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1.  Introduction
In RAN 1 #84 meeting, timing relationships of two NPDCCH search space was agreed to give UE sufficient time for NPDCCH blind decoding. 
· Working Assumptions:
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space


In RAN 1 #84bis, the following was agreed on starting subframes of NPDCCH search space that: [bookmark: OLE_LINK32]Agreements:
· Starting subframes:
· 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
· 
[bookmark: OLE_LINK41]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 


In this paper, we discuss some remaining issue of starting subframe of NPDCCH search space. 
2. Gap between two NPDCCH search spaces

In order to avoid accumulation of NPDCCH blind decoding candidates to next NPDCCH search space, 4ms gap between the end of last NPDCCH search space and the start of an NPDCCH search space was agreed to be introduced in RAN 1 #84 meeting. UE is expected to finish NPDCCH blind decoding within 4ms after each NPDCCH search space, so that there is no accumulation of NPDCCH blind decoding.
[bookmark: OLE_LINK38]During the discussion in RAN #84bis on starting subframe of NPDCCH search spaces, 4ms gap was raised up.  However, the agreement “eNB only configures values that result in T>=4” is not strong enough to ensure 4ms gap for some configurations. For example, shown as Table 1, for Rmax =4 and G = 1.5, T =6. This configuration cannot provide 4ms gap between two adjacent NPDCCH search spaces.  
In addition, considering the not all the DL subframes are valid subframes. Even for the configuration with T>6, the gap between two NPDCCH search spaces cannot be guaranteed. In order to align with previous agreement and not impact on UE complexity. We propose that the configurations of G and Rmax that cannot ensure 4ms gap between the start of a NPDCCH subframe and the end of the last NPDCCH search space are invalid. 
[bookmark: OLE_LINK40]Proposal #1:  The configurations of G and Rmax that cannot ensure 4ms gap between the start of a NPDCCH subframe and the end of the last NPDCCH search space are invalid. 
Table 1  The NPDCCH periodicity T with different configurations of Rmax and G.
[image: cid:image002.png@01D1AC6A.ED720B00]
3. Offset of starting subframe of NPDCCH search space

[bookmark: OLE_LINK39]Shown as Table 1, there are some configurations with T = Rmax * G> 10240. Based on the formula for starting subframe of NPDCCH search space, for the values T = Rmax * G> 10240, there is only one NPDCCH search space which starts at SFN =0 and subframe =0. This means for extreme coverage case, there is only one NPDCCH search during each SFN cycle. Once some of these DL subframes are occupied by other users, these UE in coverage enhancement mode need to wait for 10.24s. 
[bookmark: OLE_LINK42]Moreover, not only UEs in extreme coverage mode will suffer this NPDCCH search space blocking issue. For all the UEs, the starting subframe of NPDCCH search space is from SFN=0 and subframe =0. Shown as Figure 1, although G is UE-specific parameter, there are overlaps for any configuration G and Rmax. This overlap also happens for common search spaces for RAR/Msg 3 re-tx/Msg 4. It may require a long time window for RAR reception and is harmful for UE battery life. In addition, the overlap of NPDCCH search space will restrict eNB scheduler and also harmful for resource unitization because of the fixed timing relationship between NPDCCH and it scheduled UL/DL data. 

[bookmark: OLE_LINK43]In order to provide more flexibility for eNB and to better utilize system resource, an offset for NPDCCH search space can be introduced and the formula for starting subframe of NPDCCH can be further updated as , where αoffset is an UE-specific parameter configured by RRC for USS and cell-specific and PRACH level specific parameter for CSS for RAR/Msg 3 re-tx/Msg 4. 2 bit RRC signaling can configure αoffset one of 4 values from {0, 1/4, 1/2, 3/4}.

[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Proposal #2: The formula for starting subframe of NPDCCH is updated as , where
· αoffset is an UE-specific parameter configured by RRC for USS and cell-specific and PRACH level specific parameter for CSS for RAR/Msg 3 re-tx/Msg 4.
· 2 bits RRC signaling configure one of 4 values from {0, 1/4, 1/2, 3/4} for αoffset

[image: ]
Figure 1 Example of NPDCCH search space. 
4. Conclusion
In this paper, we analyzed open issues on NPDCCH search space. We proposed:
Proposal #1:  The configurations of G and Rmax that cannot ensure 4ms gap between the start of a NPDCCH subframe and the end of the last NPDCCH search space are invalid.

Proposal #2: The formula for starting subframe of NPDCCH is updated as , where
· [bookmark: _GoBack]αoffset is an UE-specific parameter configured by RRC for USS and cell-specific and PRACH level specific parameter for CSS for RAR/Msg 3 re-tx/Msg 4.
· 2 bits RRC signaling configure one of 4 values from {0, 1/4, 1/2, 3/4} for αoffset
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