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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to support for TDD.

Support for TDD [RAN1, RAN2, RAN4]
In RAN #90 and #90bis meetings, the following agreements and working assumptions on support for TDD were achieved for downlink aspects [2] [3].
· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15.
· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.

· Other SIBs than  SIB1-NB can be transmitted on non-anchor carrier. 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

· 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)

· 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.

· NPSS uses the last 11 OFDM symbols in one subframe

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

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

In this contribution, we discuss the remaining details on downlink aspects to support TDD NB-IoT.
2 SIB1-NB transmission for TDD

It is supported that SIB1-NB can be transmitted on non-anchor carrier. There have two options for SIB1-NB transmission on non-anchor carrier.  

· Option 1: SIB1-NB is transmitted on only non-anchor carrier.

· Option 2: SIB1-NB is transmitted on both anchor carrier and non-anchor carrier.

For both Option 1 and Option 2, at least 1 bit should be added in MIB-NB to indicate whether or not SIB1-NB is transmitted in non-anchor carrier. Non-anchor carrier location can be predefined or be indicated in MIB-NB. The predefined location related to anchor carrier can avoid additional control overhead while non-anchor carrier location indicated in MIB-NB can bring deployment flexibility to some extent. Option 2 has the following disadvantages: 1) SIB1-NB is still transmitted on anchor carrier which cannot furthest resolve the downlink control and data blocking issue. 2) Frequent retuning would cause additional power consumption. 3) Frequent retuning would significantly reduce performance of cross-subframe channel estimation. 4) The UE needs to keep time-frequency tracking on two NB-IoT carriers. 5) When number of SIB1-NB repetitions is 16, the inter-cell interference coordination performance of Option 2 is worse than that of Option1. Considering the above reasons, SIB1-NB transmitted on both anchor carrier and non-anchor carrier is not supported, i.e., SIB1-NB is transmitted on anchor or  non-anchor carrier. 

Proposal 1: It is supported that SIB1-NB is transmitted only on non-anchor carrier.

For anchor carrier, if number of SIB1-NB repetitions is 4 or 8, subframe #0 in odd radio frame can be used for SIB1-NB transmission. If number of SIB1-NB repetitions is 16, to keep the same inter-cell interference coordination performance as FDD, additional subframe(s) besides subframe #0 in odd radio frame should be considered for SIB1-NB transmission. Up to now, the supported TDD configurations for NB-IoT are shown in table A.1. For TDD configuration 1, subframe #0 in odd radio frame and subframe #4 in even radio frame can be used for SIB1-NB transmission. For TDD configuration 2, 3, 4 and 5, considering that NRS in subframe #9 is beneficial for joint channel estimation, subframe #0 in odd radio frame and subframe #8 in even radio frame can be used for SIB1-NB transmission. Additional subframe (subframe #4 or subframe #8) for SIB1-NB transmission is indicated by MIB-NB. Similar to FDD, the actual subframe used for SIB1-NB transmission in TDD NB-IoT is determined by PCID.
For non-anchor carrier, subframe #0, or subframe #0 and subframe #5 can be considered for SIB1-NB transmission. If subframe #0 is used for SIB1-NB transmission, the same inter-cell interference coordination performance as FDD can be kept. Subframe #0 and subframe #5 used for SIB1-NB transmission can further improve the inter-cell interference coordination performance. In addition, if power boosting in a NB-IoT carrier can be adjusted according to different subframe index, subframe(s) for SIB1-NB transmission on non-anchor carrier can be kept the same as those on anchor carrier. In this case, power boosting can be applied to subframes for SIB1-NB transmission on non-anchor carrier since corresponding subframes on anchor carrier are not used for NPSS/NSSS/NPBCH. However, the inter-cell interference coordination performance may be reduced.
Proposal 2: Regarding subframe(s) available for SIB1-NB transmission on anchor carrier, 

· if number of SIB1-NB repetitions is 4 or 8, subframe #0 in odd frames  is available.

· if number of SIB1-NB repetitions is 16,

· subframe #0 in odd frames and subframe #4 in even frames are available for TDD UL/DL configuration 1

· subframe #0 in odd frames and subframe #8 in even frames are available for TDD UL/DL configuration 2, 3, 4 and 5.

Proposal 3: For SIB1-NB transmission on a non-anchor carrier, if power boosting on a carrier can be adjusted for different subframes, available subframes are the same as ones on anchor carrier; otherwise, subframe #0 or subframe #0 and subframe #5 are available.
3 NPDCCH and NPDSCH transmission for TDD

For in-band operation mode, to adequately improve performance and reduce delay, special subframe with more than 3 OFDM symbols in DwPTS can be used for NPDCCH/NPDSCH transmission. For special subframe with 3 OFDM symbols in DwPTS, the first two OFDM symbols are used as LTE PDCCH region. In this case, only the third OFDM symbol used for enhanced reference signal or NPDCCH/NPDSCH transmission is meaningless. 

For guard-band operation mode, to adequately improve performance and reduce delay, at least special subframe with more than 3 OFDM symbols in DwPTS can be used for NPDCCH/NPDSCH transmission. For special subframe with 3 OFDM symbols in DwPTS, to avoid unnecessary resource waste, it can be used for enhanced reference signal or also for NPDCCH/NPDSCH transmission. The special subframe with 3 OFDM symbols in DwPTS used for enhanced reference signal is beneficial to improve measurement performance.  

Proposal 4: Special subframe with 3 DwPTS symbols is not used in in-band operation mode.

· FFS in guard band operation mode

Proposal 5: Special subframes with number of DwPTS symbols larger than 3 can be used for NPDCCH/NPDSCH transmission. 

For TDD NB-IoT, NPDCCH transmission in normal subframe can reuse the design in FDD NB-IoT. Whether to define new NPDCCH structure for the NPDCCH to be transmitted in special subframe needs further study. For example, to simplify the design, NPDCCH resource mapping can be done according to the available REs.

For NPDSCH, cyclic repetition in FDD NB-IoT can be reused for TDD. In this case, part of NPDSCH repetitions may include special subframes, and the other part of NPDSCH repetitions does not include special subframes. So, the number of available REs for different NPDSCH repetitions may be different. In this case, whether to introduce new TBS determination for NPDSCH containing special subframes should be considered. From the perspective of simple and common design, the new TBS determination for NPDSCH would not be introduced. The eNB can adaptively configure MCS level for NPDSCH by implementation. 
When subframes for an NPDSCH repetition include special subframes, potential resource mapping schemes include: 

· Option 1: Resource mapping is done according to all available REs of the allocated subframes

· Option 2: For each allocated subframe of an NPDSCH repetition, resource mapping is done same as normal subframe. In this case, mapping in GP or UpPTS symbols will be punctured in special subframes.

For Option 1, the identical complex symbols may be in non-adjacent subframes with relatively lager interval, which is not beneficial for symbol-level combination. Compared with Option 1, Option 2 is more beneficial for symbol-level combination. In addition, common design for FDD and TDD can be achieved for Option 2.

Proposal 6: For TDD NB-IoT, when special subframe is used for NPDCCH transmission, NPDCCH resource mapping is done according to the available REs.

Proposal 7: For TDD NB-IoT, when special subframe is used for NPDSCH transmission, NPDSCH resource mapping is done same as normal subframe. 

-    Mapping in GP or UpPTS symbols is punctured.

4 NRS design for TDD

For NRS in normal downlink subframes of TDD NB-IoT, NRS pattern similar to FDD NB-IoT can be reused. For NRS in special subframes of TDD NB-IoT with more than 3 DwPTS OFDM symbols, as shown in Figure 1, the OFDM symbols used for NRS transmission can be the same as those used for TDD LTE DL DMRS. For guard band operation, if special subframes with 3 DwPTS OFDM symbols can be used for NPDCCH/NPDSCH transmission, the OFDM symbols used for NRS can be the last 2 DwPTS OFDM symbols or middle DwPTS OFDM symbol.  
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Figure 1 Example of NRS pattern for special subframe with more than 3 DwPTS OFDM symbols

In FDD NB-IoT, the NRS sequence is initialized in every radio frame. Compared with FDD NB-IoT, the subframes that can be used for NRS transmission are relatively less in TDD. The initialization period of NRS sequence can be extended to every 8 radio frames for TDD NB-IoT.
Proposal 8: For special subframes with more than 3 DwPTS OFDM symbols, the OFDM symbols used for NRS transmission are the same as LTE DL DMRS. 

5 Subframes for paging opportunity for TDD

Regarding the subframes used for paging opportunity (PO), the following two options can be considered.

· Option -1: Subframe #0, #1, #5 #6 of every radio frames can be used for PO as shown in Table 1.

· Option -2: Compared with FDD NB-IoT, fewer subframes can be used for PO in TDD. For example, subframe #0 and subframe #5 of every radio frames can be used for PO.

Table 1 PO subframes for TDD NB-IoT

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


Compared with FDD NB-IoT, the available downlink subframes may be much fewer, thus the capacity target for single carrier may be relaxed. In this case, the same subframes for PO as FDD is not necessary. Similar to FDD NB-IoT, the TDD NB-IoT UEs can acquire system information before receiving paging. There is no need to consider the collision issue of paging and common channels. Paging transmission will be postponed when collision occurs.

Proposal 9: Compared with FDD NB-IoT, it is suggested to use less subframes for PO in TDD.

6 OTDOA for TDD NB-IoT
As described in [1], NPRS subframe configuration Part A and Part B shall be used for OTDOA in TDD NB-IoT. For NPRS subframe configuration Part A, NPRS subframe bitmap is used to indicate NPRS subframe within a NPRS occasion. Each bit in NPRS subframe bitmap is corresponding to a DL subframe. The length of NPRS subframe bitmap is the same as that of valid DL subframe bitmap in TDD NB-IoT.

Proposal 10: For NPRS subframe configuration Part A in TDD NB-IoT, length of NPRS subframe bitmap is the same as length of valid DL subframe bitmap in which each bit of the bitmap is corresponding to a DL subframe.
For subframe configurations Part B, 
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is used to indicate NPRS occasion period. 
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in FDD NB-IoT can be set to 160 ms, 320 ms, 640 ms or 1280 ms. Considering that DL subframes are not continuous in TDD NB-IoT, larger value of 
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such as 2560 ms can be considered. 
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is used to indicate subframe number within a NPRS occasion. The 
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value {10, 20, 40, 80, 160, 320, 640, 1280} in FDD NB-IoT can be reused for TDD. 
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 is used to indicate starting subframe offset of NPRS occasion, the value 
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in FDD NB-IoT can be reused for TDD.
Proposal 11: For NPRS subframe configuration Part B, 

· Values of 
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and 
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in FDD NB-IoT can be reused for TDD. 

· Larger value of 
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can be considered for TDD.

In Rel-14 NB-IoT, NPRS muting pattern is bitstring with length of 2, 4, 8 and 16 bits. For Part A, one bit in the bitstring is corresponding to consecutive 10 subframes. For Part B, one bit in the bitstring is corresponding to a NPRS occasion. Rel-14 NPRS muting pattern can be reused for TDD.

Proposal 12: Rel-14 NPRS muting pattern can be reused for TDD.

PRS is not transmitted in special subframe in TDD LTE. In TDD NB-IoT, special subframe is not used for NPRS transmission.

Proposal 13: Special subframe is not used for NPRS transmission in TDD NB-IoT. 
7 Conclusions

In this contribution, we have discussed the remaining details on downlink aspects to support TDD NB-IoT. We make the following  proposals:

Proposal 1: It is supported that SIB1-NB is transmitted only on non-anchor carrier.

Proposal 2: Regarding subframe(s) available for SIB1-NB transmission on anchor carrier, 

· if number of SIB1-NB repetitions is 4 or 8, subframe #0 in odd frames  is available.

· if number of SIB1-NB repetitions is 16,

· subframe #0 in odd frames and subframe #4 in even frames are available for TDD UL/DL configuration 1

· subframe #0 in odd frames and subframe #8 in even frames are available for TDD UL/DL configuration 2, 3, 4 and 5.

Proposal 3: For SIB1-NB transmission on a non-anchor carrier, if power boosting on a carrier can be adjusted for different subframes, available subframes are the same as ones on anchor carrier; otherwise, subframe #0 or subframe #0 and subframe #5 are available. 

Proposal 4: Special subframe with 3 DwPTS symbols is not used in in-band operation mode.

· FFS in guard band operation mode

Proposal 5: Special subframes with number of DwPTS symbols larger than 3 can be used for NPDCCH/NPDSCH transmission. 
Proposal 6: For TDD NB-IoT, when special subframe is used for NPDCCH transmission, NPDCCH resource mapping is done according to the available REs.

Proposal 7: For TDD NB-IoT, when special subframe is used for NPDSCH transmission, NPDSCH resource mapping is done same as normal subframe. 

-    Mapping in GP or UpPTS symbols is punctured.

Proposal 8: For special subframes with more than 3 DwPTS OFDM symbols, the OFDM symbols used for NRS transmission are the same as LTE DL DMRS. 

Proposal 9: Compared with FDD NB-IoT, it is suggested to use less subframes for PO in TDD.

Proposal 10: For NPRS subframe configuration Part A in TDD NB-IoT, length of NPRS subframe bitmap is the same as length of valid DL subframe bitmap in which each bit of the bitmap is corresponding to a DL subframe.
Proposal 11: For NPRS subframe configuration Part B, 

· Values of 
[image: image12.wmf]NPRS

N

and 
[image: image13.wmf]a

in FDD NB-IoT can be reused for TDD. 

· Larger value of 
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can be considered for TDD.

Proposal 12: Rel-14 NPRS muting pattern can be reused for TDD.

Proposal 13: Special subframe is not used for NPRS transmission in TDD NB-IoT. 
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Appendix

Table A.1 TDD 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
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