3GPP GERAN Adhoc#3 on FS_IoT_LC



                    GPC150380
Kista, Sweden   





                        Agenda Item: 2.4.1.5

29th June – 2nd July 2015
Source: Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd., Neul Ltd., Qualcomm Incorporated

NB-CIoT – Coverage Class of MAC Layer
1 Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. This paper describes the coverage class from MAC layer perspective for Narrowband Cellular IoT solution (NB-CIoT), formed from the convergence of the NB-M2M and NB-OFDMA candidate solutions [2]. Some adaptations are necessary to align with the converged physical layer and MAC layer designs, and due to the new frame structure, see [3] and [4].
2 Definition of coverage class
Multiple coverage classes are supported to adapt to different path and penetration losses experienced by different MSs. This allows MSs with better than worst case coupling loss to benefit from improved battery life and lower latency, and also benefits the network in terms of improved capacity. 
A one to one mapping is constructed between coverage class and PDCCH configuration, which mainly consists MCS, block repetition and resource information (sub-carrier*slot) of PDCCH. The PDCCH configurations are predefined in the specification. The codebook entry for the PDCCH configuration used in a cell is indicated by the information element PDCCH configuration signalled in system information.
3 Initial coverage class selection
The MS selects an appropriate coverage class for PDCCH monitoring based on its estimate of downlink signal quality. A typical procedure for the initial coverage class selection is:

Step-1: The MS performs measurements on downlink pilot signals and PSS/SSS contained in PSCH. (The detail measurements procedure will be described in downlink physical layer contributions.)
Step-2: The MS acquires the PDCCH configuration from system information.

Step-3: The MS chooses a candidate coverage class as the most probable class based on the downlink measurement results. 

Step-4: The MS attempts to decode the PDCCH messages corresponding to the candidate coverage class, and then applies the following decision process:

1> if a predefined decoding criterion (e.g., a predefined number of successive successful PDCCH decodes, or a predefined portion of successful PDCCH decodes) is met, the candidate coverage class is selected for subsequent communications;  

1> else 

2> if the candidate coverage class index is lower than the highest available value, the MS alters the candidate coverage class to a higher index and returns to Step-4. 

2> else the MS may trigger cell (re)selection.

4 Coverage class notification
The MS identity and its new coverage class need to be signalled so the network can update the coverage class for the MS.

When the MS performs random access, the estimated downlink coverage class is carried in the random access massage to notify the base station [5]. 
The MS identity is passed to the base station in the first uplink transmission when using the RACH with Random Number procedure and the base station can identify the MS from the C-RNTI value used in the RACH with C-RNTI procedure.
5 Coverage class adaptation
When the MS detects that its coverage class is improving or deteriorating the updated coverage class can be signalled to the base station. Frequent signalling of coverage class changes can cause additional MS power consumption and signalling load to the base station and core network. 

When a MS is in Idle Mode it wakes periodically to receive paging. The MS can use this wake time to determine whether its coverage class has changed and signal changes to the network before its paging occasion. The MS does not need to wake between paging occasions only to check whether its coverage class has changed and signal any changes to the network. 

While in Connected Mode a MS periodically decodes PDCCH messages at the current coverage class to determine if there is scheduling information addressed to it. The MS can use the similar decoding criterion in initial coverage class selection procedure to determine whether the coverage class has changed and signal changes to the network. 
6 Summary
This paper describes the definition of coverage class, initial coverage class selection, coverage class notification and adaptation.
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