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1. Introduction
In RAN1#2AH, the following agreements have been made: 

Agreements:
· Confirm the working assumptions
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
· CW for NB-PDSCH can be mapped to multiple subframes
· 8 numbers of subframes 
· Supported number of subframes includes at least 1, 2, 4, 8 (Maximum value is less than or equal to 10)
· TBS/MCS table design for NB-PDSCH: 3-bit NPRB sizes and 4-bit ITBS. Total 7 bits indication.
· QPSK for all TBS. ITBS = 11 and 12 is supported only for standalone and guardband

· Any combination, i.e., inband+inband, inband+guardband, and guardband+guardband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs from the same FFT
· No support of NB-IoT multi-carrier operation for standalone mode with either guard-band or in-band mode of operation
· Standalone+standalone should be allowed for NB-IoT multi-carrier operation with the constraint that the total frequency span cannot exceed 20MHz and both NB-IoT carriers are synchronized, i.e., the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104

· UE may assume
· If the number of NB-RS antenna ports is one,
· the EPRE of NB-RS and the EPRE of all NB-IoT DL channels is the same
· If the number of NB-RS antenna ports is two,
· the EPRE per antenna port of NB-RS port is 3dB larger compared to the EPRE per antenna port of all NB-IoT DL channels
· This means no signaling support of power offsets

· When the same-PCI indicator is set to TRUE, 
· NB-RS power offset between NB-RS and LTE CRS is indicated in SIB
· If there is no SIB indication, UE may assume the equal power between NB-RS and LTE CRS

· For NB-PDSCH and NB-PUSCH,
· The repetition pattern within the allocated resources is realized by using Cyclic repetition
· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times
· Z = Min(4, repetition) for multi-tone transmission
· Z = 1 for single-tone transmission
· Different scrambling is used in each cycle


Working Assumption: 
· At least for UEs in extreme coverage (FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any), for transmission in downlink which requires large number of repetitions, DL gaps can be introduced during the repetitions of NPDSCH and NPDCCH
· Note: During a DL gap, UEs other than those configured with the particular gap can receive their NPDSCH and/or NPDCCH 
· Gap configuration is provided by SIB signaling
· Configuration information is composed of a subset of the following: 
· Gap enable/disable, Gap starting point (periodicity, offset), Gap size, number of Gaps for Rmax repetitions
· Exact subset is FFS.
· FFS how many gap configurations are needed
· 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
· Note that these gaps do not apply in Idle Mode. 
· Note that this does not impact downlink-uplink timing relationships


In this contribution, we provide our view on the data channel for NB-IoT.

2. Gap configuration for DL transmissions
As mentioned in the introduction, RAN1 made a working assumption regarding DL gap configuration which is introduced at least for UEs in extreme coverage with large DL repetitions. In the following, we address the remaining issues corresponding to the DL gap configuration. 

From the email discussion regarding “FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any”, it is proposed that
· For RACH Msg2 and Msg4, the UE knows its gap configuration according to R_NPDCCH_max configuration of the CSS for Msg2 (i.e., RAR) transmission. This is also the default gap configuration for DL transmission after Msg4.
· For DL transmissions after Msg4, the UE knows its gap configuration according to the UE-specific R_NPDCCH_max configuration. In case there is no R_NPDCCH_max configuration, the UE uses the default gap configuration.


Another FFS regarding the DL gap configuration is about the exact subset. From the email discussion, it is proposed that 
· The subset is: {Gap starting point periodicity, Gap size}.  
· Gap configuration provides indication on if the DL transmission gap is enabled or disabled.
· Gap starting point is defined over absolute subframe number.

It is further proposed that the DL gap will be applied to every NB-IoT UE in the extended coverage for which number of repetitions is bigger than X subframes, where X is configured in SIB. In order to further characterize the DL gap configuration, including how big X might be, required number of configurations, periodicity, offset starting point, and gap duration, we need to revisit the main purpose of configuring of the DL gap. DL gap is introduced to help eNB in serving UEs in normal coverage that are being blocked by the large number of repetitions required for UEs in deep coverage. It does not seem that having more than one DL gap configurations will benefit normal UEs more. Thus, we think only one DL gap configuration per cell is needed, although the exact threshold value and the associated gap configuration can be cell specific.

Proposal 1: Only one DL gap configuration per cell is needed, where the the exact gap configuration is cell specific and signalled in SIB 

One side benefit of having just one DL gap configuration is that, all NB-IoT UEs in extended coverage will observe the subframes within DL gap as invalid subframes in a common way. Thus, the DL gap subframes are invalid DL subframes for all UEs with enabled DL gap. Thus, when overlapping with a DL gap, PDCCH and PDSCH repetitions are postponed to the next valid DL subframe, similar to eMTC when invalid subframes are common.
 
Proposal 2: For UEs with DL gap enabled, PDCCH and PDSCH repetitions are postponed to the next valid DL subframe, when overlapping with a DL gap.


The gap duration is a function of data traffic on normal coverage NB-IoT UEs. From the current agreements regarding the timeline between the N-PDCCH and N-PDSCH, and considering the recent agreement on TBS table, we note that 25 subframes is needed for scheduling two NB-IoT UEs with NPRB=10 and assuming UEs are in very good coverage, where no repetition is needed. If, for example, one repetition is needed, that number will be increased to almost 50 subframes. On the other hand, the configuration periodicity depends on how delay sensitive the UEs in poor coverage are. 

Proposal 3 Depending on the number of normal coverage UEs that will be served within the Gap duration, different Gap configurations with different periodicity and duration should be defined, from which eNB broadcasts only one configuration. 

3. Conclusion
Proposal 1: Only one DL gap configuration per cell is needed, where the exact configuration is cell specific and signalled in SIB 
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