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.1 Introduction

In RAN1 #90, #90bis, #91, #92 and #92bis meetings, the following agreements and working assumptions on support for TDD were achieved for downlink aspects [1].

	RAN1#90 agreements:
· 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

· 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

	RAN1#90bis agreements:

· 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.
· 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.

· 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.

RAN1#90bis working assumptions:
· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15.

	RAN1#91 agreements:
· 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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	RAN1#92 agreements:
· 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.
· 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

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

	RAN1#92bis agreements:
· For SIB1-NB transmission in TDD on an anchor carrier, the subframe index and TBS are indicated by schedulingInfoSIB1 as follows:
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· For 16 and 8 repetitions of SIB1-NB on a non-anchor carrier, the starting radio frame is as follows:

Number of SIB1-NB repetitions

PCID

Starting radio frame number for SIB1-NB repetitions (nf mod 256)

16 

PCID mod 2 = 0

 0
PCID mod 2 = 1

1
8

PCID mod 2 = 0

0

PCID mod 2 = 1

16

· When SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame

· One transport block of SIB1-NB is transmitted over 16 SIB1-NB subframes 

· 16 SIB1-NB subframes carry encoded bits of SIB1-NB continuing reading them from circular buffer.

· For non-anchor carrier transmission of SIB1-NB
· MIB-NB has 3 bits to indicate the number of repetitions/TBS

· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier

· `For In-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB
· FFS guard-band combinations
· For standalone+standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.

· For normal subframes, NRS resource mapping is the same as FDD.
· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each slot

· For special subframe configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot.

· For special subframe configurations #1, #2, #6 and #7, NRS is mapped to

· The 6th and 7th symbols of the first slot

· For special subframe configuration #0 and #5, NRS is not transmitted


In this document, the remaining issues are summarized. Specifically, key views from submitted docs for these issues, together with recommended proposals, are provided.
.2 Issues and Proposals
.2.1 SIB1-NB transmission on non-anchor carrier
Issue #1: For guard-band anchor, if in-band non-anchor for SIB1-NB transmission can be samePCI mode?

Proposal from Huawei, HiSilicon [3]

For guard-band anchors, the spare bits in Guardband-NB indicate the following:

… …
· The gap between the edge of LTE transmission bandwidth and guard-band anchors in case SIB1-NB non-anchor carrier is in-band (for samePCI = true and false)

Proposal from ZTE [5]

For guard-band anchor, frequency location of non-anchor PRB for SIB1-NB transmission is one of following candidates:

· The in-band PRB close to guard-band and in the edge of LTE bandwidth.

· Both inband-SamePCI and inband-DifferentPCI can be supported.

Proposal from LG [7]

When an anchor-carrier is guard-band operation mode, SIB1-NB can be transmitted upon a non-anchor carrier in in-band with same PCI mode.

Proposal from Intel [10]

For SIB1-NB transmission on non-anchor carrier, support guard-band anchor + in-band non-anchor for both differentPCI and samePCI cases. 
Recommended proposal:

For guard-band anchor, in-band non-anchor for SIB1-NB transmission can be samePCI mode.
Issue #2: For guard-band anchor, potential frequency locations of non-anchor for SIB1-NB transmission and how to indicate

Proposal form Ericsson [2]

When SIB1-NB is transmitted on a non-anchor carrier, from RAN1 perspective, it is possible and beneficial to support SIB-NB non-anchor carrier to be transmitted on the guard-band, if the anchor carrier is transmitted in the guard-band. 
Proposal from Huawei, HiSilicon [3]

For guard-band anchors, whether the SIB1-NB non-anchor carrier is located at a higher or lower frequency relative to anchor PRB is indicated by 1 bit in MIB-NB.
Proposal from ZTE [5]

For guard-band anchor, frequency location of non-anchor PRB for SIB1-NB transmission is one of following candidates:

· The in-band PRB close to guard-band and in the edge of LTE bandwidth.

· Both inband-SamePCI and inband-DifferentPCI can be supported.

· The PRB adjacent to anchor PRB in the same guard-band

· The opposite guard-band PRB (PRB in the symmetrical position of the other guard-band side)

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

· MIB-NB has 2 bits (carriermodeSIB1) to indicate the selected frequency location candidate of non-anchor SIB1-NB transmission:

· 00: The in-band PRB (operated in inband-SamePCI) close to guard-band and placed in the edge of LTE bandwidth.

· 01: The in-band PRB (operated in inband-DifferentPCI) close to guard-band and placed in the edge of LTE bandwidth.

· 11: The PRB adjacent to anchor PRB in the same guard-band

· 10: The opposite guard-band PRB

· For guard-band non-anchor, additional 1 bit information (carrierLocationSIB1) is needed to determine the frequency location of non-anchor PRB,

Proposal from Lenovo, Motorola [6]

For non-anchor carrier of guardband mode, only “neighboring” carrier to anchor carrier can be potential candidates and the carriers of mirroring position to the anchor carrier are excluded.

Non-anchor carrier frequency position is indicated by additional 1bit “frequency offset” and “rasterOffset-r13” in MIB for guardband mode.

Proposal from LG [7]

When SIB1-NB is transmitted upon a non-anchor carrier and an anchor-carrier is guard-band operation mode, 3 spare bits in guardband-r13 of MIB-NB are used as follows:

· One bit is used to specify the LTE bandwidth between 5 and 15MHz or between 10 and 20MHz

· Two bits are used to specify the one of the following 4 pairings of anchor and non-anchor SIB1-NB transmissions

· SIB1-NB is transmitted in the same guard-band side as the anchor-carrier

· SIB1-NB is transmitted in the opposite guar-band side as the anchor-carrier

· SIB1-NB is transmitted in in-band with a different PCI mode

· SIB1-NB is transmitted in in-band with a same PCI mode

Proposal from Qualcomm [9]

For guardband, the 1-bit freqInfoSIB1 in MIB-NB is used to indicate the SIB1-NB non-anchor on either the adjacent lower carrier or the adjacent higher carrier relative to the anchor carrier and the frequency location is further determined by the signalled raster offset.
Proposal from Intel [10]

· Symmetric guard-band non-anchor carrier for the guard-band anchor + guard-band non-anchor case, and the in-band carrier that is closest to the anchor carrier for the guard-band anchor + in-band non-anchor case

· For guard-band anchor case, 3 spare bits in the 5-bit field for indication of raster offset are used for the indication of SIB1-NB transmission on non-anchor carrier:
· 1 bit indicates whether the SIB1-NB non-anchor carrier is in-band or guard-band carrier. 

· For guard-band non-anchor carrier with SIB1-NB transmission, 1 bit indicates the system bandwidth.

· For in-band non-anchor carrier with SIB1-NB transmission, 

· 1 bit indicates whether it is samePCI or differentPCI.

· 1 bit indicates the number of LTE CRS ports for differentPCI case and the system bandwidth for samePCI case.

Observation:

For guard-band anchor, frequency location candidates of non-anchor PRB for SIB1-NB transmission is one of following alternatives.

· Alt 1: 

· The PRB adjacent to anchor PRB in the same guard-band

· The PRB in the opposite guard-band side (Symmetric guard-band)
· The in-band PRB close to guard-band and in the edge of LTE bandwidth.

· Alt 2: 

· The adjacent lower carrier relative to the anchor carrier
· The adjacent higher carrier relative to the anchor carrier
· Alt 3: 

· Symmetric guard-band
· The in-band carrier that is closest to the anchor carrier
Recommended proposal:

When SIB1-NB is transmitted on a non-anchor carrier and the anchor-carrier is guard-band mode, MIB-NB indicates:

·  One of the following possible locations for the non-anchor NB-IoT carrier for SIB1-NB transmission is indicated in MIB-NB:
· The NB-IoT carrier adjacent to anchor carrier in the same guard-band and to the outer side of the guard-band, i.e. the side away  from the LTE carrier
· The NB-IoT carrier in the opposite guard-band side and closest to the edge of the LTE carrier
· The in-band PRB (samePCI=true) at the edge of the LTE carrier and on the same side as the anchor carrier.
· For 5 MHz and 15 MHz LTE system bandwidth, the offset between the NB-IoT carriers is 45 kHz.
· The in-band PRB (samePCI=false) at the edge of the LTE carrier and on the same side as the anchor carrier.

· For 5 MHz and 15 MHz LTE system bandwidth, the offset between the NB-IoT carriers is 45 kHz.

· If non-anchor PRB is in the opposite guard-band side (symmetric guard-band) or in-band samePCI, the LTE bandwidth between 5 and 15MHz or between 10 and 20MHz

· For in-band samePCI=false case, the number of LTE CRS ports.

Issue #3: For standalone anchor, the frequency offset between anchor and SIB1-NB non-anchor carrier

Proposal form Ericsson [2]

In stand-alone operation mode, when SIB1-NB is transmitted on a non-anchor carrier, from RAN1 perspective, it is possible and beneficial to support SIB1-NB to be transmitted non-anchor carrier. The relative frequency offset for the non-anchor carrier to the anchor carrier can be given, e.g., in number of 180 kHz PRBs, or in number of 200 kHz NB-IoT channel bandwidth.
Proposal from Huawei, HiSilicon [3]

For standalone anchors, the frequency offset between anchor and SIB1-NB non-anchor carrier is specified as 200 kHz with no signaling.
Proposal from LG [7]
When an anchor-carrier is standalone operation mode and SIB1-NB is transmitted upon a non-anchor carrier, reserved bit(s) in standalone-r13 is used for signaling the absolute value of frequency offset between the anchor-carrier and the non-anchor carrier for SIB1-NB.

· The exact absolute value is determined by RAN4

Proposal from Samsung [8]

Send an LS to RAN4 to ask the offset of adjacent carriers (+/-180kHz or +/-200kHz) for standalone operation in TDD.
Recommended proposal:

For standalone anchors, the frequency offset between anchor and SIB1-NB non-anchor carrier is specified as 200 kHz with no signaling. (Yutao)
Issue #4: Other SIBs transmission on a non-anchor carrier
Proposal from Huawei, HiSilicon [3]

For other SIBs transmission on a non-anchor carrier, the valid subframe on anchor is valid on other SIBs non-anchor carrier. The subframes corresponding to NPSS/NSSS/NPBCH/SIB1-NB on anchor are considered valid on other SIBs non-anchor.

Other SIBs non-anchor carrier can be different than SIB1-NB non-anchor carrier.
Proposal from Lenovo, Motorola [6]
SI message except SIB1-NB can be transmitted on anchor carrier or non-anchor carrier by scheduling information in SIB1-NB.
Observation:

Related issue is being discussed in RAN2 email discussion.

Issue #5: Other contents of MIB-NB for TDD NB-IoT

· Issue #5.1: Indication of SIB1-NB transmission in anchor or non-anchor

Proposal from ZTE [5], Samsung [8], Intel [10]:

1 reserved bit in MIB-NB indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier.
Recommended proposal:

One bit in MIB-NB indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier.
· Issue #5.2: Indication of number of LTE CRS ports 

Proposal from Huawei, HiSilicon [3]

For guard-band anchors, the spare bits in Guardband-NB indicate the following:

· The number of LTE CRS ports in case SIB1-NB non-anchor carrier is in-band (for samePCI = true and false). The cell-specific shift for CRS is given by NB-IoT PCID mod 6

Proposal from ZTE [5]
Number of LTE CRS ports is indicated for inband_DifferentPCI case.

Proposal from LG [7]

When an anchor-carrier is guard-band operation mode and SIB1-NB is transmitted upon a non-anchor carrier in-band operation mode, the number of NRS antenna ports used for SIB1-NB transmission and the number of CRS antenna ports upon the non-anchor carrier used for SIB1-NB transmission are given as follows:

· The numbers of NRS and CRS antenna ports are the same as that of NRS ports on the anchor-carrier if the non-anchor carrier is in-band same PCI mode

· The numbers of NRS antenna ports is the same as that of the anchor-carrier, and UE assumes the number of CRS ports is 4 until the completion of SIB1-NB decoding if the non-anchor carrier is in-band different PCI mode

Proposal from Intel [10]

For guard-band anchor case, 3 spare bits in the 5-bit field for indication of raster offset are used for the indication of SIB1-NB transmission on non-anchor carrier:
· 1 bit indicates whether the SIB1-NB non-anchor carrier is in-band or guard-band carrier. 

· For guard-band non-anchor carrier with SIB1-NB transmission, 1 bit indicates the system bandwidth.

· For in-band non-anchor carrier with SIB1-NB transmission, 

· 1 bit indicates whether it is samePCI or differentPCI.

· 1 bit indicates the number of LTE CRS ports for differentPCI case and the system bandwidth for samePCI case.

Recommended proposal:

For in-band non-anchor for SIB1-NB transmission, 1 bit indicates the number of LTE CRS ports for differentPCI case. 
· Issue #5.3: Indication of system bandwidth for non-anchor in-band samePCI case 

Proposal from ZTE [5]
Besides the MIB-NB contents in FDD NB-IoT, the following contents should be considered for MIB-NB in TDD NB-IoT:

· 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.

Proposal from LG [7]

When SIB1-NB is transmitted upon a non-anchor carrier and an anchor-carrier is guard-band operation mode, 3 spare bits in guardband-r13 of MIB-NB are used as follows:

· One bit is used to specify the LTE bandwidth between 5 and 15MHz or between 10 and 20MHz

· Two bits are used to specify the one of the following 4 pairings of anchor and non-anchor SIB1-NB transmissions

· SIB1-NB is transmitted in the same guard-band side as the anchor-carrier

· SIB1-NB is transmitted in the opposite guar-band side as the anchor-carrier

· SIB1-NB is transmitted in in-band with a different PCI mode

· SIB1-NB is transmitted in in-band with a same PCI mode

Proposal from Intel [10]

· For guard-band anchor case, 3 spare bits in the 5-bit field for indication of raster offset are used for the indication of SIB1-NB transmission on non-anchor carrier:
· 1 bit indicates whether the SIB1-NB non-anchor carrier is in-band or guard-band carrier. 

· For guard-band non-anchor carrier with SIB1-NB transmission, 1 bit indicates the system bandwidth.

· For in-band non-anchor carrier with SIB1-NB transmission, 

· 1 bit indicates whether it is samePCI or differentPCI.

· 1 bit indicates the number of LTE CRS ports for differentPCI case and the system bandwidth for samePCI case.

Recommended proposal:

For guard-band anchor and in-band non-anchor for SIB1-NB transmission, one spare bit in MIB-NB indicate the system bandwidth for samePCI case. 
Others

Proposal from Ericsson [2]

Send LS to RAN2 to consult the feasibility of reducing the size of SIB1-NB.

Proposal from ZTE [5]

The signaling scheme for NRS-CRS power offset in FDD NB-IoT is reused for TDD NB-IoT.
Proposal from LG [7]

When SIB1-NB is transmitted upon a non-anchor carrier, downlinkBitmap and nrs-CRS-PowerOffset in SIB1-NB are interpreted as follows depending on the pairing of anchor and non-anchor SIB1-NB transmissions:

· When the non-anchor carrier used to transmit SIB1-NB is guard-band or standalone operation mode, downlinkBitmap is applied to both carriers

· When the non-anchor carrier used to transmit SIB1-NB is in-band operation mode,

· if the anchor-carrier is in-band operation mode,

· downlinkBitmap is applied to both carriers

· nrs-CRS-PowerOffset is applied to the anchor-carrier and how to inform of NRS power offset between NRS and E-UTRA CRS upon the non-anchor carrier is determined by RAN2

· if the anchor-carrier is guard-band operation mode,

· nrs-CRS-PowerOffset is applied to the corresponding non-anchor carrier

· downlinkBitmap is applied to both carriers

Recommended proposal:

In TDD NB-IoT, power offset between NRS and LTE CRS of the in-band carrier should be signaled to the UE. How to signal is determined by RAN2.
Valid subframe configuration is related to TDD common topic and the configuration details can be handled by RAN2. 

.2.2 NRS for TDD

#Issue 1: NRS subframe position
Proposal from Ericsson [2], Huawei, HiSilicon [3]

Before obtaining the operation mode information (MIB-NB), the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS. 

On an anchor carrier for SIB1-NB, before the UE obtains SIB1-NB, the UE may assume NRS are transmitted in SF#0 not containing NSSS, SF#9, and SF#4 if SF#4 is configured for SIB1-NB transmission.

Proposal from Ericsson [2]
After obtaining the SIB1-NB, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS, and subframe #4, if subframe #4 is configured for SIB1-NB transmission, as well as other valid DL subframes, including special subframes in which NRSs are supported. 

Proposal from Huawei, HiSilicon [3]

On a non-anchor carrier for SIB1-NB, the UE may assume NRS are transmitted in SF#0 and SF#5 before the UE obtains SIB1-NB.

Proposal from ZTE [5]
On anchor carrier in TDD NB-IoT, an NB-IoT UE may assume NRS transmission in all valid downlink subframes on anchor carriers.

On non-anchor carrier in TDD NB-IoT, an NB-IoT UE may assume that

· NRSs are transmitted in 10 NB-IoT downlink subframe before and 4 NB-IoT downlink subframes after the NPDCCH 

· NRSs are transmitted in 4 NB-IoT downlink subframe before and 4 NB-IoT downlink subframes after the scheduled NPDSCH. 

· NRSs are transmitted in all valid downlink subframes if the non-anchor carrier is configured for SIB1-NB and/or other SIBs transmission.

Proposal from LG [7]
UE can expect NRSs in the following subframes

· before UE decodes MIB-NB, subframes #0 not containing NSSS and in subframes #9

· after UE decodes MIB-NB and if SIB1-NB is transmitted in subframes #4, subframes #4 used for SIB1-NB transmission upon an anchor-carrier additionally

· after UE decodes MIB-NB and if SIB1-NB is transmitted upon non-anchor carrier, subframes #0, #5, and #9 within the following radio frames on the corresponding carrier

· Radio frames from [2] radio frames before the radio frame where SIB1-NB is transmitted in the cell to [1] radio frames after the radio frame where SIB1-NB is transmitted in the cell

For CRS-less special subframe configuration #10, DwPTS in a valid special subframe can be used for NB-IoT downlink transmission

· UE expects NRS in DwPTS only when NPDSCH is scheduled in the corresponding DwPTS

· UE is allowed to expect CRS on the 5th OFDM symbol additionally only when NRS is transmitted in the corresponding DwPTS

Proposal from Qualcomm [9]
For the anchor carrier, UE assumes that NRS is transmitted in subframe #0 not containing NSSS, #9, #4 if used for SIB1-NB, and any other valid DL subframes based on the valid subframe configuration in SIB1-NB
For the non-anchor carrier where the SIB1-NB is transmitted, UE may assume that NRS is transmitted in subframe #0, #5, #9 and any other valid DL subframes based on the valid subframe configuration in SIB1-NB

Recommended proposals:

For an anchor carrier, before obtaining the operation mode information (MIB-NB), the UE may assume NRSs are transmitted in SF #9 and SF #0 not containing NSSS. 
On an anchor carrier for SIB1-NB, before the UE obtains SIB1-NB, the UE may assume NRSs are transmitted in SF#0 not containing NSSS, SF #9, and SF #4 if SF #4 is configured for SIB1-NB transmission. After the UE obtains SIB1-NB, the UE may assume NRS are also transmitted in any other valid DL subframe, including special subframe in which NRS is supported.

On a non-anchor carrier for SIB1-NB, the UE may assume NRS are transmitted in SF #0 and SF #5 before the UE obtains SIB1-NB.
In CRS-less special subframe configuration 10, UE may assume NRS are transmitted in DwPTS when DwPTS is used for NPDSCH and not otherwise.
Other issues
Proposal from Ericsson [2]

Consider supporting NRS patterns for 4 antenna ports for TDD NB-IoT and to support SFBC for 4 antenna ports. 
Proposal from ZTE [5]
NSSS aided measurement accuracy enhancement in Rel-15 FDD NB-IoT is reused for TDD NB-IoT
.2.3 NPDCCH and NPDSCH transmission for TDD
Issue #1: NPDSCH resource mapping in special subframe
Proposal from Ericsson [2]
For NPDSCH without repetition, rate matching is used in the presence of special subframes in an RU, without supporting code rate larger than 0.9 after rate matching. 
For NPDSCH with repetition, the same TBS table is used for TDD NB-IoT as FDD NB-IoT. The special subframes are not counted for the TB mapping, i.e., NSF does not include special subframes. 
For NPDSCH with repetition, the special subframes can be used to repeat its nearest valid subframe on the symbol level. 

Proposal from Huawei, HiSilicon [3]

NPDCCH and NPDSCH are punctured in special subframes around GP and UpPTS.
Punctured modulation symbols for different special subframes can be different by a cyclic shift before mapping the modulation symbols to the special subframe.

Proposal from Nokia, NSB [4]

One DwPTS with sufficient symbols can be considered as a single RU for the transmission of NPDSCH without repetition. FFS the case NPDSCH with repetitions. 
Proposal from ZTE [5]

When TDD special subframe is used for NPDCCH/NPDSCH transmission without repetitions, NPDCCH resource mapping is done according to the available REs.
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.

· The mapping in NRS RE(s) is punctured.

· The starting symbol for NPDCCH/NPDSCH mapping in special subframe is the same as that for normal subframes.

Proposal from LG [7]

For NPDCCH/NPDSCH with repetition, OFDM symbols in a DL subframe are repeated on DwPTS with following principles:

· All available NB-IoT OFDM symbols in a DwPTS are used for NPDCCH/NPDSCH transmissions.
· On OFDM symbols with NRS(or CRS) in a DwPTS, OFDM symbols with same NRS(or CRS) pattern in a DL subframe are repeated.
· If the number of available OFDM symbols with CRS in a DwPTS is larger than the number of available OFDM symbols with CRS in a DL subframe, OFDM symbol(s) without reference signal in a DL subframe is repeated on the OFDM symbol(s) with CRS.

· In this case, REs of DL subframe on CRS position of DwPTS are punctured.

· On OFDM symbols without reference signals in a DwPTS, OFDM symbols without reference signals in a DL subframe are repeated
For NPDSCH without repetition, rate matching is used.

Proposal from Qualcomm [9]
For NPDSCH without repetition or with a non-cyclic repetition, the rate matching shall be used for RE mapping in the special subframe.
For NPDSCH with cyclic repetition, the special subframe is counted for NPDSCH RE mapping only for special subframe configuration #1, #2, #6 and #7 with the mapping on the GP and UpPTS symbols punctured.

Proposal from Intel [10]
· The RE mapping for NPDCCH/NPDSCH transmission during DwPTS is as follows.
· For NPDCCH/NPDSCH transmission with repetitions, the rate matching follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· For NPDCCH/NPDSCH transmission without repetitions, consider the rate matching to available REs within DwPTS.

Observation:

For NPDSCH without repetition, 

· Alt 1: Rate matching is used for RE mapping in the special subframe. 

· Supported company: Ericsson,  ZTE, LG, Qualcomm, Intel

· Alt 2: NPDSCH are punctured in special subframes around GP and UpPTS.

· Supported company: Huawei, HiSilicon
Recommended proposal:

For NPDSCH without repetition, rate matching is used for RE mapping in the special subframe. 

Recommended proposals:

For NPDSCH with repetition/cyclic repetition, 

· The resource mapping in special subframe is down selected from the following alternatives:

· Alt 1: follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· Alt 2: repeats its nearest valid subframe on the symbol level to the corresponding DwPTS part

· Alt 3: repeat the symbols in DL subframe to corresponding symbols in special subframe according to whether the symbol includes reference RE

· Special subframe configurations that can be counted for number of NPDSCH repetitions is down selected from the following Options: 
· Option 1: Special subframe configuration  #1, #2, #6 and #7 
· Option 2: Special subframe configurations that can be used for NPDSCH transmission

· Option 3: All special subframe configurations are not counted for NPDSCH transmission
Issue #2: NPDCCH resource mapping in special subframe
Proposal from Ericsson [2]
For NPDCCH, when Rmax =1 or 2, rate matching can be considered for special subframe, if UE complexity is not a problem. 
For larger Rmax, it is preferred to use special subframes to repeat its nearest valid subframe on the symbol level, and the special subframes are not counted in the number of repetitions in an NPDCCH candidates. 

Proposal from Huawei, HiSilicon [3]

NPDCCH and NPDSCH are punctured in special subframes around GP and UpPTS.
Punctured modulation symbols for different special subframes can be different by a cyclic shift before mapping the modulation symbols to the special subframe.

NPDCCH/NPDSCH starting position in special subframe is indicated by one bit in Rel-15 TDD NB-IoT.

Proposal from Nokia, NSB [4]

One DwPTS with sufficient symbols can be considered for the transmission of NPDCCH without repetition. An NCCE can be mapped on 6 consecutive OFDM symbols on all 12 subcarriers within one DwPTS. FFS the case NPDCCH with repetitions.
For the case in which there exist additional symbols of DwPTS after mapping NPDCCH, the same contents of earlier NPDCCH resource can be transmitted. Or it can be used to send additional reference symbols. 

Proposal from ZTE [5]

When TDD special subframe is used for NPDCCH/NPDSCH transmission without repetitions, NPDCCH resource mapping is done according to the available REs.
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.

· The mapping in NRS RE(s) is punctured.

· The starting symbol for NPDCCH/NPDSCH mapping in special subframe is the same as that for normal subframes.

Proposal from LG [7]
NPDCCH transmission in a DwPTS without repetition is not supported.
For NPDCCH/NPDSCH with repetition, OFDM symbols in a DL subframe are repeated on DwPTS with following principles:

· All available NB-IoT OFDM symbols in a DwPTS are used for NPDCCH/NPDSCH transmissions.
· On OFDM symbols with NRS(or CRS) in a DwPTS, OFDM symbols with same NRS(or CRS) pattern in a DL subframe are repeated.
· If the number of available OFDM symbols with CRS in a DwPTS is larger than the number of available OFDM symbols with CRS in a DL subframe, OFDM symbol(s) without reference signal in a DL subframe is repeated on the OFDM symbol(s) with CRS.

· In this case, REs of DL subframe on CRS position of DwPTS are punctured.

· On OFDM symbols without reference signals in a DwPTS, OFDM symbols without reference signals in a DL subframe are repeated
Proposal from Qualcomm [9]
For NPDCCH, the rate matching is done according to the available REs in each transmission subframe
Proposal from Intel [10]
· The RE mapping for NPDCCH/NPDSCH transmission during DwPTS is as follows.
· For NPDCCH/NPDSCH transmission with repetitions, the rate matching follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· For NPDCCH/NPDSCH transmission without repetitions, consider the rate matching to available REs within DwPTS.

Recommended proposal:

For NPDCCH transmission without repetition, the rate matching is down selected from the following alternatives:

· Alt 1: NPDCCH transmission in a special subframe is not supported.

· Alt 2: The rate matching in a special subframe is done according to the available REs within DwPTS in each transmission subframe

· Alt 3: An NCCE can be mapped on 6 consecutive OFDM symbols on all 12 subcarriers within one DwPTS.

Recommended proposal:

For NPDCCH with repetitions, the rate matching in special subframe is down selected from the following alternatives:

· Alt 1: follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· Alt 2: The rate matching in a special subframe is done according to the available REs within DwPTS in each transmission subframe

· Alt 3: repeats its nearest valid subframe on the symbol level to the corresponding DwPTS part

· Alt 4: repeat the symbols in DL subframe to corresponding symbols in special subframe according to whether the symbol includes reference RE

Issue #3: NPDCCH search space and candidates for TDD NB-IoT

Proposal from Ericsson [2]
Do not explicitly impose the 4 ms NPDCCH dropping rule in TDD NB-IoT . That is the UE only drops the NPDCCH candidates in a search space that end before the starting of the next NPDCCH search space. 

Consider extending the range of 
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 in the TDD NB-IoT  design to offer more scheduling flexibilities.

Consider extending the range of G in the TDD NB-IoT  design to offer more scheduling flexibilities.

Proposal from Huawei, HiSilicon [3]
The value of G in TDD NB-IoT is twice that of FDD and the higher layer parameter for G in FDD can be reused.
The value set of offset in TDD NB-IoT is same as FDD, i.e. {0, 1/8, 1/4, 3/8}.

The search space definitions and monitoring requirements for Type-1 CSS, Type-2 CSS, and USS are otherwise the same as FDD, i.e. using TS 36.213 section 16.6.

Proposal from ZTE [5]
For search space of TDD NB-IoT, the value set of G is modified to {4, 8, 16, 32, 48, 64, 96, 128}.

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

Proposal from LG [7]

The periodicity of NPDCCH search space in TDD NB-IoT is defined by T downlink subframes and special ones of which the DwPTS length is larger of equal to 6 except for CRS-less special subframe configuration #10 (where T = Rmax×G, and Rmax and G are configured by higher layer signalling)
TDD NB-IoT UE does not expect NPDCCH candidates in DwPTS with CRS-less special subframe configuration #10

To avoid NPDCCH search space overlapping in TDD, the following candidate solutions are considered.
· Extending the maximum period of the starting subframe for search space

· Dropping the search space candidate(s) overlapped or back-to-back consisted by next search space candidate

Proposal from Intel [10]

· Extend the value of G for NPDCCH search space. 
The set of values for parameter G can be {2, 4, 8, 16, 32, 48, 64, 128} in TDD NB-IoT.
Recommended proposal:

Modify the value of G for NPDCCH search space. The modified value of G is down selected from the following alternatives:

· Alt 1:  {2, 4, 8, 16, 32, 48, 64, 128} 

· Alt 2: {4, 8, 16, 32, 48, 64, 96, 128}

· Alt 3: twice of FDD
Make decision on whether to extend the value set of [image: image3.wmf]offset

a

 in TDD NB-IoT.

Issue #4: If all DwPTS configurations are supported for NPDCCH in in-band mode?

Proposal from Huawei, HiSilicon [3]

Confirm the working assumption for NPDCCH transmission in DwPTS for all DwPTS configurations.
Comment:  working assumption for NPDCCH in RAN1 #92 meeting:

· 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

Proposal from ZTE [5]

For in-band mode, NPDCCH on special subframe with 3 DwPTS symbols is not supported.
Proposal from LG [7]

DwPTS can be used for NPDCCH transmissions.
Proposal from Qualcomm [9]
For in-band mode, NPDCCH transmission in DwPTS is not supported when the number of OFDM symbols in DwPTS is equal to 3.

Proposal from Intel [10]
NPDCCH transmission is not supported for special subframe configurations 0 and 5 for in-band mode. 
Recommended proposal:

For in-band mode, NPDCCH on special subframe with 3 DwPTS symbols is not supported.  

Issue #5: If all aggregation levels of NPDCCH are supported in special subframes

Proposal from ZTE [5]

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 from Qualcomm [9]
For guardband and standalone, the aggregation level 1 is not supported for NPDCCH transmission in DwPTS when the number of OFDM symbols in DwPTS is equal to 3. 

Recommended proposal:

Online discussion
Issue #6: NPDCCH/NPDSCH starting position in special subframe
Proposal from Huawei, HiSilicon [3]

NPDCCH/NPDSCH starting position in special subframe is indicated by one bit in Rel-15 TDD NB-IoT.

Proposal from ZTE [5]

For NPDCCH/NPDSCH with repetition, the starting symbol for NPDCCH/NPDSCH mapping in special subframe is the same as that for normal subframes.
Proposal from LG [7]

The third OFDM symbol in DwPTS in a valid special subframe can be used for NB-IoT DL transmission regardless of control region size indicated by high-layer signalling.

Recommended proposal:

Make decision on whether to indicate the NPDCCH/NPDSCH starting position in special subframe.

Note: 
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Issue #7: DL gap 

Proposal from Ericsson [2]

The DL gap should also be employed by the TDD NB-IoT system, and the DL gap only counts the DL subframes.
Proposal from ZTE [5]

For NPDCCH/NPDSCH transmission in TDD NB-IoT, DL gap is counted according to DL subframes.
Proposal from Huawei, HiSilicon [3]

dl-GapPeriodicity value range is doubled in TDD i.e. {128, 256, 512, 1024} subframes. dl-GapThreshold and the dl-GapDurationCoeff are the same as FDD.
 Observation:
· Alt 1: DL gap is counted according to DL subframes

· Alt 2: value range of DL gap in TDD is doubled.

Recommended proposal:

DL gap is counted according to DL subframes.

Others
Proposal from Nokia, NSB [5]

New special subframe configurations can be considered to increase DL resources in special subframe.
Proposal from LG [7]

For CRS-less special subframe configuration #10, DwPTS in a valid special subframe can be used for NB-IoT downlink transmission

· UE expects NRS in DwPTS only when NPDSCH is scheduled in the corresponding DwPTS

· UE is allowed to expect CRS on the 5th OFDM symbol additionally only when NRS is transmitted in the corresponding DwPTS

.2.4 Paging configuration

Issue #1: PO paging subframe pattern
Proposal from Huawei, HiSilicon [3]

TDD NB-IoT reuses the existing PO paging subframe pattern in TDD LTE. If the starting subframe of paging CSS is invalid, the starting subframe of paging CSS is postponed until the first valid subframe.
Proposal from Nokia, NSB [4]

Observation: The subframes pattern for paging occasion of LTE TDD system cannot be reused for NB-IoT due to lesser resources available to map NPDCCH CE in these subframes.
For NB-IoT TDD system, any valid downlink subframes other than subframe#0, subframe#5 and subframe#9 can be considered as paging subframe. 
Subframe#1 and Subframe#6 can be considered for paging subframe if NPDCCH can be mapped onto special subframe for all valid special subframe configurations for NB-IoT TDD.

Proposal from ZTE [5]

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.

Observation:
Alt 1: The existing PO paging subframe pattern in TDD LTE is reused for TDD NB-IoT.

     Supported company: Huawei, HiSilicon, ZTE
Alt 2: Any valid downlink subframes other than subframe#0, subframe#5 and subframe#9 can be considered as paging subframe. 

     Supported company: Nokia, NSB

Recommended proposal:

The existing PO paging subframe pattern in TDD LTE is reused for TDD NB-IoT.
Issue #2: NPDCCH search space for paging

Proposal from Nokia, NSB [4]

Observation: CSS For paging in NB-IoT TDD system will extend for higher number of radio frames due to limited number of DL subframes available per radio frame. As the search space is spanned across multiple radio frames, NPDCCH transmissions of successive paging occasions will overlap thus result in increasing the probability of decoding failure of paging messages.

Changes to NPDCCH transmissions for paging should be investigated to avoid UE of PO decoding the NPDCCH of other Paging occasions.

Proposal from LG [7]

Scrambling on NPDCCH should be redesigned to avoid an overlap of search spaces between separate POs due to repetition.
Recommended proposal:

Online discussion on the following: Whether solution with spec impacts is necessary for the potential paging search space overlapping issue in TDD NB-IoT.

.2.5 OTDOA for TDD NB-IoT

Issue #1: Whether special subframe used for OTDOA transmission?

Proposal from Ericsson [2], Huawei, HiSilicon [3], ZTE [5], LG [7], Qualcomm [9]

Special subframes are not used for NPRS transmission in TDD NB-IoT. 

 Recommended proposal:

Special subframes are not used for NPRS transmission in TDD NB-IoT. 

Issue #2: NPRS generation

Proposal from Ericsson [2], Qualcomm [9]

In normal DL subframes that are used for NPRS transmission, the NPRS generation can be the same as NB-IoT FDD.

Proposal from Huawei, HiSilicon [3]

In TDD NB-IoT, the NPRS sequence initialization is:
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Recommended proposal:

In normal DL subframes that are used for NPRS transmission, the NPRS generation is the same as NB-IoT FDD, including any revised NPRS introduced in FDD Rel-14.
The NRS sequence initialization is down selected from the following two alternatives:

· Alt 1: reuse the same NPRS sequence initialization as FDD NB-IoT.

· Alt 2: 
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Issue #3: OTDOA configuration for TDD NB-IoT - Part A configuration

Proposal from Ericsson [2]

RAN1 to discuss whether Part A should use a shorter bitmap than 10 bits in TDD NB-IoT  standalone/guardband deployment, and a shorter bitmap than 40 bits in inband deployment indicate the NPRS subframes. 
Proposal from Huawei, HiSilicon [3]

In TDD, the bitmap length and definition for Part A configuration is the same as FDD, with eNB assumed to signal UL and special subframes as not containing NPRS.
Proposal from ZTE [5]
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 from LG [7]

Part A bitmap is based on normal subframes only. U/D configuration is informed together as NPRS configuration for TDD.
Proposal from Qualcomm [9]

The NPRS configuration can be reused in FDD for TDD NB-IoT.
Recommended proposal:

The Part A NPRS configuration in TDD NB-IoT is the same as FDD, except the bitmap length:
· Alt 1: The same as FDD
· Alt 2: The bitmap is defined only for DL subframes
· Alt 3: The bitmap is defined only on subframes which are not DL in any TDD configuration

	Uplink-downlink 

configuration
	Downlink-to-Uplink

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	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


Based on further offline discussion, the feature lead proposes the following:
The Part A NPRS configuration in TDD NB-IoT is the same as FDD, except the bitmap length:

· 8 bits for 10 ms, 32 bits for 40 ms, assuming subframe #1 and #2 are always not used for NPRS. 

Issue #4: OTDOA configuration for TDD NB-IoT - Part B configuration

Proposal from Ericsson [2], Huawei, HiSilicon [3], ZTE [5]
Extend the value of 
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in Part B for the NPRS subframe configuration. 

Proposal from Huawei, HiSilicon [3], ZTE [5]
Extend the value of 
[image: image9.wmf]NPRS

N

 to {40, 80, 160, 320, 640, 1280, 2560, 5120} subframes and 
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 to {160, 320, 640, 1280, 2560, 5120} ms for Part B configuration in TDD NB-IoT.

Proposal from Huawei, HiSilicon [3]

[image: image11.wmf]NPRS

a

 in FDD is reused for TDD NB-IoT.

Proposal from Ericsson [2]
The UL subframe are counted but not used when 
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are used to configure the NPRS subframes. 
Proposal from LG [7]

Part B configuration is based on all types of subframes (DL, UL and special subframes), but UL/special subframes are not counted in the NPRS occasion.
Proposal from Qualcomm [9]

The NPRS configuration can be reused in FDD for TDD NB-IoT.
Recommended proposal:

· For TDD NB-IoT, Part B OTDOA configuration is:
· Extend the value of 
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 to {40, 80, 160, 320, 640, 1280, 2560, 5120} subframes
· Extend the value of 
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 to {160, 320, 640, 1280, 2560, 5120} ms
· 
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 is the same as FDD
Issue #5: NPRS muting in TDD NB-IoT

Proposal from Ericsson [2]
NPRS muting is supported in TDD NB-IoT.
NPRS muting pattern indicated by bit string in Part A should be redefined as one bit indicated a consecutive of 10 DL NPRS subframes to be muted. 
NPRS muting pattern indicated by bit string in Part B can be reused in the NB-IoT FDD design.

Proposal from ZTE [5]

Rel-14 NPRS muting pattern is reused for TDD NPRS muting pattern. 

Recommended proposal:

NPRS muting is supported in TDD NB-IoT. 
· NPRS muting pattern indicated by bit string in Part B in FDD NB-IoT is reused for TDD. 

· NPRS muting pattern indicated by bit string in Part A is down selected from the following alternatives:

· Alt 1: Bit string in Part A in FDD NB-IoT is reused for TDD.

· Alt 2: Bit string in Part A is redefined  one bit indicated a consecutive of 10 DL NPRS subframes to be muted

 Others

Proposal from Huawei, HiSilicon [3]

In TDD OTDOA, SIB1-NB subframe number {SF#0, SF#4, SF#0+SF#5} is indicated per carrier. When this indication is not present, there is no SIB1-NB transmission.

Proposal from LG [7]

NPRS is not transmitted in the last symbol in a downlink subframe in a TDD NB-IoT carrier.
.2.6 Other Issues

Proposal from Nokia, NSB [4]

Whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode is FFS.
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