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At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved, see [1]. The objective are to specify a radio access for cellular internet of things that 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. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 
1. “Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2. “Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3. “In-band operation” utilizing resource blocks within a normal LTE carrier

NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], for the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

In last meeting, the following agreement has been made.
	
RAN1#84 Agreement:
· NB-PDSCH for paging is always scheduled by a control channel




Thus the key of paging design is the NPDCCH associated with P-RNTI. In this contribution, we discuss common search space for paging and other aspects of paging.
Subframes occupied by other broadcast channels/signals
Subframes {0, 4, 5, 9} are already densely occupied by other broadcast channels/signals:
· NPBCH: NPBCH fully occupies the PRB at subframe 0 in every radio frame; 
· NPSS: NPSS is transmitted in subframe 5 with periodicity of 10 ms. NPSS uses the last 11 OFDM symbols of subframes in which NPSS occurs for normal CP. That is, NPSS takes subframe 5 in every radio frame;
· NSSS: NSSS is transmitted in subframe 9. NSSS uses the last 11 OFDM symbols of subframes in which NSSS occurs for normal CP.  Periodicity of NSSS is FFS;
· SIB1: NSIB1 is transmitted in subframe #4 within each radio frame transmitting NSIB1. The radio frame occupied by NSIB1 occurs in every other frame in 16 consecutive radio frame, with the cluster 16 radio frame occurs every {64, 32, 16} radio frames;

Paging subframes in inband operation
For all operation modes, including multi-PRB operation, the UE receives paging on the anchor PRB. Other than paging NPDCCH and NPDSCH, several types of broadcast channels and signals also take place on the same PRB, including NPBCH, NPSS, NSSS, NSIB1, and other SIB transmission. 
Additionally, for inband operation, MBSFN subframe pattern has to be respected. This limits the subframes to SF {0, 4, 5, 9} in a radio frame for transmitting NPBCH, NPSS, NSSS, NSIB1, paging starting subframe. 
Compared to legacy LTE, the possible subframes to start paging CSS is very limited:
· Subframe 4 in those radio frames not occupied by NSIB1;
· Subframe 9 in those radio frames not occupied by NSSS;  We assume that NSSS is transmitted at most in every other radio frame. This leaves at least subframe 4 in every other radio frame for paging CSS.
Subframe 0 and 5 are not available for paging CSS any longer. 

To handle the reduced PO with subframe indices {0, 4, 5, 9}, the following two alternatives can be considered:
Alternative 1:	Use a paging subframe pattern with reduced number of PO, as illustrated in Table 1. If the subframe sf0 determined by {PF, PO} collides with the NSSS or NSIB1 transmission, the UE is paged in the next available radio frame not containing NSSS or NSIB1. That is,
a.  If sf0 points to a subframe 4 which collides with a NSSS transmission, the paging CSS of the UE starts in SFN’=SFN+1 (mod 1024) with subframe 4.
b. If sf0 points to a subframe 9 which collides with a NSIB1 transmission, the paging CSS of the UE starts in SFN’=SFN+1 (mod 1024) with subframe 9.
Alternative 2:	Use the existing paging subframe pattern without reducing the number of PO. 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 for this set of {PF, PO}. If the subframe sf0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DLsubframe that come after sf0 is the starting subframe of the paging CSS for this set of {PF, PO}.

Alternative 1 has the benefit of starting paging CSS at the designated paging subframe frame indices. The drawback of Alternative 1 is that the total number of paging opportunities is reduced. Alternative 2 has the benefit of providing the same number of paging opportunities as in legacy system. Alternative 2 has the drawback that starting subframe of paging CSS is not aligned with the paging opportunity subframe. 

Discuss which mechanism (Alternative 1 or Alternative 2) should be used in determining the starting subframe of paging CSS for inband deployment.

Table 1: Paging subframe pattern for FDD:
	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 N/A
	4
	5 N/A
	9



Paging subframes in standalone and guard band operation
For standalone and guard band operation, the set of subframes occupied by NB-PBCH, NPSS, NSSS, and NSIB1 are the same as inband operation. However, there is no legacy MBSFN transmission.
Hence, in addition to the Alternative 1 and Alternative 2 in the above, there is an Alternative 3 for handling paging CSS for standalone and guard band operations.
Alternative 3:	Introduce new subframe pattern for paging CSS. In this alternative, new subframe indices are defined for the PO. One example is to use subframe {1,2,6,7} instead of subframe {0,4,5,9}. Correspondingly, the PO table is modified to Table 2.

Table 2: New paging subframe pattern for FDD standalone and guard band operation
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	7
	N/A
	N/A
	N/A

	2
	2
	7
	N/A
	N/A

	4
	1
	2
	6
	7



Consider commonality between different operation types, as well as future proof of TDD, a same mechanism that defines the starting subframe for paging CSS is preferred. Thus Alternative 3 is not preferred. Either Alternative 1 or Alternative 2 can be adopted for inband, standalone, and guard band operations.
Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations.

Other MPDCCH parameters for paging
Other aspects of paging CSS can be defined by adopting the following proposals. The design principles of paging for eMTC are largely reused.
 
For paging CSS, PDCCH transmission always assumes AL=2.

The paging CSS is defined by the cell-specific parameter Rmax, paging maximum number repetition.

The cell-specific parameter Rmax, paging is signaled via SIB1.

The starting SF for all repetition candidates in the Paging CSS is determined by the paging opportunity SF. 
Conclusions
In this contribution, we discussed paging CSS issues and make the following proposals: 
1. Discuss which mechanism (Alternative 1 or Alternative 2) should be used in determining the starting subframe of paging CSS for inband deployment.
Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations.
For paging CSS, PDCCH transmission always assumes AL=2.

The paging CSS is defined by the cell-specific parameter Rmax, paging maximum number repetition.

The cell-specific parameter Rmax, paging is signaled via SIB1.

The starting SF for all repetition candidates in the Paging CSS is determined by the paging opportunity SF. 
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Appendix
PF and PO is determined by following formulae using the DRX parameters provided in System Information:
PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns

Table 3: Paging subframe pattern for FDD:
	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
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