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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]
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 addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41

In RAN #90 meeting, the following agreements were achieved for downlink aspects [2].
· 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

· 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

· 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

In this contribution, we discuss the detailed design on downlink aspects to support TDD NB-IoT.
2 NPSS/NSSS for TDD

For detection of NPSS, sliding correlation operation on time domain is used. For NPSS in TDD NB-IoT, in order not to increase additional detection complexity, the same sliding correlation time as FDD should be kept. In this case, the same NPSS interval as FDD (i.e., one radio frame) should be reused. For example, NPSS is transmitted in subframe #0 of each radio frame. For detection of NSSS, blind detection on given subframes can be used because frame and subframe timing has been acquired. For NSSS in TDD NB-IoT, the same interval as FDD (i.e., two radio frames) can be reused. For example, NSSS is transmitted in subframe #5 of each even radio frame. Alternatively, NSSS interval can be relaxed and twice of NSSS interval in FDD NB-IoT (i.e., four radio frames) can be considered for TDD NB-IoT. Keeping the same NSSS interval can reduce the power consumption for UE detecting while relaxing the interval is beneficial for reducing NSSS overhead. Similar to legacy LTE, TDD NB-IoT and FDD NB-IoT system can be distinguished by the relative location of NPSS and NSSS. The interval between NPSS and NSSS is 3 subframes for FDD NB-IoT while the interval between NPSS and NSSS is 4 subframes for TDD NB-IoT. In this case, the same NPSS sequence as FDD NB-IoT can be reused.

Proposal 1: Interval of NPSS/NSSS in TDD NB-IoT is the same as FDD.

Proposal 2: TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

3 MIB-NB, SIB1-NB and SI for TDD

The following three options can be considered for MIB-NB and SIB1-NB transmission.

· Option 1: MIB-NB and SIB1-NB are transmitted on anchor carrier. 

Option 1 can be used for the case that only anchor carrier or non-anchor carrier is available. In order to further reduce the DL control and data’s blocking issue on anchor carrier, MIB-NB and SIB1-NB period can be relaxed. For example, compared with FDD, MIB-NB and SIB1-NB period in TDD NB-IoT can be doubled. In this case, as shown in Figure 1, subframe #9 in every even radio frames can be used for MIB-NB transmission while subframe #9 in every odd frame can be used for SIB1-NB transmission.
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Figure 1 Example of transmitting MIB-NB and SIB1-NB on anchor carrier

Observation 1: For TDD NB-IoT, when MIB-NB and SIB1-NB are transmitted on anchor carrier, to reduce DL control and data’s blocking issue, MIB-NB and SIB1-NB period in TDD NB-IoT should be relaxed.
· Option 2: MIB-NB and SIB1-NB are transmitted on non-anchor carrier. 

Option 2 is applicable for non-anchor carrier available case. By using Option 2, all TDD configurations can be supported.  MIB-NB and SIB1-NB period can keep the same as that of FDD. As shown in Figure 2, subframe #0 in every radio frame on non-anchor carrier can be used for MIB-NB transmission while subframe #5 in every radio frame on non-anchor carrier can be used for SIB1-NB transmission. 
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Figure 2 Example of transmitting MIB-NB and SIB1-NB on non-anchor carrier

Observation 2: For TDD NB-IoT, when MIB-NB and SIB1-NB are transmitted on non-anchor carrier, all the TDD uplink-downlink configurations can be supported and MIB-NB/SIB1-NB period can keep the same as FDD. 

· Option 3: MIB-NB is transmitted on anchor carrier and SIB1-NB is transmitted on non-anchor carrier

Option 3 is applicable for non-anchor carrier available case. To support all TDD configurations, MIB-NB period should be doubled compared with FDD. For example, as shown in Figure 3, subframe #5 in every odd radio frame on anchor carrier can be used for MIB-NB transmission and subframe #0 in every radio frame on non-anchor carrier can be used for SIB1-NB transmission. 
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Figure 3 Example of transmitting SIB1-NB on non-anchor carrier

Observation 3: For TDD NB-IoT, when SIB1-NB is transmitted on non-anchor carrier, if MIB-NB period is doubled compared with FDD, all TDD uplink-downlink configurations can be supported.

From the perspective of scheduling flexibility, eNB can select one option according to TDD uplink-downlink configuration, available non-anchor carriers, and required system information acquisition delay. Specifically, NSSS can be used to indicate whether MIB-NB is transmitted on non-anchor carrier. When MIB-NB is transmitted on non-anchor carrier, the non-anchor carrier position also should be indicated by NSSS. As a choice, cyclic shift in NSSS can be used to indicate above information. In this case, the UE should decode MIB-NB by blindly detecting radio frame timing. For SIB1-NB, if MIB-NB is being transmitted on non-anchor carrier, SIB1-NB would also be transmitted on the same non-anchor carrier. Otherwise, MIB-NB can be used to indicate whether SIB1-NB is transmitted on non-anchor carrier. Similarly, when SIB1-NB is being transmitted on non-anchor carrier, the non-anchor carrier position also should be indicated by MIB-NB.

Proposal 3: MIB-NB can be transmitted on non-anchor carrier. 

· The non-anchor carrier information is indicated by NSSS.
Proposal 4: SIB1-NB can be transmitted on non-anchor carrier.

In RAN1 #90 meeting, it was agreed that “Other SIBs than SIB1-NB can be transmitted on non-anchor carrier”. The carrier information to transmit other SI messages is indicated in SIB1-NB. Specifically, carrier information for each SI message can be indicated respectively or single carrier information is indicated for all SI messages. 
Proposal 5: Carrier information for other SIBs is indicated by SIB1-NB.
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, as shown in Figure 2, the OFDM symbols used for NRS are the same as those used for TDD LTE DL DMRS.
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Figure 2 Example of NRS pattern for special subframe

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 6: For special subframes, OFDM symbols for NRS are the same as LTE DL DMRS. 

5 Subframes for paging opportunity for TDD NB-IoT

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

6 NPDCCH and NPDSCH for TDD NB-IoT

For TDD NB-IoT, NPDCCH transmission in normal subframe can reuse the design in FDD NB-IoT. If NPDCCH can be transmitted in special subframe, whether to define new NPDDCH structure 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 each transmission of NPDSCH repetitions may be different. In this case, whether to adjust TBS for NPDSCH repetition containing special subframes should be considered. From the perspective of simple design, the TBS would not be adjusted. The eNB can adaptively configure the MCS level 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 8: For TDD NB-IoT, when special subframe is used for NPDCCH transmission, NPDCCH resource mapping is done according to the available REs.

Proposal 9: 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.
7 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 
[image: image9.wmf]NPRS

N

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 
[image: image11.wmf]}

8

7

,

8

6

,

8

5

,

8

4

,

8

3

,

8

2

,

8

1

,

0

{

Î

a

in FDD NB-IoT can be reused for TDD.
Proposal 11: For NPRS subframe configuration Part B, 

· Values of 
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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. 
8 Conclusions

In this contribution, we have discussed the detailed design on downlink aspects to support TDD NB-IoT. We make the following observations and proposals:

Observation 1: For TDD NB-IoT, when MIB-NB and SIB1-NB are transmitted on anchor carrier, to reduce DL control and data’s blocking issue, MIB-NB and SIB1-NB period in TDD NB-IoT should be relaxed.
Observation 2: For TDD NB-IoT, when MIB-NB and SIB1-NB are transmitted on non-anchor carrier, all the TDD uplink-downlink configurations can be supported and MIB-NB/SIB1-NB period can keep the same as FDD. 

Observation 3: For TDD NB-IoT, when SIB1-NB is transmitted on non-anchor carrier, if MIB-NB period is doubled compared with FDD, all TDD uplink-downlink configurations can be supported.

Proposal 1: Interval of NPSS/NSSS in TDD NB-IoT is the same as FDD.

Proposal 2:  TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

Proposal 3: MIB-NB can be transmitted on non-anchor carrier. 

· The non-anchor carrier information is indicated by NSSS.
Proposal 4: SIB1-NB can be transmitted on non-anchor carrier.

Proposal 5: Carrier information for other SIBs is indicated by SIB1-NB.
Proposal 6: For special subframes, OFDM symbols for NRS are the same as LTE DL DMRS. 

Proposal 7: Compared with FDD NB-IoT, it is suggested to use less subframes for PO in TDD.

Proposal 8: For TDD NB-IoT, when special subframe is used for NPDCCH transmission, NPDCCH resource mapping is done according to the available REs.

Proposal 9: 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 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 
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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.

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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