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1. Introduction
In this document, we consider the following agreements made so far regarding to NPDCCH, downlink transmission gaps, and SI [1][2]. 

Agreements regarding to the starting subframes of NPDCCH search space:
· The search space starting subframe reuses the principle of eMTC
· The period reuse the principles from eMTC
· T=R*G, G values to be determined
· An additional offset on the value of T may be considered
· Postpone NPDCCH repetitions that overlap with transmission gap
· FFS whether to also allow an offset to the period (value FFS)
· Additional offset = R*G1, G1=0,2,4,8
· 
The starting subframe is given by
· G={1.5, 2, 4, 8, 16, 32, 48, 64}
· eNB only configures values that result in T>=4
· T=Rmax*G
· For UE-SS, G is UE-specific
· For CSS for RAR/Msg3re-tx/Msg4, G is cell-specific and NPRACH resource-specific 
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

Agreements regarding to downlink transmission gaps:
· Single gap configuration is defined for NB-IoT downlink transmission.
· There can be one gap configuration for the PRB with NBPSS/NBSSS/SIB1, and with multi-PRB one optional additional gap configuration for the other PRB(s). If not configured then the same gap is used.
· Gaps configuration is applied for both NPDCCH CSS for paging and NPDSCH carrying the paging message
· The same configuration is used for paging NPDCCH and NPDSCH as that of other DL transmission
· For paging, R_NPDCCH_max refers to Rmax of paging CSS configured by eNB 
· X1 can be configured by SIB.
· When NB-PDCCH/NB-PDSCH repetitions are overlapping with a DL gap, the NB-PDCCH/NB-PDSCH repetitions are postponed to the next valid DL subframe. 
· Starting point of gap period (SFN=0, sf=0)
· {Gap starting point periodicity, Gap size} are
· signaled separately
· 2 bits each
· X1 is 2 bits
· {32, 64, 128, 256} 
· Gap starting point periodicity and gap size are on an absolute number of subframes
· 
When DL transmission gap is configured, each cycle starts with subframe (nf, ns) where Tg is the gap starting point periodicity, and 
· 10240 is an integer multiple of Tg
· Gap period {64, 128, 256, 512}
· Value set of Gap size is chosen from: 
· Gap size: {1/8, 1/4, 3/8, 1/2} * Gap period

Agreements regarding to SI:
· SI scheduling information is provided in NB-SIB1.
· One transport block of an SI message is transmitted over 8 consecutive valid DL subframes. 
· SI scheduling information is given by –
· TBS (2 bits)
· Values to be decided by RAN2, possible values are {208, 256, 328, 440, 552, 680}
· Repetition pattern
· Number(s) of repetitions (set of values up to RAN2)
· Time interval(s) between repetitions (set of values up to RAN2)
· Note that which is the first subframe for the repetition pattern relative to the start of the SI window is up to RAN2 to define. 

2. NPDCCH Search Space
2.1 Minimal Gap 
From the agreements that the start of an NPDCCH search space is >=4ms after the end of the last NB-PDCCH search space and G={1.5, 2, 4, 8, 16, 32, 48, 64}, we have the following observation
Observation 1: The allowed minimal T for Rmax =1 is 8.
It is however desirable to allow T=4 to reduce the latency as well as to make efficient use of downlink resource as depicted in Figure 1. 


Figure 1 Example DL resource utilization.

In fact, it has been agreed that eNB only configures values that result in T>=4.  For the above reasons, we have the following proposal
Proposal 1: The start of an NPDCCH search space is >=3ms after the end of the last NB-PDCCH search space.
2.2 Partial Search Spaces
Some combinations of Rmax and G can result in a partial search space within a 1024 radio frames. For instance, when G=1.5, neither of the corresponding search space period, T, divides 10240 regardless of the value of Rmax. For this problem, we propose to reuse eMTC mechanism as in the following:
Proposal 2: A UE is not required to monitor an NPDCCH search space if the search space starts before frame[image: ]and also include frame[image: ].
2.3 Overlapping Search Spaces
Due to downlink transmission gaps, some configurations of NPDCCH can result in overlapping search spaces. These configurations violate the existing agreements. An example of such configuration is depicted in Figure 2.


Figure 2 Example configurations with overlapping NPDCCH search spaces.

To avoid the confusion and help UE implementation, we propose the following text to be included in  TS 36.213.
Proposal 3: The following text is to be included in TS 36.213: 
A UE is not expected to be configured with a search space that
· overlaps with another search space 
· starts within 3ms after the end of last search space.

3. Collision with SI
Since a large number of repetitions of SI transmission is expected to provide the necessary coverage extension, collisions between SI and NPDSCH/NPDCCH cannot be completely avoided unless NPDSCH with large repetitions is never scheduled. 
In general, postponing subframes of any NPDSCH/NPDCCH overlapping with SI is preferred for two reasons: 
· It is consistent with other collision handling at UE. It has been agreed that repetitions of NPDCCH/NPDSCH that overlap with DL gaps, invalid DL subframes, and subframes occupied by NPSSS, NSSS, NPBCH and SIB1 NPDCCH/NPDSCH will be postponed. 
· One transport block of a SI message occupies 8 subframes, simply dropping the overlapping NPDSCH or NPDCCH subframes may have a significant impact on the performance. 
However postponing NPDCCH with small search space period, T,  leads to overlapping search spaces, as illustrated in Figure 3. As pointed out above, large search space period for small Rmax leads to inefficient use of downlink resource. Hence for small Rmax (<=8), it is desirable to drop an NPDCCH search space that fully or partially overlap with SI. Our proposal regarding to collision with SI is summarized as below
Proposal 4: Collison with SI
· postpone NPDSCH subframes that overlap with SI to the next valid subframe to the next valid subframe
· for Rmax>8, postpone repetitions of an NPDCCH that overlap with SI to the next valid subframe
· for  Rmax<=8, drop an NPDCCH search space that fully or partially overlap with SI.


Figure 3 Example of overlapping SS due to collision with SI 

4. Summary
In this document, we have the following proposals.
Proposal 1: The start of an NPDCCH search space is >=3ms after the end of the last NB-PDCCH search space.
Proposal 2: A UE is not required to monitor an NPDCCH search space if the search space starts before frame[image: ]and also include frame[image: ].
Proposal 3: The following text is to be included in TS 36.213: 
A UE is not expected to be configured with a search space that
· overlaps with another search space 
· starts within 3ms after the end of last search space
Proposal 4: Collison with SI
· postpone NPDSCH subframes that overlap with SI to the next valid subframe
· for NPDCCH  Rmax>8, postpone repetitions of an NPDCCH that overlap with SI to the next valid subframe
· for NPDCCH  Rmax<=8, drop an NPDCCH search space that fully or partially overlap with SI.
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Since 30% DL subframes are occupied by broadcasting channels, transmission time of a NPDCCH of repetition R is about R/0.7
Tp is the period of NPDCCH seach space; Tg is the period of DL gap.
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