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1 Introduction

At RAN1 NB-IoT Ad-Hoc meeting #2 in Sophia-Antipolis it was agreed that [1]:

· For a given UE, the subframes designated as DL gap are treated as invalid DL subframes for the given UE

· Invalid subframe means: When overlapping with a DL gap, PDCCH and PDSCH repetitions are FFS (until RAN1#84bis)

· either postponed to the next valid DL subframe 

· or skipped

· Starting subframe of paging CSS is further determined by the following: 

· Use the existing PO paging subframe pattern 

· If the subframe SF0 determined by {PF, PO} is a valid DL subframe, then the subframe SF0 is the starting subframe of the paging CSS. 

· If the subframe SF0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DL subframe after SF0 is the starting subframe of the paging CSS 

· Valid DL subframe above refers to subframes NOT occupied by NPBCH, NPSS, NSSS and NSIB1 and not indicated as invalid in SIB1

· FFS whether and how subframes can be indicated as invalid 

· Note that this definition of valid is specific for the context of this agreement. 
In previous RAN1 meetings, it was agreed that [2]:
· NB-PSS is transmitted in subframe 5

· NB-SSS is transmitted in subframe 9 

· In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame
· Subframe #4 is used for NB-SIB1 transmission within each radio frame transmitting NB-SIB1.
· NB-SIB1 Details

· 4 NB-MIB bits are used to indicate TBS and the number of repetitions of NB-SIB1( RNB-SIB1) via a table

· SI scheduling

· SI scheduling information is provided in NB-SIB1.
This document proposes the configuration and handling of the invalid subframes for NB-PDCCH and NB-PDSCH.
2 Configuration and handling of invalid subframes
For a given UE, the following downlink subframes are defined as invalid subframes for NB-PDCCH and NB-PDSCH.

· Subframes occupied by NB-PSS, NB-SSS, NB-PBCH
· Subframes configured as legacy MBSFN subframes for in-band operation
· Subframes configured as DL gap for the UE
Proposal 1: Invalid subframes are those: occupied by NB-PSS, NB-SSS, NB-PBCH; indicated as being LTE MBSFN subframes for in-band operation; or in a DL transmission gap for the UE.

For in-band operation, the allocation information of the MBSFN subframes should be broadcast in NB-SIB2 to indicate these subframes as invalid for NB-IoT. The bitmap method in LTE can be reused for the indication. If the MBSFN subframe configuration is not broadcast in NB-SIB2, UE assumes there is no MBSFN subframe.
Proposal 2:  For in-band operation, the LTE MBSFN subframe configuration can be indicated in NB-SIB2 following the bitmap method of LTE.

Proposal 3: If the LTE MBSFN subframe configuration is not broadcast in NB-SIB2, UE assumes there are no MBSFN subframes.
DL gap is introduced to solve the blocking issue caused by the long NB-PDCCH and NB-PDSCH transmissions in extreme coverage. Since the transmissions of NB-SIB1 and NB-SI messages have already been interleaved in time domain, it is suggested that DL gap is only applied to NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages. 
Proposal 4: DL gap is only applied to NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages.

For the simplicity of scheduling, it is suggested that only one DL gap configuration is used. Once the configured value of Rmax for the relevant NB-PDCCH exceeds the predefined dlGap-Threshold, DL gap will be applied to its corresponding downlink transmission. The value of dlGap-Threshold can be configured from the set of {16, 32, 64, 128, 256}, which requires 3 bits for indication. DL gap is agreed to be configured with {dlGap-Periodicity, dlGap-Duration}. Gap starting point periodicity can be configured from the set of {160 ms, 320 ms, 640 ms, 1280 ms}, which requires 2 bits for indication. Gap size can be configured as 0%, 25%, 50% and 75% of the periodicity, which requires another 2 bits. When gap size equals 0, it means that DL gap is disabled. 
Proposal 5: Only one DL gap configuration is used.
Proposal 6: dlGap-Threshold is configured from the set of {16, 32, 64, 128, 256}. dlGap-Periodicity is configured from the set of {160 ms, 320 ms, 640 ms, 1280 ms}, while dlGap-Duration from the set of {0%, 25%, 50%, 75%} of the configured periodicity. When dlGap-Duration = 0, it means that DL gap is disabled.
Since a NB-IoT UE can get the position of all the invalid subframes, NB-PDCCH and NB-PDSCH transmission overlapped with the invalid subframes can be postponed to the next valid DL subframe, which provides better performance comparing to simply skipped.

Proposal 7: NB-PDCCH and NB-PDSCH overlapped with the invalid subframes are postponed to the next valid DL subframe.
NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages may collide with the subframes carrying NB-SIB1 and NB-SI messages. According to the agreements, the subframe allocations of NB-SIB1 and NB-SI messages are indicated in NB-MIB and NB-SIB1, respectively. If collision happens, it is suggested that NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages are postponed to the next valid DL subframes.

Proposal 8: NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages are postponed to the next valid DL subframes if colliding with the subframes carrying NB-SIB1 and NB-SI messages.
3 Conclusions
In this contribution, the configuration and handling of invalid subframes are discussed, which can be summarized through the following proposals:
Proposal 1: Invalid subframes are those: occupied by NB-PSS, NB-SSS, NB-PBCH; indicated as being LTE MBSFN subframes for in-band operation; or in a DL transmission gap for the UE.
Proposal 2:  For in-band operation, the LTE MBSFN subframe configuration can be indicated in NB-SIB2 following the bitmap method of LTE. These subframes are invalid subframes in NB-IoT.
Proposal 3: If the LTE MBSFN subframe configuration is not broadcast in NB-SIB2, UE assumes there are no MBSFN subframes.
Proposal 4: DL gap is only applied to NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages.

Proposal 5: Only one DL gap configuration is used.

Proposal 6: dlGap-Threshold is configured from the set of {16, 32, 64, 128, 256}. dlGap-Periodicity is configured from the set of {160 ms, 320 ms, 640 ms, 1280 ms}, while dlGap-Duration from the set of {0%, 25%, 50%, 75%} of the configured periodicity. When dlGap-Duration = 0, it means that DL gap is disabled.
Proposal 7: NB-PDCCH and NB-PDSCH transmission overlapped with the invalid subframes is postponed to the next valid DL subframe.
Proposal 8: NB-PDCCH and NB-PDSCH carrying data and signaling other than NB-SIB1 and NB-SI messages are postponed to the next valid DL subframes if colliding with the subframes carrying NB-SIB1 and NB-SI messages.
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