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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1 NB-IoT Adhoc#2 [3], the following agreements were achieved regarding the paging transmission. In this contribution, we describe the remaining details of paging transmissions.
	Agreement:
DCI content: 

· Number of repetitions of NB-PDCCH:

· 2 bits (except for CSS for paging)

· 3 bits for CSS for paging

· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:

· 3 bits for NB-PDSCH (except for CSS for paging)

· 0 bits for paging

· 2 bits for NB-PUSCH

· Values are FFS. 

Agreements:

· Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations

· Starting subframe of paging CSS is determined by (PF, PO)

· 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. 
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Inform RAN2 that RAN1 has a mechanism to support the existing paging occasions. 


2. Discussion
Starting Subframe of NB-PDSCH Paging Transmission
Similar to Rel-13 eMTC, the transmission of paging data (including NB-PDCCH carrying paging DCI and NB-PDSCH carrying paging transmission) starts from a paging opportunity. In addition, the timing relationship between NB-PDCCH transmission and associated NB-PDSCH transmission needs to be considered for paging transmission. 

For NB-PDSCH paging transmission following a NB-PDCCH carrying paging DCI, the start subframe of NB-PDSCH transmission is not earlier than the first cell-specific PO subfrmae (SF0) that is >=4 ms later than the end of its associated NB-PDCCH transmission. Similarly, if the subframe SF0 is a valid DL subframe for NB-PDCCH transmission, then the subframe SF0 is the starting subframe of the NB-PDSCH paging transmission. If the subframe SF0 is NOT a valid DL subframe for NB-PDCCH transmission, then the first valid DL subframe after SF0 is the starting subframe of the NB-PDSCH paging transmission.
Proposal 1: For NB-PDSCH paging transmission following a NB-PDCCH carrying paging DCI, the start subframe of NB-PDSCH transmission is not earlier than the first cell-specific PO subfrmae (SF0) that is >=4 ms later than the end of its associated NB-PDCCH transmission. 
· If the subframe SF0 is a valid DL subframe for NB-PDCCH transmission, then the subframe SF0 is the starting subframe of the NB-PDSCH paging transmission. 
· If the subframe SF0 is NOT a valid DL subframe for NB-PDCCH transmission, then the first valid DL subframe after SF0 is the starting subframe of the NB-PDSCH paging transmission.
Paging Ambiguity
The mechanism to derive {PF, PO} in LTE is as following:

· PF is given by following equation: SFN mod T= (T div N)*(UE_ID mod N).
· Index i_s pointing to PO can be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns.

· The following Parameters are used for calculation of PF and i_s:

· T: DRX cycle of the UE.
· nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

· N: min(T,nB)

· Ns: max(1,nB/T)
By configuring different nB value, the NB-IoT cell can provide different level of paging capacity, and different level of PF density during one DRX cycle. 
Currently, the paging DCI transmission starts from a PO subframe (if it is a valid subframe) and repeatedly transmitted for coverage extension. There is possibility that repetition of paging DCI transmission may overlap with the upcoming PO subframes. The paging DCI may be successfully decoded by other group UEs which monitor the upcoming POs. Then the other group UEs may keep trying to decode the corresponding NB-PDSCH carrying paging messages in a wrong manner, which results in extra unnecessary energy consumptions. This paging ambiguity issue was also mentioned in [4]. It was proposed in [4] to initialize the scrambling sequence of paging DCI based on the PO information. However, it is very likely that nB≤T is configured to reduce the PF density due to the infrequent traffic feature in NB-IoT. Therefore, the same PO subframe index (#9) is always used for the UEs in different groups if nB≤T. It will be helpful to reduce the paging ambiguity by initializing the scrambling sequence of paging DCI based on the frame index of PF, which is distinguishable during one DRX cycle.
Proposal 2: The scrambling sequence for NB-PDCCH for paging DCI can be based on at least the PF information (e.g., the absolute PF index in an DRX cycle).
3. Conclusions
This contribution discussed the remaining details of paging transmissions. In summary, the proposals are as follows:
Proposal 1: For NB-PDSCH paging transmission following a NB-PDCCH carrying paging DCI, the start subframe of NB-PDSCH transmission is not earlier than the first cell-specific PO subfrmae (SF0) that is >=4 ms later than the end of its associated NB-PDCCH transmission. 
· If the subframe SF0 is a valid DL subframe for NB-PDCCH transmission, then the subframe SF0 is the starting subframe of the NB-PDSCH paging transmission. 
· If the subframe SF0 is NOT a valid DL subframe for NB-PDCCH transmission, then the first valid DL subframe after SF0 is the starting subframe of the NB-PDSCH paging transmission.
Proposal 2: The scrambling sequence for NB-PDCCH for paging DCI can be based on at least the PF information (e.g., the absolute PF index in an DRX cycle).
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