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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 RAN1 #90, #90bis and #91 meetings, the following agreements and working assumptions on support for TDD were achieved for downlink aspects [2], [3], [4].
· 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 RAN1 #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


· 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

In RAN2 #101 meeting, the following agreements were achieved [6]:

· Whether SIB1-NB transmission is configured on the anchor carrier or a non-anchor carrier, SIB1-NB scheduling information is signalled in MIB-NB as in FDD mode.

· The information on the PRB location and eutra-NumCRS-Ports needs to be provided for the UE to receive SIB1-NB on an inband non-anchor carrier.

· Whether SIBs other than SIB1-NB are transmitted on the anchor carrier or a non-anchor carrier, scheduling parameters for SIBs (i.e. schedulingInfoList, si-WindowLength and si-RadioFrameOffset) are signalled in SIB1-NB as in FDD mode.

· It is FFS if the carrier frequency and for inband case indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive other SIBs on non-anchor carrier.

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

2 Discussion 

#Issue1: SIB1-NB contents for TDD

To support the TDD transmission and timing relation, the TDD configuration about uplink-downlink subframe assignment (subframeAssignment) and special Subframe Patterns(specialSubframePatterns) should be provided in SIB1-NB. Where, the value range of subframeAssignment and specialSubframePatterns depend on RAN1 frame design.

Proposal 1: uplink-downlink subframe assignment (subframeAssignment) and special Subframe Patterns(specialSubframePatterns) should be provided in SIB1-NB for supporting of TDD.
There are no agreements about whether MIB/SIB1/other SIBs can be carried in different carriers (e.g 3 carriers) till now. Taken into account that UE should perform measurement on anchor carrier, monitoring MIB on anchor carrier, monitoring SIB1 on anchor carrier or non-anchor carrier, at most 2 carriers are suggested to be used for MIB/SIB1/other SIBs transmission for simplification(e.g If SIB1 is carried on anchor carrier, the other SIBs can be carried on any indicated carrier. If SIB1 is carried on a non-anchor carrier, the other SIBs should be carried only on the same non-anchor carrier). 

Proposal 2: At most 2 carriers are used for MIB/SIB1/other SIBs transmission.

· If SIB1 is carried on anchor carrier, the other SIBs can be carried on any indicated carrier. 

· If SIB1 is carried on a non-anchor carrier, the other SIBs should be carried only on the same non-anchor carrier.
To support that other SIBs than SIB1-NB (called SIBx) can be transmitted on a non-anchor carrier when the SIB1 is carried on anchor carrier, the carrier location that carries the SIBx should be provided in SIB1. Taken into account that there are enough bits to indicate the carrier information in SIB1, the tdd-CarrierFreq with CarrierFreq and CarrierFreqOffset informationis suggest to be used to indicate the carrier location that carries the SIBx.

Proposal 3:  The carrier location that carries the SIBx should be provided in SIB1 and tdd-CarrierFreq is used to indicate the carrier location that carries the SIBx if SIB1 is carried on the anchor carrier and SIBx is carried on a non-anchor carrier.
In legacy NB-IOT scheduling, the following parameters are used for coordination with LTE: 
· downlinkBitmapNonAnchor

downlinkBitmapNonAnchor indicates the NB-IoT downlink subframe configuration for downlink transmission on the non-anchor carrier. Therefore, the downlinkBitmapNonAnchor needs to be signaled for a non-anchor carrier over which SIBx is carried. 

Proposal 4: The parameter downlinkBitmapNonAnchor needs to be signaled in SIB1-NB for the non-anchor carrier over which SIBx is carried. 
· eutraControlRegionSize

eutraControlRegionSize is used to indicate how many symbols are used for PDCCH in LTE. Only the symbols which are not used for LTE PDCCH can be used for NB-IoT. Therefore, the eutraControlRegionSize needs to be signaled for an in-band carrier. Furthermore, even SIB1/SIBx is transmitted on a non-anchor carrier, Paging or unicast may be transmitted in the anchor carrier, in which, eutraControlRegionSize is also needed. So, eutraControlRegionSize should be provided in SIB1 for in-band anchor carrier and in-band SIBx carrier. 

Proposal 5: eutraControlRegionSize needs to be signaled in SIB1 if the carrier is in-band.
· indexToMidPRB 
indexToMidPRB is used for the UE to generate the CRS sequence of the LTE cell. If indexToMidPRB info is not provided in MIB, it should be signalled in SIB1 if the SIBx carrier is an in-band non-anchor carrier and reuses the same PCI as the EUTRA carrier. Whether indexToMidPRB info is provided in MIB relies on the MIB contents design for SIB1 on non-anchor carrier.

Proposal 6: if indexToMidPRB info is not provided in MIB, it should be signalled in SIB1 if the SIBx carrier is an in-band non-anchor carrier and reuses the same PCI as the EUTRA carrier.

· Whether indexToMidPRB info is provided in MIB relies on the MIB contents design for SIB1 on non-anchor carrier.

· eutra-NumCRS-Ports

eutra-NumCRS-Ports is used to indicate the number of LTE CRS antenna ports, which needs to be signaled for in-band carrier. So, if the eutra-NumCRS-Ports is not provided in MIB, the eutra-NumCRS-Ports should be provided in SIB1 if the SIBx carrier is in-band mode.Whether eutra-NumCRS-Ports info is provided in MIB relies on the MIB contents design for SIB1 on non-anchor carrier.

Proposal 7: if eutra-NumCRS-Ports is not provided in MIB, it should be signalled in SIB1 if the SIBx carrier is an in-band non-anchor carrier.

· Whether eutra-NumCRS-Ports info is provided in MIB relies on the MIB contents design for SIB1 on non-anchor carrier.

#Issue2: 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 7

Table 7 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 8: The existing PO paging subframe pattern in TDD LTE is 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.

#Issue3: Paging and NPRACH carrier

Taken into account the limited NPRACH and paging capacity per NB-IoT TDD carrier, the non-anchor carrier for paging and non-anchor carrier for PRACH is necessary for NB-IoT TDD cell. Considering that the total frequency span does not exceed 20MHz for TDD NB-IoT, the FDD non-anchor carrier mechanism for paging and PRACH can be reused for TDD, that’s the maximal paging/PRACH carrier number is 16. 

Proposal 9: The FDD non-anchor carrier mechanism for paging and PRACH can be reused for TDD.

Considering that DL carrier and UL carrier are time duplex onto the same carrier for TDD, the preamble carrier and NPDCCH carrier (e.g for RAR) can be the same carrier. 

Proposal 10: For TDD PRACH procedure, the preamble and NPDCCH use the same carrier. 

Considering that DL carrier and UL carrier are time duplex onto the same carrier for TDD, the paging carrier, NPRACH carrier and NPDCCH carrier can be the same carrier. Thus, a single carrier selection mechanism can be used for paging carrier selection and NPRACH carrier selection.      

Proposal 11: For TDD, the paging carrier, NPRACH carrier and NPDCCH carrier can be the same carrier.
3 Conclusions

In this contribution, we have discussed the remaining details on downlink aspects to support TDD NB-IoT. We make the following proposals: 
Proposal 1: uplink-downlink subframe assignment (subframeAssignment) and special Subframe Patterns (specialSubframePatterns) should be provided in SIB1-NB for supporting of TDD.

Proposal 2: At most 2 carriers are used for MIB/SIB1/other SIBs transmission.

· If SIB1 is carried on anchor carrier, the other SIBs can be carried on any indicated carrier. 

· If SIB1 is carried on a non-anchor carrier, the other SIBs should be carried only on the same non-anchor carrier.
Proposal 3:  The carrier location that carries the SIBx should be provided in SIB1 and tdd-CarrierFreq is used to indicate the carrier location that carries the SIBx if SIB1 is carried on the anchor carrier and SIBx is carried on a non-anchor carrier.
Proposal 4: The parameter downlinkBitmapNonAnchor needs to be signaled in SIB1-NB for the non-anchor carrier over which SIBx is carried.
Proposal 5: eutraControlRegionSize needs to be signaled in SIB1 if the carrier is in-band.
Proposal 6: if indexToMidPRB info is not provided in MIB, it should be signalled in SIB1 if the SIBx carrier is an in-band non-anchor carrier and reuses the same PCI as the EUTRA carrier.

· Whether indexToMidPRB info is provided in MIB relies on the MIB contents design for SIB1 on non-anchor carrier.

Proposal 7: if eutra-NumCRS-Ports is not provided in MIB, it should be signalled in SIB1 if the SIBx carrier is an in-band non-anchor carrier.

· Whether eutra-NumCRS-Ports info is provided in MIB relies on the MIB contents design for SIB1 on non-anchor carrier.

Proposal 8: The existing PO paging subframe pattern in TDD LTE is 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 9: The FDD non-anchor carrier mechanism for paging and PRACH can be reused for TDD.
Proposal 10: For TDD PRACH procedure, the preamble and NPDCCH use the same carrier. 

Proposal 11: For TDD, the paging carrier, NPRACH carrier and NPDCCH carrier can be the same carrier.
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