard-band NB-IoT carrier, 2 bits would be sufficient for the indication of system BW. 

If this scenario is supported for SIB1-NB transmission on non-anchor carrier in TDD NB-IoT, 1 additional bit would be needed to indicate whether the non-anchor carrier is in-band or guard-band carrier, to differentiate from the in-band/in-band or guard-band/guard-band scenarios. As there are many possible pairs of in-band and guard-band carriers, to reduce the number of bits needed for the indication, it is preferred to limit the in-band and guard-band carrier candidates for this scenario. For example, only the in-band carriers next to the system BW edge, and the guard-band carriers closest to the in-band carriers can be the potential pair of in-band and guard-band carriers. With this limitation, there are two pairs at two sides of the system BW, and thus 1 bit can be used to indicate one out of the two pairs. In summary, at least 4 bits are needed to support this scenario, where 2 bits for indication of system BW, 1 bit for indication of non-anchor in-band or guard-band carrier and 1 bit for indication which non-anchor carrier configured for SIB1-NB transmission. 

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 in FDD NB-IoT), it is preferred to use limited reserved bits in MIB-NB. Thus, it is preferred to not support the scenario with anchor in-band carrier and non-anchor guard-band carrier, as all the 4 bits need to be out of the reserved bits in MIB-NB. On the other hand, for scenario with anchor guard-band carrier and non-anchor in-band carrier, there are 3 spare bits in the 5-bit field for indication of raster offset, which can be used for the indication of SIB1-NB transmission on non-anchor carrier. Thus, the scenario with anchor guard-band carrier and non-anchor in-band carrier can be supported. As there are 3 spare bits in additional to reserved bits in MIB-NB, 1 out of these 3 bits can be used to indicate whether the non-anchor carrier is in-band or guard-band, while up to 2 remaining bits can be used to indicate the location of in-band non-anchor carrier, e.g., one out of the two in-band carriers that are closest to each side of the system BW edge.
· For guard-band/guard-band scenarios, similar to above case, the system BW needs to be indicated via 2 bits. Recall that there are 1, 2, 4, and 5 guard-band carriers on each side for system BW of 5, 10, 15 and 20 MHz, respectively. There is no need of explicit indication for 5 MHz system BW. For other system BWs, 1 or 2 bits can be used to indicate the offset from the anchor carrier, where the offset can be in terms of ±1 or {±1, ±2} carriers.
In conclusion, it is preferred to support the in-band/in-band, guard-band anchor/in-band non-anchor, guard-band/guard-band and standalone/standalone scenarios. The indication methods are summarized in Table 2.
	Scenarios
	1 reserved bit
	2 additional reserved bits
	Up to 3 bits in 5-bit field for indication of raster offset

	In-band/in-band
	SIB1-NB on anchor or non-anchor
	Offset from anchor carrier
	N/A

	Guard-band anchor + in-band non-anchor
	
	System BW
	1 bit to indicate whether non-anchor is in-band or guard-band. 
Up to 2 additional bits to indicate the in-band non-anchor carrier.

	Guard-band/guard-band
	
	System BW
	1 bit to indicate whether non-anchor is in-band or guard-band. 
Up to 2 additional bits to indicate the offset from the anchor carrier.

	Standalone/standalone
	
	Offset from anchor carrier
	N/A


Table 2. Example of indication method for non-anchor carrier location for SIB1-NB transmission
Proposal 1:

· Support SIB1-NB transmission on non-anchor carrier, for SIB1-NB with 4, 8 and 16 repetitions.

Proposal 2:

· For SIB1-NB transmission on non-anchor carrier, the SIB1-NB scheduling information is indicated by 4 bits in MIB-NB as in FDD NB-IoT.

· The starting radio frame is interpreted the same as in FDD NB-IoT. 

· Support in-band/in-band, guard-band anchor/in-band non-anchor, guard-band/guard-band and standalone/standalone scenarios for SIB1-NB transmission on non-anchor carrier. 
· 1 reserved bit in MIB-NB indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier.
· 2 reserved bits in MIB-NB indicate the offset from anchor carrier for in-band/in-band and standalone/standalone scenarios, and the system BW for scenarios with guard-band anchor carrier.

· 3 spare bits in 5-bit field for indication of raster offset can be used to indicate the non-anchor carrier locations for scenarios with guard-band anchor carrier. 
2.2 SIB1-NB scheduling and transmission on anchor carrier

For SIB1-NB transmission on anchor carrier, there was a proposal to transmit SIB1-NB in subframes other than subframe #0. This needs indication in MIB-NB, and thus additional reserved bits would be used. However, as discussed above, 3 reserved bits are needed for the indication of SIB1-NB transmission on non-anchor carrier. In addition, there are other features in Rel-15 feNB-IoT (e.g. indication of additional SIB1-NB transmission), which also uses some reserved bits in MIB-NB. Considering the forward compatibility and the limited number of reserved bits in MIB-NB, it is preferred to fix the subframe index for SIB1-NB transmission on anchor carrier. The inter-cell interference can be mitigated by configuring SIB1-NB to non-anchor carriers. Therefore, it is preferred to always transmit SIB1-NB on subframe #0 on anchor carrier, and the last row of the indication table for starting radio frame agreed in last RAN1 meeting can be confirmed, i.e. starting radio frame number for SIB1-NB repetitions of 16 is SFN mod 256 = 1 for all PCIDs. 
Proposal 3:

· SIB1-NB transmission on anchor carrier is on subframe #0 in every odd-numbered radio frame. 

· The starting radio frame of SIB1-NB with 16 repetitions is SFN mod 256 = 1 for all PCIDs.

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 4:

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

2.3 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 during 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 5:
· 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.
2.4 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 6:
· 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 for DL transmission, 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:

· Support SIB1-NB transmission on non-anchor carrier, for SIB1-NB with 4, 8 and 16 repetitions.

Proposal 2:

· For SIB1-NB transmission on non-anchor carrier, the SIB1-NB scheduling information is indicated by 4 bits in MIB-NB as in FDD NB-IoT.

· The starting radio frame is interpreted the same as in FDD NB-IoT. 

· Support in-band/in-band, guard-band anchor/in-band non-anchor, guard-band/guard-band and standalone/standalone scenarios for SIB1-NB transmission on non-anchor carrier. 
· 1 reserved bit in MIB-NB indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier.
· 2 reserved bits in MIB-NB indicate the offset from anchor carrier for in-band/in-band and standalone/standalone scenarios, and the system BW for scenarios with guard-band anchor carrier.

· 3 spare bits in 5-bit field for indication of raster offset can be used to indicate the non-anchor carrier locations for scenarios with guard-band anchor carrier. 
Proposal 3:

· SIB1-NB transmission on anchor carrier is on subframe #0 in every odd-numbered radio frame. 

· The starting radio frame of SIB1-NB with 16 repetitions is SFN mod 256 = 1 for all PCIDs.

Proposal 4:

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

Proposal 5:
· 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 6:
· 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 for DL transmission, which only counts the valid DL subframes. 
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