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Introduction
In the last RAN1, followings were agreed on paging/RAR message. This document discusses Physical layer aspects of System Information, Random Access and Paging. Note that SIB1 parameters are described in PBCH contribution[3].
	· Scheduling information for “MTC SIB1” (time, frequency and MCS/TBS) is derived from PCID and/or MIB and/or fixed/predefined in spec
· FFS: Impacts of MBSFN subframes, TDD configuration and PBCH repetition on possible time resources for “MTC SIB1”
· Scheduling information for subsequent “MTC SIs” (time, frequency and MCS/TBS) is derived from “MTC SIB1” and/or fixed/predefined in spec



	· Alternatives for number of UEs in paging/RAR message 
· Alt 1. Fixed number of UE(s)
· Alt 2. Variable number of UEs
· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism
· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages
· Option 2. M-PDCCH carrying paging/RAR message
· Option 3. PDSCH carrying paging/RAR message
· Further study with consideration of the followings
· Blocking probability needs to be considered
· How many UE monitoring occasions can be configurable in the system
· Spectral efficiency, UE power consumption, and network/UE complexity




Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]System Information
In [3], we propose the contents in PBCH. SIB1 TBS size, SIB1 resource utilization, and SIB1 time/frequency location and frequency hopping are jointly indicated in 5 bits usage in PBCH. 
We propose the narrow band containing SIB1 and all the other SIBs are called as Primary narrow band. We further propose the narrowband not to contain SIBs is called as Secondary narrow band. A cell can have multiple secondary narrow bands.
Primary and secondary narrowband hopping is based on the modification of PUSCH sub-band-based frequency hopping pattern [5]. The Pseudo-random sequence generator for these frequency hopping pattern is initialized by cell ID, SFN and the parameter given as the time/frequency location and frequency hopping by PBCH. Although large coverage case is noise/power limited deployment, no or small coverage case is deployed in interference limited condition[7]. Narrow band hopping is used to alleviate the lack of frequency and spatial diversity. By adjusting the Pseudo-random sequence generator by the parameter given by PBCH, the amount of the collision among neighbor cells can be more manageable even PCI is same. Example that non-enhanced coverage does not collide but enhanced coverage channels collide is described in Fig.1.


Fig.1 Example of common channel collision when coverage is extended to under the groud
Based on the above, we propose following.
Proposal 1: To define Primary narrow band which contains SIB1 and the other SIBs. A cell can have only one primary narrow band. 
Proposal 2: To define Secondary narrow band which does not contain SIB1 and the other SIBs. A cell can have multiple secondary narrow band.
Proposal 3: Pseudo-random sequence generator for primary and secondary hopping pattern is initialized by cell ID, SFN and the parameter given by PBCH.

Paging
MTC main target application is delay tolerance. Therefore, by extending the periodicity of paging, "blocking probability" and "the number of occasion UE can monitor" can be adjustable. If blocking is large, paging periodicity can be extended. If the number of occasion is not sufficient, the paging periodicity can be also extended in order to have more occasions. Therefore, the main discussion point would be spectrum efficiency, UE power consumption and network/UE complexity. 
Alt 1 of fixed number of UE(s) and alt 3 of variable padding but fixed size are basically similar design from UE blind decoding perspective. Therefore, for now, alt 1 and 3 are merged as one option. From BD effort of UE complexity perspective, feasible combination would be following.
	- Alt 2 (variable payload) and option 1 (M-PDCCH + PDSCH)
	- Alt 1/3 (fixed payload) and option 2 (M-PDCCH only)
	- Alt 1/3 (fixed payload) and option 3 (PDSCH only)
Among three options, "alt 1/3 and option 2" has following merits.
- Paging payload size is relatively small. Therefore, to carry it via convolutional encoding would be more efficient and reduced UE power consumption. 
- UE is prepared to receive multiple M-PDCCH receptions. By using this property, blocking of multiple paging can be managed. This reduces network complexity.
- Independent encoding of paging allows different number of the repetition depending on the different coverage levels. This improves spectrum efficiency.
Therefore, we propose to choose "alt 1/3 and option 2" combination for paging.
By using the equation specified in RAN2 and SIB configuration, the starting subframe of a Paging Occasion is determined. MPDCCH configuration for paging reception is configured by SIBs.
Based on the above, we propose following.
Proposal 4: To select "alt 1/3 and option 2" combination for paging. 
If large TBS size of paging has more gain than relatively individual encoding via option 1 or 2, to use PHICH as generic bit indication is also one approach [6].

RAR message
Similar to paging, by extending RACH periodicity, "blocking probability" and "the number of occasion UE can monitor" can be adjustable. Therefore, the main discussion point would be spectrum efficiency, UE power consumption and network/UE complexity.
BD effort and physical channel design property are similar to paging case. Therefore, we propose to choose  "alt 1/3 and option 2" combination also for RAR message.
This RAR is located by the MPDCCH search space configured by SIB. This RAR is scrambled by RA-RNTI i.e. preamble specific RNTI. By selecting preamble of RACH, UE knows RAR's RNTI and corresponding search space configured by SIBs.
Based on the above, we propose following.
Proposal 5: To select "alt 1/3 and option 2" combination for RAR message. 

Conclusion
We discussed system information, paging and RAR. We propose following. 
Proposal 1: To define Primary narrow band which contains SIB1 and the other SIBs. A cell can have only one primary narrow band. 
Proposal 2: To define Secondary narrow band which does not contain SIB1 and the other SIBs. A cell can have multiple secondary narrow band.
Proposal 3: Pseudo-random sequence generator for primary and secondary hopping pattern is initialized by cell ID, SFN and the parameter given by PBCH.
Proposal 4: To select "alt 1/3 and option 2" combination for paging. 
Proposal 5: To select "alt 1/3 and option 2" combination for RAR message. 
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