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1. Introduction
In RAN1#84 and NB-IoT Ad-hoc meeting #2, the following agreements have been made.

Agreements regarding to NB-SIB1:
· NB-PDSCH for paging is always scheduled by a control channel
· SIB1 agreements
· The same TB for NB-SIB1 is transmitted over 8 subframes
· NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames
· Period of NB-SIB1 is not more than 512 radio frames, and choose one of the following alternatives:
· Alt 1. 256 radio frames, with repetitions {4,8,16}
· Alt 2. 512 radio frames, with repetitions {8, 16, 32}
· The subframes which are used are fixed in specification
· The repetitions of NB-SIB1 are equally spaced in time during the period of NB-SIB1
· The NB-SIB1 modification period is FFS
· 4 NB-MIB bits are used to indicate TBS and the number of repetitions of NB-SIB1(RNB-SIB1) via a table
· The 4 TBS values are selected from the TBS values of NB-PDSCH corresponding to 8 subframe transmission
· The starting frame number for NB-SIB1 repetitions in the NB-SIB1 period is determined according to a table

In RAN1 NB-IoT Ad-hoc meeting #2, the following agreements have been made regarding to paging.

Agreements regarding to paging :

· 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. 


	Ns 
	PO when i_s=0 
	PO when i_s=1 
	PO when i_s=2 
	PO when i_s=3 

	1 
	9 
	N/A 
	N/A 
	N/A 

	2 
	4 
	9 
	N/A 
	N/A 

	4 
	0 
	4 
	5 
	9 




2. System information
In order to access the cell, the UE needs to go first through the cell search and system information acquisition process. Similarly to legacy LTE and eMTC, multiple SIBs are transmitted over PDSCH. One difference of NB-IoT with respect to eMTC is the reduced TB size from 1000 bits to 680, which may not be enough to fit all the SIB information. For example, the PLMN-list may have a very large size and may cause NB-SIB1 to have a size which is larger than 680bits.
Observation 1: The maximum TBS size of 680 may not be enough to carry all the information necessary in SIB1 (e.g. PLMN-list). RAN2 should take this into account when designing and splitting the system information among different SIBs.
According to previous agreements, NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames, but the subframe in which to transmit it is still open. It is desirable to choose a subframe that does not collide with other signals/channels of NB-IoT or legacy. In Table 1, we show the subframe availability for NB-SIB1.

Table 1 Subframe availability for SIB
	Subframe index
	Comment

	0
	NB-PBCH

	1
	Potential MBSFN

	2
	Potential MBSFN

	3
	Potential MBSFN

	4
	Available

	5
	NB-PSS

	6
	Potential MBSFN

	7
	Potential MBSFN

	8
	Potential MBSFN

	9
	NB-SSS (every other radio frame)



We see that the only subframes available are subframe 4 and subframe 9. For simplicity, we propose to use subframe 9 for NB-SIB1 transmission.
Proposal 1: NB-SIB1 subframe is subframe 9 to avoid collision with sync channel, NB-PBCH and wideband MBSFN subframes.

3. Paging
According to previous agreements, paging messages are carried over NB-PDSCH scheduled by NB-PDCCH. This introduces an additional degree of eNB scheduling flexibility when paging multiple UEs. In order to enable efficient signalling, and similarly to eMTC, we propose to allow direct signalling of ETWS/SI-change over NB-PDCCH to reduce overhead. A flag bit can be introduced in the grant to indicate that the NB-PDCCH does not have an associated PDSCH.
Proposal 2: Enable the possibility of signalling system information change and/or ETWS information directly over NB-PDCCH.
3.1. Configuration of paging subframes
From Table 1, both SF0 and SF9 are occupied by broadcasting channels and hence are invalid DL subframes for paging CSS. According to the agreements, the first valid DL subframe will be used. As a result, when the number of paging occasions are 4, the starting subframe for paging CSS with i_s=0 and i_s=3 will be the same, causing possible collisions. 
To avoid the above problem, we propose to modify the paging subframe table as below

Table 2 Derivation of paging subframes, vi is the i-th valid DL subframe in a radio frame.
	Ns 
	PO when i_s=0 
	PO when i_s=1 
	PO when i_s=2 
	PO when i_s=3 

	1 
	v0
	N/A 
	N/A 
	N/A 

	2 
	v0
	v1
	N/A 
	N/A 

	4 
	v0
	v1
	v2
	V3





Proposal 3:  Adopt Table 2 for paging subframes.

3.2. Paging ambiguity
In our companion contribution [1] we propose that the NB-PDCCH candidates for monitoring in a paging occasion start in the paging occasion subframe (i.e, they cannot start in the middle of the repetition of another candidate). This search space design allows a UE in good coverage conditions to try early-decode and go back to deep sleep if there is no NB-PDCCH. Enabling this kind of early sleep is critical to reduce the UE battery consumption while in idle mode.
With the current agreements, the repetition of NB-PDCCH corresponding to one PO may overlap with a number of upcoming PO. For example, if we have 1 PO per RF, and use 256 repetitions, that PO will overlap in time with 25 other PO. This overlapping is unavoidable due to the low bandwidth and reduced multiplexing present in NB-IoT, especially for large repetition values. The main issue with this overlapping is that a UE in a different PO may successfully decode the NB-PDCCH for a previous paging occasion, and will try to decode the corresponding PDSCH, with the additional energy consumption involved. We present an example in Figure 1:
· eNB transmits page to UE 1 with 32 repetitions in SFN 0, SF 5 with 32 repetitions
· UE 1 monitors the page
· UE 2 monitors its paging occasion, which is SFN 1, SF 5. UE2 is in good coverage condition
· Due to the overlap between NB-PDCCH and the next PO, UE2 decodes NB-PDCCH and tries to decode PDSCH.
Note that this issue is going to increase the battery consumption of the network dramatically, since the overlap may be pretty large (e.g. repetition of NB-PDCCH in the order of hundreds of ms).


 
Figure 1 Ambiguity associated with NB-PDCCH and corresponding increase in battery consumption

Observation 2: Repetition of NB-PDCCH for paging may cause UE in overlapping PO to decode the control channel, with the corresponding increase in battery consumption.
This issue can be solved if we make sure that UE2 is not able to decode the NB-PDCCH of UE1. A simple way to enable this is to initialize the scrambling sequence of NB-PDCCH based on the absolute subframe number of the PO, for example. 
Proposal 4: The scrambling sequence for NB-PDCCH for paging is based at least on PO information (e.g.  absolute subframe number of the PO).

4. Summary
Observation 1: The maximum TBS size of 680 may not be enough to carry all the information necessary in SIB1 (e.g. PLMN-list). RAN2 should take this into account when designing and splitting the system information among different SIBs.
Observation 2: Repetition of NB-PDCCH for paging may cause UE in overlapping PO to decode the control channel, with the corresponding increase in battery consumption.
Proposal 1: NB-SIB1 subframe is subframe 9 to avoid collision with sync channel, NB-PBCH and wideband MBSFN subframes.
Proposal 2: Enable the possibility of signalling system information change and/or ETWS information directly over NPDCCH.
Proposal 3: Adopt Table 2 for paging subframe.
Proposal 4: The scrambling sequence for NB-PDCCH for paging is based at least on PO information (e.g.  absolute subframe number of the PO).
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