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1 Introduction
A new work item on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 and RAN#77 [1].

One objective of this WID is the support for TDD in NB-IoT:

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 the last RAN1#90bis, the following agreements on system information transmission for TDD mode were made [2]:
	Agreements of RAN1#90bis:

· 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)
Agreements of RAN1#91:

· 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 gurad-band and stand-alone scenarios

· FFS: Cases for 4 and 8 repetitions


In this contribution, we focus on system information scheduling in TDD mode according to RAN1 agreements.
2 Discussion
How to use different carriers to transmit the system information transmission in TDD mode was discussed in RAN1. In general, it was agreed that: 
· MIB-NB: always on anchor carrier.

· SIB1-NB: only on anchor carrier or only on a non-anchor carrier, indicated by MIB-NB.

· All other SIBs than SIB1-NB: together on anchor carrier or together on the same non-anchor carrier.
2.1 SIB1-NB scheduling on non-anchor carrier
If SIB1-NB transmission is configured on a non-anchor carrier, some information related to the non-anchor carrier with SIB1-NB needs to be provided for the UE to receive SIB1-NB on that carrier. 

Which information is necessary for the UE to receive SIB1-NB on a non-anchor carrier needs to be discussed. Assuming the same MIB-NB size and the same structure for TDD mode, there are only 11 spare bits now in MIB-NB. Thus, if the information are provided by MIB-NB, how to signal them efficiently needs to be considered also. 
To our understanding, the following information need to be considered for SIB1-NB reception on non-anchor carrier:

· Scheduling information for SIB1-NB 
· Carrier information of the non-anchor carrier which has SIB1-NB
2.1.1 Scheduling information
The current schedulingInfoSIB1 in MIB-NB is a 4 bits integer index, which is used to indicate the scheduling information (i.e. repetition number and TBS) of SIB1-NB transmission on the anchor carrier. If SIB1-NB transmission is configured on non-anchor carrier, the same parameter schedulingInfoSIB1 in MIB-NB can be used to schedule SIB1-NB transmission on non-anchor carrier.
Proposal 1: 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.
2.1.2 Non-anchor carrier information
In Rel-13/14 NB-IoT, the IE DL-CarrierConfigCommon-NB is used to specify the common configuration of a DL non-anchor carrier in NB-IoT.

DL-CarrierConfigCommon-NB information elements

-- ASN1START

DL-CarrierConfigCommon-NB-r14 ::=
SEQUENCE {


dl-CarrierFreq-r14




CarrierFreq-NB-r13,


downlinkBitmapNonAnchor-r14


CHOICE {



useNoBitmap-r14





NULL,



useAnchorBitmap-r14




NULL,



explicitBitmapConfiguration-r14

DL-Bitmap-NB-r13


},


dl-GapNonAnchor-r14




CHOICE {



useNoGap-r14





NULL,



useAnchorGapConfig-r14



NULL,



explicitGapConfiguration-r14

DL-GapConfig-NB-r13


},



inbandCarrierInfo-r14



SEQUENCE {



samePCI-Indicator-r14



CHOICE
{




samePCI-r14






SEQUENCE {





indexToMidPRB-r14




INTEGER (-55..54) 




},




differentPCI-r14




SEQUENCE {





eutra-NumCRS-Ports-r14



ENUMERATED {same, four}




}



} 
OPTIONAL,

-- Cond anchor-guardband



eutraControlRegionSize-r14


ENUMERATED {n1, n2, n3}



}
OPTIONAL,

-- Cond non-anchor-inband


nrs-PowerOffsetNonAnchor-r14 

ENUMERATED {dB-12, dB-10, dB-8, dB-6, 














dB-4, dB-2, dB0, dB3}
DEFAULT dB0, 


...

}

-- ASN1STOP

Thus, we use the information in DL-CarrierConfigCommon-NB as a baseline to discuss which information need to be provided for SIB1-NB reception on a non-anchor carrier,
· downlinkBitmapNonAnchor
downlinkBitmapNonAnchor is used to indicate invalid subframes for downlink transmission. In [RAN1 TDD DL paper], we propose that for the non-anchor case of SIB1-NB, subframes #0 and #9 should be used. Therefore, the downlink bitmap is not needed.
Observation 1:  Downlink bitmap is not needed for SIB1-NB reception on non-anchor carrier.

· dl-GapNonAnchor

dl-GapNonAnchor is used to specify the downlink gap configuration of non-anchor carrier. However, downlink gaps only apply to NPDCCH/NPDSCH transmissions except for BCCH. Considering that SIB1-NB is transmitted in BCCH, it is not needed for SIB1-NB reception on non-anchor carrier.
Observation 2:  Downlink gap configuration is not needed for SIB1-NB reception on non-anchor carrier.

· eutra-NumCRS-Ports

eutra-NumCRS-Ports is needed for SIB1-NB reception on non-anchor carrier when the anchor carrier is a guard-band carrier. If the anchor carrier is a guard-band carrier, there are 3 spare bits that can be used. Thus, 1 spare bit can be used to carry eutra-NumCRS-Ports without using the reserved bits in MIB-NB as follows:
Guardband-NB-r15 ::=


SEQUENCE {


rasterOffset-r13



ChannelRasterOffset-NB-r13,

eutra-NumCRS-Ports-SIB1-r15

ENUMERATED {same, four},


spare






BIT STRING (SIZE (32))

}

Observation 3:  eutra-NumCRS-Ports is needed for SIB1-NB reception on non-anchor carrier. The spare bit in MIB-NB for guard-band anchor carrier case can be used to carry this information without using the reserved bits.
· eutraControlRegionSize

eutraControlRegionSize is used to indicate how many symbols are used for PDCCH in LTE. In FDD mode, if the operation mode is in-band, the SIB1-NB transmission will not use any of the first 3 OFDM symbols. Thus, assuming the same principle as in FDD mode is used for TDD mode, this parameter is not needed for SIB1-NB reception on non-anchor carrier.

Observation 4:  eutraControlRegionSize is not needed for SIB1-NB reception on non-anchor carrier.
· nrs-PowerOffsetNonAnchor

NRS power is not used for system information reception because the number of repetitions of SIB1-NB is chosen by eNB accounting for the potentially different DL power per non-anchor carrier. So it is not needed for SIB1-NB reception on non-anchor carrier.
Observation 5:  NRS power offset is not needed for SIB1-NB reception on non-anchor carrier.
· dl-CarrierFreq and indexToMid PRB
dl-CarrierFreq and indexToMidPRB are all information on the location of the non-anchor carrier, which are useful for SIB1-NB reception on non-anchor carrier. 

Observation 6:  The information on the PRB location is needed for SIB1-NB reception on non-anchor carrier. 
Based on the above observations 1-6:
Proposal 2: The information on the PRB location and eutra-NumCRS-Ports needs to be provided for the UE to receive SIB1-NB on non-anchor carrier.

The current size of dl-CarrierFreq (use CarrierFreq-NB-r13 as structure) is between 18 bits and 24 bits and the current size of indexToMidPRB is 9 bits, which are too large to be provided in MIB-NB. If the information related to the non-anchor carrier with SIB1-NB needs to be provided by MIB-NB, new method for indicating the information on the PRB location with less bits needs to be designed. For example, using offset instead of the absolute indication or pre-define some configurations. 
RAN1 has agreed to use 0-2 bits to indicate the PRB location of in-band non-anchor carrier. How to indicate the PRB location for guard-band or standalone non-anchor carrier is still FFS. We think this should be designed by RAN1. RAN2 can inform RAN1 of the maximum available bits in MIB-NB as the following table.
	11 reserved bits in MIB-NB

Note: 1 reserved bit needs to be used to indicate additional SIB1-NB transmission for system information enhancement.
	SIB1-NB transmission is configured only on non-anchor carrier

	
	

	Additional scheduling information
	0

	Additional non-anchor carrier information
	eutra-NumCRS-Ports
	0 (using spare bit for guardband anchor case)

	Available bits for the new carrier ‘indicators’
	10bits


Proposal 3: Inform RAN1 that at most 10bits can be used to indicate the PRB carrying SIB1-NB and for future extensionin MIB-NB.

2.2 Scheduling of SIBs other than SIB1-NB

For SIBs other than SIB1-NB, RAN1 has agreed that they can be transmitted together on the anchor carrier or on a single non-anchor carrier. If they are transmitted on a non-anchor carrier, some information related to the non-anchor carrier needs to be provided by SIB1-NB.

2.2.1 Scheduling information

According to RAN1 agreement, all SIBs other than SIB1-NB will be transmitted on the same carrier (anchor carrier or a single non-anchor carrier). If they are transmitted on a non-anchor carrier the current parameters in SIB1-NB to schedule other SIBs on the anchor carrier (i.e. schedulingInfoList, si-WindowLength and si-RadioFrameOffset) can also be used to schedule other SIBs on a non-anchor carrier. Whether the scheduling parameters are for anchor carrier or non-anchor carrier can be indicated implicitly by the carrier information of other SIBs.
Proposal 4: 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.

2.2.2 Non-anchor carrier information

Similar to SIB1-NB reception on non-anchor carrier, besides the scheduling information, information about the non-anchor carrier carrying the other SIBs needs to be signalled in SIB1-NB. We also take the information in DL-CarrierConfigCommon-NB as a baseline to discuss which information needs to be provided in SIB1-NB for the reception of other SIBs on the non-anchor carrier. Similar to SIB1-NB reception on non-anchor carrier, downlink bitmap, downlink gap configuration and NRS power offset are not needed for the reception of other SIBs on non-anchor carrier. Carrier frequency, indexToMidPRB, and eutra-NumCRS-Ports are needed. For carrier frequency and indexToMidPRB, one difference between the receptions of SIB1-NB and other SIBs is that there is no such a tight limitation on the size of these two fields.

Another difference is about eutraControlRegionSize. The first 3 OFDM symbols which are not used for the LTE control region will be used for the transmission of other SIBs in NB-IoT FDD mode. Thus, assuming the same principle as in FDD mode is used for TDD mode, this parameter is needed for the reception of other SIBs on non-anchor carrier.
Observation 7:  Downlink bitmap, downlink gap configuration and NRS power offset are not needed for the reception of other SIBs on non-anchor carrier.

Observation 8:  The Carrier frequency, indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize are needed for the reception of other SIBs on non-anchor carrier.
Based on the above observations 8-9:

Proposal 5: The carrier frequency, indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive other SIBs on non-anchor carrier.
3 Conclusion

This paper focus on scheduling information scheduling due to support of TDD in NB-IoT. The corresponding observations and proposals are listed below. 
Observation 1:  Downlink bitmap is not needed for SIB1-NB reception on non-anchor carrier.

Observation 2:  Downlink gap configuration is not needed for SIB1-NB reception on non-anchor carrier.

Observation 3:  eutra-NumCRS-Ports is needed for SIB1-NB reception on non-anchor carrier. The spare bit in MIB-NB for guard-band anchor carrier case can be used to carry this information without using the reserved bits.

Observation 4:  eutraControlRegionSize is not needed for SIB1-NB reception on non-anchor carrier.

Observation 5:  NRS power offset is not needed for SIB1-NB reception on non-anchor carrier.

Observation 6:  The information on the PRB location is needed for SIB1-NB reception on non-anchor carrier. 
Observation 7:  Downlink bitmap, downlink gap configuration and NRS power offset are not needed for the reception of other SIBs on non-anchor carrier.

Observation 8:  The Carrier frequency, indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize are needed for the reception of other SIBs on non-anchor carrier.

Proposal 1: 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.
Proposal 2: The information on the PRB location and eutra-NumCRS-Ports needs to be provided for the UE to receive SIB1-NB on non-anchor carrier.

Proposal 3: Inform RAN1 that at most 10bits can be used to indicate the PRB carrying SIB1-NB and for future extensionin MIB-NB.

Proposal 4: 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.

Proposal 5: The carrier frequency, indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive other SIBs on non-anchor carrier.
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