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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK272][bookmark: OLE_LINK273]In RAN 1 NB-IoT adhoc 2, DL transmission gap was discussed and the following working assumptions were made:
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 email discussion [NB-IoT2-12], the following agreements were made on FFS parts:
Agreements:
·  “FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any”
·  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.

·   “Exact subset is FFS”
· 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.

· “FFS how many gap configurations are needed”
· At least one threshold X1 is defined, and correspondingly one gap configuration can be signaled for R_NPDCCH_max >= X1;
· Decide till RAN1#84bis if a second threshold X2 is defined, and correspondingly a second gap configuration can be signaled for X1 > R_NPDCCH_max >= X2.

In this paper, the remaining issues for DL transmission gaps are discussed. 
Discussion 
The aim of introducing DL transmission gap is to avoid blocking of the UEs in good coverage, who are delay-sensitive, by UE required long repetition time. There is no need to introduce a second gap. In addition, more gaps will increase eNB complexity for scheduling.
Proposal #1: No introduction of a second gap. 
Therefore, the gap size shall not be very small. The gap size shall at least contain on USS + 4ms offset +one transmission of NB-PDSCH, which is at least 6ms. On the other hand, there is no need to introduce a gap with too large size, which will prolong transmission time for poor coverage UE. Therefore, it is proposed to use 2 bits to indicate 4 values. An example of the gap size could be from {10, 20, 40, 80}ms. In addition, if the parameter of DL gap is not signaled, the DL gap can be treated as disabled. 
[bookmark: OLE_LINK1]Proposal #2: The gap size is indicated with 2 bits from {10, 20, 40, 80}ms.
On the other hand, it is better to align Gap starting point periodicity with search space. Even, the same method to configure starting subframe of search space can be adopted, that is , where , where G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10}. Rmax for Gap starting point configuration could be pre-defined, for example, Rmax =8. That is the gap starting point periodicity is , where , where G is from {8, 12, 16, 20, 32, 40, 60, 80}.
Proposal #3: The gap starting point periodicity is defined by
, where , where G is from {8, 12, 16, 20, 32, 40, 60, 80}.
If the gap size is comparable to the threshold X1, it is better to postpone the transmission of NB-PDSCH and NB-PDCCH than to drop the transmission, so that eNB don’t need to calculate for different code rate. For original invalid subframe, it is normally the periodic is one or multiple radio frame and the number of valid subframe within one periodicity is the same. So that eNB can ensure the gap between two search spaces can meet the 4ms timing relationship requirement. However, with DL transmission gap, the situation is different since the gap size could be quite large. For example, shown as Figure 1, The valid subframes for one search space are postponed so that the gap between the end of current search space to the next start of search space is <4ms. In this case, the next search space can be dropped. 
However, if the final decision on the gap size and threshold X1 is not comparable, dropping could also be considered since the impact on decoding performance is not significant. For example, if Rmax = 2048 and gap size = 10.
[image: ]
Figure 1
Proposal # 4: 
If gap size is comparable to X1 ,
· DL transmission gap is treated as invalid subframe, and the transmission of NB-PDSCH and NB-PDCCH is postponed when DL transmission gap is adopted to the UE. 
· If the gap from the start of NB-PDCCH search space to the end of last search space is less than 4ms due to DL transmission gap, this search space is dropped. 
If gap size is not comparable to X1,
· Skip the subframes as DL transmission gap. 
For search space for RAR and retransmission of Msg3, as well as Msg 4, apparently, the Rmax is CE level specific. Although the configuration for start of CSS for RAR is common, the exact values can be different if the start of CSS is related to Rmax. The CSS for RAR is easy to be TDMed if PRACH resources for different coverage level are TDMed. Therefore, for NB-PDCCH for RAR, the DL transmission gap is also adopted as USS. It is not allow eNB to multiplex UEs in different CE levels with or without DL transmission gap together. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we discussed the remaining issue for DL transmission gap. We proposed: 
Proposal #1: No introduction of a second gap. 
Proposal #2: The gap size is indicated with 2 bits from {10, 20, 40, 80}ms.
Proposal #3: The gap starting point periodicity is defined by
, where , where G is from {8, 12, 16, 20, 32, 40, 60, 80}.
Proposal # 4: 
If gap size is comparable to X1 ,
· DL transmission gap is treated as invalid subframe, and the transmission of NB-PDSCH and NB-PDCCH is postponed when DL transmission gap is adopted to the UE. 
· If the gap from the start of NB-PDCCH search space to the end of last search space is less than 4ms due to DL transmission gap, this search space is dropped. 
If gap size is not comparable to X1,
· Skip the subframes as DL transmission gap. 
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