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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. 

In RAN #90, #90bis and #91 meetings, the following agreements and working assumptions on support for TDD were achieved for downlink aspects [2], [3], [4].
· 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 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.

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

· 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

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

· 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

· 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)

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

· At least for 16 repetitions 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 guard-band and stand-alone scenarios

· FFS: Cases for 4 and 8 repetitions

· The radio frame is determined by table-1
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In RAN #92 meeting, the following agreements were achieved for downlink aspects [5].
· On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE.
· For starting radio frame number for 16 SIB1-NB repetitions, support the following

· When SF#0 is used for 16 SIB1-NB repetitions on anchor carrier, 

	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	16
	All PCIDS
	SFN mod 256 = 1


· When SF#4 is used for 16 SIB1-NB repetitions on anchor carrier, 

	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


· Working assumptions: For 8 repetitions for SIB1-NB transmission, SIB1-NB can be transmitted on non-anchor carrier.

· The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:

· In-band anchor + in-band non-anchor

· Guard-band anchor + guard-band non-anchor, 

· FFS which guard-band combinations the signaling will permit

· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)

· Standalone anchor + standalone non-anchor

· Agreement for NPDSCH, and working assumption for NPDCCH:


· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 

· FFS if all DwPTS configurations are supported for NPDCCH

· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 

· FFS if all numbers of repetitions of NPDCCH are supported

· FFS if all aggregation levels of NPDCCH are supported

· FFS on NRS mapping

In this contribution, we discuss the remaining issues on downlink aspects to support TDD NB-IoT.

2 SIB1-NB transmission for TDD

Issue#1: On an anchor carrier with 16 SIB1-NB repetitions, how to indicate SIB1-NB transmitted on subframe #0 or subframe #4?

To save the overhead, joint coding is used for indication of the TBS of SIB1-NB, number of SIB1-NB repetitions and subframe location of SIB1-NB transmission. As shown in Table 1, For SIB1-anchor transmission on anchor carrier, SchedulingInfoSIB1 field in MIB-NB can be used.

Table 1 Indication of TBS, repetition number and subframe location for anchor SIB1-NB transmission

	Value of schedulingInfoSIB1
	TBS for SIB1-NB
	Number of SIB1-NB repetitions 

and subframe location

	0
	208
	4

	1
	208
	8

	2
	208
	16, subframe #0

	3
	208
	16, subframe #4

	4
	328
	4

	5
	328
	8

	6
	328
	16, subframe #0

	7
	328
	16, subframe #4

	8
	440
	4

	9
	440
	8

	10
	440
	16, subframe #0

	11
	440
	16, subframe #4

	12
	680
	4

	13
	680
	8

	14
	680
	16, subframe #0

	15
	680
	16, subframe #4


Proposal 1: For SIB1-NB transmission on anchor carrier, TBS, repetition number and subframe location can be indicated by “schedulingInfoSIB1” field in MIB-NB, according to Table 1. 

Issue#2: Which subframe(s) is used for SIB1-NB transmission on non-anchor carrier?

For SIB1-NB transmission on non-anchor carrier, to achieve better inter-cell interference coordination, besides subframe #0, other subframe(s) should be considered for SIB1-NB transmission. Considering that subframe #5 is always downlink subframe for all TDD configurations and is a non-MBSFN subframe, subframe #5 can be used for SIB1-NB transmission. 
Similar to SIB1-NB transmission on anchor carrier, joint coding of the TBS, repetition number and subframe location of SIB1-NB transmission on non-anchor carrier can be indicated by SchedulingInfoSIB1 field in MIB-NB as shown in Table 2.

Table 2 Indication of TBS, repetition number and subframe location for non-anchor SIB1-NB transmission

	Value of schedulingInfoSIB1
	TBS for NPDSCH
	Number of NPDSCH repetitions 

and subframe

	0
	208
	8, subframe #0

	1
	208
	8, subframe #5

	2
	208
	16, subframe #0

	3
	208
	16, subframe #5

	4
	328
	8, subframe #0

	5
	328
	8, subframe #5

	6
	328
	16, subframe #0

	7
	328
	16, subframe #5

	8
	440
	8, subframe #0

	9
	440
	8, subframe #5

	10
	440
	16, subframe #0

	11
	440
	16, subframe #5

	12
	680
	8, subframe #0

	13
	680
	8, subframe #5

	14
	680
	16, subframe #0

	15
	680
	16, subframe #5


Proposal 2: On a non-anchor carrier with SIB1-NB transmission, SIB1-NB can be transmitted on either subframe #0 or subframe #5.
- TBS of SIB1-NB transmission on non-anchor carrier, repetition number and subframe location can be indicated by “schedulingInfoSIB1” field in MIB-NB, according to Table 2. 
For SIB1-NB transmission on non-anchor carrier, the starting frame for SIB1-NB transmission is determined by Table 3.
Table 3 Starting radio frame for non-anchor SIB1-NB 
	Number of SIB1-NB  repetitions
	PCID
	Starting radio frame number for SIB1-NB repetitions

	8
	PCID mod 2 = 0
	SFN mod 256 = 1

	
	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


Proposal 3: For SIB1-NB transmission on non-anchor carrier, starting radio frame is determined by Table 3.
Issue#3: How to determine frequency location of non-anchor for SIB1-NB transmission for any supported combination of operation modes?

· Combination #1: In-band anchor + in-band non-anchor

For in-band anchor + in-band non-anchor combination, the following candidates of in-band non-anchor carrier for SIB1-NB transmission can be considered: 

· Option 1: The 2 adjacent PRBs (higher and lower) relative to anchor PRB. [6] [7] [8] [10]

· Option 2: The 4 adjacent PRBs (2 higher and 2 lower) relative to anchor PRB. [12] [13]

· Option 3: The higher/lower adjacent PRB relative to anchor PRB. [9]

Option 1 needs 1 bit to indicate the frequency location of non-anchor SIB1-NB transmission. Compared with Option 1, Option 2 needs one more bit. Since the RBG size is different for different LTE system bandwidth, Option 3 can’t always ensure that anchor PRB and non-anchor PRB are on the same RBG and may have negative impact on LTE scheduling. Option 1 can avoid such negative impact by selecting the adjacent PRB which is in the same RBG of the anchor PRB as non-anchor PRB. Considering the tradeoff of overhead and flexibility, Option 1 is the best choice.  In this case, one unused bit in MIB-NB is used to indicate one of the two adjacent PRBs relative to anchor PRB. 
Proposal 4: For the combination of in-band anchor and in-band non-anchor, the two PRBs adjacent to anchor PRB are the candidate frequency locations of non-anchor for SIB1-NB transmission.
· Combination#2: Guard-band anchor + guard-band non-anchor

The center frequency of guard-band anchor and absolute offset from guard-band anchor NB-IoT edge to LTE in-band edge is shown in Table 4.

Table 4 Guard-band anchor carrier frequency location

	LTE bandwidth (MHz)
	5 
	10 
	15 
	20

	Anchor carrier frequency (kHz)
	Fc + 2392.5 /

Fc - 2392.5
	Fc + 4597.5 / 
Fc - 4597.5
	Fc + 6892.5 /

Fc - 6892.5
	Fc + 9097.5 / Fc - 9097.5

	absolute offset from guard-band anchor edge to LTE in-band edge (kHz)
	45
	0
	45
	0


The NB-IoT UE can acquire which side of guard-band the anchor NB-IoT locates according to whether rasterOffset is positive or negative. Since the rasterOffset of odd LTE system bandwidth is 7.5 kHz and the rasterOffset of even system bandwidth is 2.5 kHz, the NB-IoT UE can know whether LTE system bandwidth is even or odd according to the absolute value of rasterOffset.

For guard-band anchor + guard-band non-anchor combination, as shown in Table 5, the following candidates of guard-band non-anchor carrier for SIB1-NB transmission can be considered: 
Table 5
	
	Candidates for 10, 15 and 20 MHz BW
	Candidates for 5 MHz BW

	Option #1 [6] [8] [9]
	The 2 or 4 adjacent PRBs relative to anchor PRB
	Not supported

	Option #2 [6] [13] 
	The 2 or 4 adjacent PRBs relative to anchor PRB
	The opposite guard-band PRB

	Option #3 [12]
	The opposite guard-band PRB
	The opposite guard-band PRB

	Option #4
	The single adjacent PRB relative to anchor PRB and the opposite guard-band PRB
	The opposite guard-band PRB


Option #1 can’t support 5 MHz system bandwidth. For Option #1, #2 and #4, when system bandwidth is 10 MHz, 15 MHz or 20 MHz and the non-anchor PRB is adjacent to anchor PRB, non-anchor PRB may suffer more serious out-of-band interference or cause more serious out-of-band interference. For Option 3, non-anchor PRB is always the mirror image of the anchor PRB according to LTE center frequency. Unified design can be used for different LTE bandwidth. In this case, information of LTE system bandwidth and the frequency location of anchor PRB (in which side of the two guard-bands) are needed to determine the frequency location of non-anchor PRB. The frequency location of anchor PRB can be determined according to whether rasterOffset is positive or negative. The absolute value of rasterOffset (7.5 kHz or 2.5 kHz) can determine the LTE bandwidth is odd or even. By using additional one bit is needed to indicate the specific LTE system bandwidth the frequency location of non-anchor PRB can be acquired according to Table 6. For example, if the value of rasterOffset is -7.5 kHz, guard-band non-anchor PRB locates in Fc - 2392.5 kHz or Fc - 6892.5 kHz. The frequency location of guard-band non-anchor PRB is Fc - 2392.5 kHz for 5 MHz LTE system bandwidth while the location is Fc - 6892.5 kHz for 15 MHz LTE system bandwidth. By indicating the LTE system bandwidth is 5 MHz or 15 MHz, the specific frequency location of non-anchor guard-band PRB can be determined.

Table 6 Frequency location of non-anchor PRB
	Value of rasterOffset (kHz)
	1-bit information to indicate specific system bandwidth
	LTE system bandwidth (MHz)
	The frequency location of non-anchor PRB (kHz)

	2.5
	0
	10
	Fc + 4597.5

	
	1
	20
	Fc + 9097.5

	-2.5
	0
	10
	Fc - 4597.5

	
	1
	20
	Fc - 9097.5

	7.5
	0
	5
	Fc + 2392.5

	
	1
	15
	Fc + 6892.5

	-7.5
	0
	5
	Fc - 2392.5

	
	1
	15
	Fc - 6892.5


Proposal 5: For the combination of guard-band anchor and guard-band non-anchor, non-anchor PRB for SIB1-NB transmission is placed in the opposite guard-band. 

· Combination#3: Guard-band anchor + in-band non-anchor

For guard-band anchor + in-band non-anchor combination, the following candidates of in-band non-anchor carrier for SIB1-NB transmission can be considered: 

· Option #1: The in-band PRB close to guard-band and placed in the edge of LTE transmission bandwidth. [6] [9]
· Option #2: The two in-band PRBs that are closest to each side of the system BW edge. [13]
For Option #2, multiple bits are needed to indicate the LTE system bandwidth and the frequency location of non-anchor PRB. For Option #1, since in-band non-anchor PRB is close to the guard-band anchor, the frequency location of in-band non-anchor PRB can be determined when the information of whether LTE system bandwidth is even or odd and which side of guard-bands the anchor PRB locates is acquired. Information of whether LTE system bandwidth is even or odd can be determined by the absolute value of rasterOffset. Value of 7.5 kHz is corresponding to odd system bandwidth while 2.5 kHz is corresponding to even system bandwidth. The side of guard-band which anchor PRB locates in can be determined according to whether the value of rasterOffset is positive or negative. No additional indication bit is required for Option #1.
Proposal 6: For the combination of guard-band anchor and in-band non-anchor, non-anchor PRB for SIB1-NB transmission is the in-band PRB close to guard-band and placed in the edge of LTE bandwidth.

- There is no need to add explicit information in MIB-NB to determine the frequency location of in-band non-anchor PRB for SIB1-NB transmission.

For in-band non-anchor carrier for SIB1-NB transmission, inband-samePCI mode can be supported if the UE can get the CRS sequence information and same number of CRS ports are assumed for CRS and NRS. For non-anchor inband-samePCI case, based on the assumption that non-anchor PRB for SIB1-NB transmission is the in-band PRB close to guard-band and placed in the edge of LTE bandwidth, the UE can get the CRS sequence information if one more bit information can further tell the specific LTE system bandwidth.
If anchor PRB is in guard-band, one additional bit is needed for non-anchor guard-band case. For non-anchor in-band-DifferentPCI case, since there is no need to indicate the frequency location of in-band anchor PRB, the additional bit can be used for indication of number of LTE CRS ports. 
Proposal 7: For guard-band anchor, the operation mode of in-band non-anchor carrier for SIB1-NB transmission can be samePCI mode.

Proposal 8: For guard-band anchor and non-anchor SIB1-NB transmission case, 
· Additional 2 bit information is needed to further indicate the operation mode of non-anchor (guard-band, inband-SamePCI or inband-DifferentPCI) 
· For guard-band non-anchor, to determine the frequency location of non-anchor PRB, additional 1 bit information (carrierLocationSIB1) is needed to further indicate the specific LTE system bandwidth. 
· For inband-SamePCI non-anchor, to determine the CRS sequence, additional 1 bit information (additional-CRS-SequenceInfo) is needed to further indicate the specific LTE system bandwidth.
· For inband-DifferentPCI non-anchor, additional 1 bit information (eutra-NumCRS-Ports) is needed to further indicate the number of CRS ports.
· Combination 4: Standalone anchor + standalone non-anchor

For standalone anchor + standalone non-anchor combination, the following candidates of standalone non-anchor carrier for SIB1-NB transmission can be considered: 

· Option#1: The 2 adjacent carriers (higher and lower) relative to anchor carrier. [6] [7] [8] [10]

· Option#2: The 4 adjacent carriers (2 higher and 2 lower) relative to anchor carrier. [12] [13]
· Option#3: The higher/lower adjacent carrier relative to anchor carrier. [9]

Considering the tradeoff of overhead and flexibility, Option #1 is the best solution.

Proposal 9: For the combination of standalone anchor and standalone non-anchor, the 2 adjacent carriers relative to anchor carrier are the candidates of non-anchor carrier for SIB1-NB transmission. 

- Using 1 bit to indicate whether the non-anchor carrier is higher or lower adjacent carrier relative to anchor carrier. 
Table 7
	value
	Frequency location of standalone non-anchor carrier

	0
	The higher adjacent carrier relative to anchor carrier

	1 
	The lower adjacent carrier relative to anchor carrier


The specific value of center frequency interval between standalone anchor carrier and standalone non-anchor carrier is up to RAN 4.
Issue#4: Content design for MIB-NB?
Besides the MIB-NB contents in FDD NB-IoT, the following contents should be considered for MIB-NB in TDD NB-IoT:
· carrierInfoSIB1 (anchor or non-anchor, 1 bit): For SIB1-NB transmission, whether SIB1-NB transmission is on anchor or non-anchor carrier
· carriermodeSIB1 (1 bit): If anchor carrier is guard-band mode and SIB1-NB transmission is on non-anchor carrier, one bit information is needed to indicate the operation mode of non-anchor for SIB1-NB transmission.

· carrierLocationSIB1(1 bit): 
· If anchor carrier is in-band/standalone mode and SIB1-NB transmission is on non-anchor carrier, one bit is needed in MIB-NB to determine the carrier for SIB1-NB transmission.

· If anchor carrier is guard-band mode and SIB1-NB is on guard-band non-anchor carrier, one bit is needed in MIB-NB to tell the specific LTE system bandwidth information for determining the carrier location of SIB1-NB transmission
· additional-CRS-SequenceInfo (1 bit): if anchor carrier is guard-band and SIB1-NB transmission is on inband-SamePCI non-anchor, one bit is needed in MIB-NB to tell the specific LTE system bandwidth information for CRS sequence determination.

Table 8 MIB-NB for TDD NB-IoT
	systemFrameNumber-MSB (4 bits)

	hyperSFN-LSB (2 bits)

	systemInfoValueTag (5 bits)

	ab-Enabled (1 bit)

	carrierInfoSIB1 (anchor or non-anchor, 1 bit)

	schedulingInfoSIB1 (4 bits)

	operationModeInfo (2 bits)

	SIB1-NB is transmitted in anchor
	SIB1-NB is transmitted in non-anchor

	operationModeInfo
	operationModeInfo

	inband-SamePCI
	inband-DifferentPCI
	guard-band
	stand alone
	inband-SamePCI
	inband-DifferentPCI
	guard- band
	stand alone

	eutra-CRS-SequenceInfo (5 bits)
	raster Offset (2 bits)
	rasterOffset (2 bits)
	spare 

(6 bits)
	eutra-CRS-SequenceInfo (5 bits)
	rasterOffset (2 bits)
	rasterOffset (2 bits)
	carrierLocationSIB1

 (1 bit)

	
	
	
	
	
	
	
	spare (5 bits)

	
	eutra-NumCRS-Ports (1 bit)
	spare

(4 bits)
	
	
	eutra-NumCRS-Ports (1 bit)
	carrierModeSIB1 

(2 bit)
	

	
	spare (3 bits)
	
	
	
	carrierLocationSIB1

 (1 bit)
	
	

	
	
	
	
	
	Spare (2 bits)
	Guard-band
	inband-SamePCI
	inband-DifferentPCI
	

	
	
	
	
	
	
	carrierLocationSIB1 (1 bit)
	additional-CRS-SequenceInfo (1 bit)
	eutra-NumCRS-Ports (1 bit)
	

	spare (1 bits)
	
	
	
	carrierLocationSIB1 (1 bit)
	
	spare 

( 1 bits)
	

	spare (9 bits)


Proposal 10: MIB-NB contents in Table 8 are considered for TDD NB-IoT.
3 NPDCCH and NPDSCH transmission for TDD

Issue#1: For in-band mode, if the number of OFDM symbols in DwPTS is 3, whether NPDCCH transmission on special subframe is supported?

To improve the resource utilization as much as possible and simplify the design, the special subframe which supports NPDCCH transmission should indistinguishably support NPDCCH repetitions and NPDDCH transmission without repetitions.

For special subframes with 3 DwPTS symbols (corresponding to configurations #0 and #5), the first two symbols are used as LTE PDCCH region, and only the third OFDM symbol can be used. The size of DCI format N0/N1 (including CRC) is 40 bits. Single OFDM symbol at most includes 12 REs which is not enough to carry DCI format N0/N1 information. Special subframe with 3 DwPTS cannot be used for NPDCCH transmission.

Proposal 11: For in-band mode, NPDCCH on special subframe with 3 DwPTS symbols is not supported.
Issue#2: If all aggregation levels of NPDCCH are supported in special subframes?
For all numbers of NPDCCH repetitions, NPDCCH transmission in special subframe can be supported. For NPDCCH transmission without repetitions, for some special subframe configurations, DCI valid payloads can’t be carried by DwPTS or the DCI payload cannot be correctly decoded due to insufficient coding gain if NPDCCH aggregation level 1 is used. To avoid the above issue, for all special subframe configurations, NPDCCH transmission without repetitions cannot support NPDCCH aggregation level #1. 
Proposal 12: For all numbers of NPDCCH repetitions, NPDCCH transmission in special subframe can be supported.
· For NPDCCH without repetitions transmitted in special subframe, aggregation level #1 is not supported.

Issue#3: NPDCCH/NPDSCH resource mapping in special subframe?

The following options can be considered for NPDCCH/NPDSCH resource mapping in special subframe: 
· Option#1: The rate matching is performed according to the available REs in special subframes. [8] [15] [17]

· Option#2: The rate matching is done same as the regular full DL subframe. The mapping on GP and UpPTS symbols is punctured in any special subframe. [8] [14] [17]
Option #1 has better performance for single NPDCCH/NPDSCH transmission without repetitions. For NPDCCH with repetitions, each NPDCCH transmission is mapped to one subframe. Option 1 and Option 2 have similar performance for the case of NPDCCH with repetitions.
For NPDSCH with repetitions, cyclic repetition in FDD NB-IoT can be reused. In this case, part of NPDSCH repetitions may include special subframes, and the other part of NPDSCH repetitions does not include special subframes. For Option 1, the number of available REs for different NPDSCH repetitions may be different and the identical complex symbols may be in non-adjacent subframes with relatively lager interval, which is not beneficial for symbol-level combination. In addition, for NPDSCH repetitions, the mapping rule in normal subframe and in special subframe would be different which will increase the UE complexity. Option 2 is more beneficial for symbol-level combination. 
Proposal 13: When TDD special subframe is used for NPDCCH/NPDSCH transmission without repetitions, NPDCCH resource mapping is done according to the available REs.
Proposal 14: When TDD special subframe is used for NPDCCH/NPDSCH repetitions, the rate matching is done same as the regular full DL subframe.

-  The mapping in GP or UpPTS symbols is punctured.
Issue#4: Search space and candidate for TDD NB-IoT
For TDD NB-IoT, all search space types (including USS and CSS) defined in FDD NB-IoT can be directly reused. For normal subframes, the candidates defined in FDD NB-IoT can be reused for TDD NB-IoT. For special subframes, since AL #1 is not supported for NPDCCH transmission without repetitions in special subframes as discussed in Issue #3, candidate set of  {1, 1, 2} would not be monitored.
In FDD NB-IoT, Rmax is counted according to valid DL subframes while search space period T (T = Rmax * G) is counted according to physical subframes. In some TDD configurations, since only a small amount DL subframes can be used for NPDCCH transmission, it may cause extremely large T. Larger G should be considered to avoid the overlap of two adjacent search space. Compared with value set of G {1.5, 2, 4, 8, 16, 32, 48, 64} in FDD NB-IoT, the value set of G can be modified to {4, 8, 16, 32, 48, 64, 96, 128} in TDD NB-IoT. 

Proposal 15: For search space of TDD NB-IoT,

· The value set of G is modified to {4, 8, 16, 32, 48, 64, 96, 128}.

Considering the search space period in TDD NB-IoT may be larger than that of FDD NB-IoT, when the adjacent NPDDCH search space is overlapped, instead of dropping all search space, only dropping the overlapped candidates is beneficial to reduce the NPDCCH transmission delay in TDD NB-IoT.

Proposal 16: In TDD NB-IOT, when the adjacent NPDDCH search space is overlapped, only the overlapped candidates would be dropped.

Issue #5: DCI contents

For DCI format N0, except for ‘scheduling delay’ field, other fields (Subcarrier indication, Resource assignment, Modulation and coding scheme, Redundancy version, Repetition number, New data indicator, DCI subframe repetition number, HARQ process number) defined in FDD NB-IoT can be directly reused for NPUSCH scheduling in TDD NB-IoT. 
For DCI format N1, except for ‘scheduling delay’ and ‘HARQ-ACK resource’ fields, other fields (Resource assignment, Modulation and coding scheme, Repetition number, New data indicator, DCI subframe repetition number, HARQ process number) defined in FDD NB-IoT can be directly reused for NPDSCH scheduling in TDD NB-IoT.
For DCI format N2, all fields defined in FDD NB-IoT can be directly reused for TDD NB-IoT.

Proposal 17: Except for ‘scheduling delay’ and ‘and HARQ-ACK resource’ fields, other fields defined in FDD NB-IoT can be directly reused in TDD NB-IoT.
Issue #6: Whether DL gap is counted according to DL subframes? 
In FDD NB-IoT, DL gap is defined to avoid the block issue caused by NPDCCH/NPDSCH transmission of UEs in deep coverage. The DL gap is counted according to physical subframes in FDD NB-IoT. The number of DL subframes is very limited for some TDD configurations. If DL gap is counted according to physical subframes in TDD NB-IoT, since the DL subframes within the DL gap may be greatly reduced, the DL gap may not be large enough for DL transmission of UEs in good coverage.

Proposal 18: For NPDCCH/NPDSCH transmission in TDD NB-IoT, DL gap is counted according to DL subframes.
4 NRS mapping 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 (SS) of TDD NB-IoT with more than 3 DwPTS OFDM symbols, the OFDM symbols used for NRS transmission can be the same as those used for TDD LTE DL DMRS. As shown in Figure 1(a), for SS configuration #1, #2, #6 and #7, the 3rd, 4th, 6th, and 7th OFDM symbols in first slot can be used; as shown in Figure 1(b), for SS configuration #3, #4, and #8, the 3rd and 4th OFDM symbols in two slots can be used; and as shown in Figure 1(c), for SS configuration #9 and #10, the 3rd and 4th OFDM symbols in first slot can be used. 
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Figure 1 Example of NRS pattern for special subframes with more than 3 DwPTS OFDM symbols
For guard-band and standalone modes, special subframe configurations with 3 DwPTS OFDM symbols (i.e., SS configuration #0, and #5) can be used for NPDCCH/NPDSCH transmission. In order to ensure adequate REs for NPDCCH/NPDSCH transmission, only the last DwPTS OFDM symbol can be used for NRS transmission. 
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Figure 2 NRS pattern for special subframes with 3 DwPTS OFDM symbols in guard-band and standalone
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 19: For NRS in normal subframes, NRS pattern similar to FDD is reused. 

Proposal 20: For NRS transmission in special subframes (SS), 

- for SS configuration #1, #2, #6, #7, the 3rd, 4th, 6th, and 7th OFDM symbols in first slot are used.

- for SS configuration #3, #4, #8, the 3rd and 4th OFDM symbols in two slots are used.

- for SS configuration #9, #10, the 3rd and 4th OFDM symbols in first slot are used.

- for SS configuration #0, #5 in guard-band and standalone modes, the 3rd OFDM symbol in first slot is used.

Proposal 21:  The initialization period of NRS sequence is extended to every 8 radio frames for TDD.
5 Subframes for paging opportunity for TDD

Regarding the subframes used for paging opportunity (PO) in TDD NB-IoT, the existing PO paging subframe pattern in TDD LTE can be reused, i.e., subframe #0, #1, #5, #6 of every radio frames can be used for PO as shown in Table 9.

Table 9 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


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 22: The existing PO paging subframe pattern in TDD LTE can be reused for TDD NB-IoT.
· Paging transmission will be postponed to next valid DL subframe when it collides with NPSS, NSSS, NPBCH and SIB1-NB.
6 OTDOA for TDD NB-IoT
Issue #1: Whether special subframe for OTDOA?

In special subframes, since the number of DL symbols is limited, it may not be beneficial to have NPRS transmission, especially consider different cells need to have different NPRS frequency shift to avoid interference. 

Proposal 23: Special subframes are not used for NPRS transmission. 

Issue #2: TDD NB-IoT OTDOA configuration

For TDD NB-IoT OTDOA configuration, it is preferred to reuse FDD part A & part B scheme with necessary modification for TDD.
#Issue 2.1 Part A configuration
· Available NPRS subframe
When the repetition of SIB1 is 16, the available DL subframes for NPRS transmission on anchor carrier:
· When SIB1 is transmitted on Odd Frame subframe 0, the occupied DL subframes are indicated in Figure 3. In Table 10, available DL subframe for NPRS transmission are given.
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Figure 3 Occupied DL subframe status (SIB1 repetition times=16, SIB1 on odd frame subframe 0)

Table 10  Possible DL subframe position for NPRS

 (SIB1 repetition times=16, SIB1 on odd frame subframe 0)

	Uplink-downlink 

configuration
	Subframe number in Even Frame
	Subframe number in Odd Frame

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
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	U
	U
	D
	D
	S
	U
	U
	D
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	D
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	U
	D
	S
	U
	U
	D

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note 1: Red □ indicate possible DL subframe position for NPRS.
· When SIB1 is transmitted on subframe 4, the occupied DL subframes are indicated in Figure 4. In Table 11, available DL subframe for NPRS transmission are given.
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Figure 4 Occupied DL subframe status (SIB1 repetition times=16, SIB1 on frame subframe 4)

Table 11 Possible DL subframe position for NPRS 

(SIB1 repetition times=16, SIB1 on frame subframe 4)

	Uplink-downlink 

configuration
	Subframe number in Even Frame
	Subframe number in Odd Frame

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
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Note 1: Red □ indicate available subframe for NPRS 
Note 2: Blue □ indicate two subframe 4 in two consecutive frames, one of them can be used for SIB1 and the other can be used for NPRS

Observation 1: For Anchor carrier, the available subframe for NP Based on the analysis above, it is found that when SIB1 repetition is 16, all available subframe for NPRS are included in subframe set {0, 3, 4, 6, 7, 8}. According to different TDD UL/DL configuration, the available subframe set for NPRS is the subset of set {0, 3, 4, 6, 7, 8}.
When SIB1 repetition is 4 or 8, the available DL subframe for NPRS on anchor carrier is similar to the case when SIB1 repetition is 16.
RS transmission can be chosen from subframe set {0, 3, 4, 6, 7, 8}.
· Part A Bitmap

For TDD Part A bitmap is also used to indicate invalid subframes, as same as FDD Part A bitmap.

Since there are not many NPRS subframes in one TDD NB-IoT frame, to increase the flexibility of NPRS subframe configuration, Part A bitmap can be used to indicate multiple frames. For example, for part A bitmap length = 40 bits, it can support 4 consecutive frames (Frame i ~ Frame i +3), i is the frame index that satisfies mod (i, 4) = 0.

Also, considering special subframe and UL subframe will not be used for NPRS, to further reduce the overhead of Part A bitmap, the length of the bitmap can be set to 22. This is because for subframe index i that satisfies mod (i, 4) = 0 ,  for frame i and i + 2, 5  bits can be used to indicate subframes 3,4,6,7,8; for frame i +1 and i + 3, 6  bits can be used to indicate subframes 0,3,4,6,7,8.
Part A bitmap Length = 40 bits shall also be true for non-anchor carrier. Since there is no MIB, NPSS and NSSS in non-anchor, more DL subframe are available for NPRS transmission. Also considering in one frame there is no NPRS transmission in subframe 1 and subframe 2, the part A bitmap length can be set to 32bits.
Proposal 24: For TDD NB-IoT, Part A bitmap is used to indicate invalid DL subframe.
· NPRS Part A bitmap Length can be reduced to 22 bits for anchor carrier.
· NPRS Part A bitmap Length can be reduced to 32 bits for non-anchor carrier.
# Issue 2.2 Part B configuration
The Rel-14 FDD NPRS Part B configuration parameters, (
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) can also be used for TDD OTDOA. Considering the fact that the available DL subframe for NPRS transmission are not many in one TDD frame,  the range of parameter (
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 can be extended to {40, 80, 160, 320, 640, 1280, 2560, 5120}ms, and 
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 extended to {160, 320, 640, 1280, 2560, 5120}ms.
Proposal 25: TDD NPRS Part B configuration parameter (
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) can be extended.
Regarding the knowledge of neighboring cell related information, if Part B is used only, since different TDD carrier at different frequency band may use different UL/DL configuration, it is necessary to signal this information to the UE. If Part B is used together with Part A, the invalid subframe may be implicitly conveyed in Part A bitmap.

Observation 2: When only Part B is used to signal the NPRS configuration in NB-IoT TDD, the NB-IoT TDD configuration also needs to be signaled.

Issue #3: TDD NB-IoT NPRS muting

Rel-14 FDD NPRS muting pattern can be reused, both Part A and Part B can support muting pattern with length 2, 4, 8 and 16. For Part A, each bit in the pattern corresponds to one NPRS subframe indicated by one Part A bitmap; for Part B, each bit corresponds to one NPRS occasion.
Proposal 26: Rel-14 NPRS muting pattern is reused for TDD NPRS muting pattern.
7 Conclusions

In this contribution, we have discussed the remaining details on downlink aspects to support TDD NB-IoT. We make the following observations and proposals: 
Observation 1: For Anchor carrier, the available subframe for NPRS transmission can be chosen from subframe set {0, 3, 4, 6, 7, 8}.
Observation 2: When only Part B is used to signal the NPRS configuration in NB-IoT TDD, the NB-IoT TDD configuration also needs to be signaled.

Proposal 1: For SIB1-NB transmission on anchor carrier, TBS, repetition number and subframe location can be indicated by “schedulingInfoSIB1” field in MIB-NB, according to Table 1. 

Table 1 Indication of TBS, repetition number and subframe location for anchor SIB1-NB transmission

	Value of schedulingInfoSIB1
	TBS for SIB1-NB
	Number of SIB1-NB repetitions 

and subframe location

	0
	208
	4

	1
	208
	8

	2
	208
	16, subframe #0

	3
	208
	16, subframe #4

	4
	328
	4

	5
	328
	8

	6
	328
	16, subframe #0

	7
	328
	16, subframe #4

	8
	440
	4

	9
	440
	8

	10
	440
	16, subframe #0

	11
	440
	16, subframe #4

	12
	680
	4

	13
	680
	8

	14
	680
	16, subframe #0

	15
	680
	16, subframe #4


Proposal 2: On a non-anchor carrier with SIB1-NB transmission, SIB1-NB can be transmitted on either subframe #0 or subframe #5.
- TBS of SIB1-NB transmission on non-anchor carrier, repetition number and subframe location can be indicated by “schedulingInfoSIB1” field in MIB-NB, according to Table 2. 
Table 2 Indication of TBS, repetition number and subframe location for non-anchor SIB1-NB transmission

	Value of schedulingInfoSIB1
	TBS for NPDSCH
	Number of NPDSCH repetitions 

and subframe

	0
	208
	8, subframe #0

	1
	208
	8, subframe #5

	2
	208
	16, subframe #0

	3
	208
	16, subframe #5

	4
	328
	8, subframe #0

	5
	328
	8, subframe #5

	6
	328
	16, subframe #0

	7
	328
	16, subframe #5

	8
	440
	8, subframe #0

	9
	440
	8, subframe #5

	10
	440
	16, subframe #0

	11
	440
	16, subframe #5

	12
	680
	8, subframe #0

	13
	680
	8, subframe #5

	14
	680
	16, subframe #0

	15
	680
	16, subframe #5


Proposal 3: For SIB1-NB transmission on non-anchor carrier, starting radio frame is determined by Table 3.
Table 3 Starting radio frame for non-anchor SIB1-NB 
	Number of SIB1-NB  repetitions
	PCID
	Starting radio frame number for SIB1-NB repetitions

	8
	PCID mod 2 = 0
	SFN mod 256 = 1

	
	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


Proposal 4: For the combination of in-band anchor and in-band non-anchor, the two PRBs adjacent to anchor PRB are the candidate frequency locations of non-anchor for SIB1-NB transmission.
Proposal 5: For the combination of guard-band anchor and guard-band non-anchor, non-anchor PRB for SIB1-NB transmission is placed in the opposite guard-band. 

Proposal 6: For the combination of guard-band anchor and in-band non-anchor, non-anchor PRB for SIB1-NB transmission is the in-band PRB close to guard-band and placed in the edge of LTE bandwidth.

- There is no need to add explicit information in MIB-NB to determine the frequency location of in-band non-anchor PRB for SIB1-NB transmission.

Proposal 7: For guard-band anchor, the operation mode of in-band non-anchor carrier for SIB1-NB transmission can be samePCI mode.

Proposal 8: For guard-band anchor and non-anchor SIB1-NB transmission case, 

· Additional 2 bit information is needed to further indicate the operation mode of non-anchor (guard-band, inband-SamePCI or inband-DifferentPCI) 
· For guard-band non-anchor, to determine the frequency location of non-anchor PRB, additional 1 bit information (carrierLocationSIB1) is needed to further indicate the specific LTE system bandwidth. 
· For inband-SamePCI non-anchor, to determine the CRS sequence, additional 1 bit information (additional-CRS-SequenceInfo) is needed to further indicate the specific LTE system bandwidth.

· For inband-DifferentPCI non-anchor, additional 1 bit information (eutra-NumCRS-Ports) is needed to further indicate the number of CRS ports.
Proposal 9: For the combination of standalone anchor and standalone non-anchor, the 2 adjacent carriers relative to anchor carrier are the candidates of non-anchor carrier for SIB1-NB transmission. 

· Using 1 bit to indicate whether the non-anchor carrier is higher or lower adjacent carrier relative to anchor carrier. 
Proposal 10: MIB-NB contents in Table 8 are considered for TDD NB-IoT.
Table 8 MIB-NB for TDD NB-IoT
	systemFrameNumber-MSB (4 bits)

	hyperSFN-LSB (2 bits)

	systemInfoValueTag (5 bits)

	ab-Enabled (1 bit)

	carrierInfoSIB1 (anchor or non-anchor, 1 bit)

	schedulingInfoSIB1 (4 bits)

	operationModeInfo (2 bits)

	SIB1-NB is transmitted in anchor
	SIB1-NB is transmitted in non-anchor

	operationModeInfo
	operationModeInfo

	inband-SamePCI
	inband-DifferentPCI
	guard-band
	stand alone
	inband-SamePCI
	inband-DifferentPCI
	guard- band
	stand alone

	eutra-CRS-SequenceInfo (5 bits)
	raster Offset (2 bits)
	rasterOffset (2 bits)
	spare 

(6 bits)
	eutra-CRS-SequenceInfo (5 bits)
	rasterOffset (2 bits)
	rasterOffset (2 bits)
	carrierLocationSIB1

 (1 bit)

	
	
	
	
	
	
	
	spare (5 bits)

	
	eutra-NumCRS-Ports (1 bit)
	spare

(4 bits)
	
	
	eutra-NumCRS-Ports (1 bit)
	carrierModeSIB1 

(2 bit)
	

	
	spare (3 bits)
	
	
	
	carrierLocationSIB1

 (1 bit)
	
	

	
	
	
	
	
	Spare (2 bits)
	Guard-band
	inband-SamePCI
	inband-DifferentPCI
	

	
	
	
	
	
	
	carrierLocationSIB1 (1 bit)
	additional-CRS-SequenceInfo (1 bit)
	eutra-NumCRS-Ports (1 bit)
	

	spare (1 bits)
	
	
	
	carrierLocationSIB1 (1 bit)
	
	spare 

( 1 bits)
	

	spare (9 bits)


Proposal 11: For in-band mode, NPDCCH on special subframe with 3 DwPTS symbols is not supported.
Proposal 12: For all numbers of NPDCCH repetitions, NPDCCH transmission in special subframe can be supported.
· For NPDCCH without repetitions transmitted in special subframe, aggregation level #1 is not supported.

Proposal 13: When TDD special subframe is used for NPDCCH/NPDSCH transmission without repetitions, NPDCCH resource mapping is done according to the available REs.
Proposal 14: When TDD special subframe is used for NPDCCH/NPDSCH repetitions, the rate matching is done same as the regular full DL subframe.

· The mapping in GP or UpPTS symbols is punctured.
Proposal 15: For search space of TDD NB-IoT,

· The value set of G is modified to {4, 8, 16, 32, 48, 64, 96, 128}.

Proposal 16: In TDD NB-IOT, when the adjacent NPDDCH search space is overlapped, only the overlapped candidates would be dropped.

Proposal 17: Except for ‘scheduling delay’ and ‘and HARQ-ACK resource’ fields, other fields defined in FDD NB-IoT can be directly reused in TDD NB-IoT.
Proposal 18: For NPDCCH/NPDSCH transmission in TDD NB-IoT, DL gap is counted according to DL subframes.
Proposal 19: For NRS in normal subframes, NRS pattern similar to FDD is reused. 

Proposal 20: For NRS transmission in special subframes (SS), 

- for SS configuration #1, #2, #6, #7, the 3rd, 4th, 6th, and 7th OFDM symbols in first slot are used.

- for SS configuration #3, #4, #8, the 3rd and 4th OFDM symbols in two slots are used.

- for SS configuration #9, #10, the 3rd and 4th OFDM symbols in first slot are used.

- for SS configuration #0, #5 in guard-band and standalone modes, the 3rd OFDM symbol in first slot is used.

Proposal 21:  The initialization period of NRS sequence is extended to every 8 radio frames for TDD.
Proposal 22: The existing PO paging subframe pattern in TDD LTE can be reused for TDD NB-IoT.

· Paging transmission will be postponed to next valid DL subframe when it collides with NPSS, NSSS, NPBCH and SIB1-NB.

Proposal 23: Special subframes are not used for NPRS transmission. 

Proposal 24: For TDD NB-IoT, Part A bitmap is used to indicate invalid DL subframe.
· NPRS Part A bitmap Length can be reduced to 22 bits for anchor carrier.
· NPRS Part A bitmap Length can be reduced to 32 bits for non-anchor carrier.
Proposal 25: TDD NPRS Part B configuration parameter (
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) can be extended.
Proposal 26: Rel-14 NPRS muting pattern is reused for TDD NPRS muting pattern
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