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EC-PICH Sequence Design
introduction 

A Work Item for further enhancements to EC-GSM-IoT [1] was approved at RAN#79. This work item includes the introduction of a new EC logical channel for energy efficient paging reception at higher coverage classes. The main design aspects of the new channel including the mapping of the new logical channel within the control multiframe and the number of bits to be conveyed by EC-PICH block are described in [2] which were agreed as way forward for specification work for introduction of EC-PICH in Rel-15.

In this paper more details on the design of the sequence to be used in EC-PICH channel for paging indication are investigated. This document is an update of the discussion paper presented in Telco #1 on CIoT_EC_GSM_fenh scheduled as per work plan of the WI [3]. The updates are highlighted in yellow.

discussion
As per the initial simulation results for EC PICH logical channel, for CC4 EC-PICH block, the block can convey 1 bit information by transmitting two sequences each representing one state of the information to be conveyed. For CC3 EC-PICH block, it is possible to convey 2 bits of information. For this purpose 4 different sequences each representing one state corresponds to the 2 bit information will be defined. In both the cases, 2 bursts within the EC-PICH block contain the same sequence similar to the EC-CCCH block design.
If the sequence for EC-PICH is derived completely based on random sequences, it may result in channel decoding failure at legacy EC-GSM-IoT device because these blocks will be read as EC-AGCH blocks by legacy EC-GSM-IoT MS. The MS will apply the channel decoding corresponding to EC-AGCH block and the channel decoding will fail in CRC check.
The impact to legacy EC-GSM-IoT devices can be avoided, if a new EC-CCCH message containing only the message type field is defined with remaining spare bits containing different values belonging to different sequences to be conveyed in the EC-PICH channel. For this purpose, the sourcing companies analysed the sequences generated with different bit patterns for the spare bits and identified multiple sequences which have sufficient cross correlation properties to meet the EC-PICH detection performance. The details on these sequences and their cross correlation and detection performance are described in [4], which also treats the aspect of performance requirements for EC-PICH.
The new identified sequences have the property to generate in the encoded sequence the same TSC part as that of the EC-CCCH bursts used in the cell. For this purpose, the set of sequences for EC-PICH are identified for each possible TSC value used in the EC-CCCH block. These sequence sets will be specified as bit patterns carried in the new EC-CCCH message in TS 44.018 as further described in the next section.


[bookmark: _GoBack]
new EC-CCCH message for EC-PICH channel
As described in earlier section, the new EC-CCCH message is defined and is sent over the EC-PICH channel as depicted below.

	EC PAGING INDICATION
{
   Message-type (4 bits)
   Paging Indication Sequence (84 bits)
}



The content of the paging indication sequence depends on the information to be conveyed in the EC-PICH channel.
For CC4 EC-PICH block the paging indication sequence mapping to information contents of EC-PICH is provided in the table below.
	Information bit value
	

	0 
	Sequence 1 as defined in the mapping table for CC4 in CR 44.018 [5].

	1
	Sequence 2 as defined in the mapping table for CC4 in CR 44.018 [5].



For CC3 EC-PICH block the paging indication sequence mapping to information contents of EC-PICH is provided in the table below.
	Information bit value
	

	00
	Sequence 1 as defined in the mapping table for CC3 in CR 44.018 [5].

	01
	Sequence 2 as defined in the mapping table for CC3 in CR 44.018 [5].

	10
	Sequence 3 as defined in the mapping table for CC3 in CR 44.018 [5].

	11
	Sequence 4 as defined in the mapping table for CC3 in CR 44.018 [5].



summary
The sourcing companies propose to specify the backward compatible set of paging indication sequences defined above as content of the new EC-CCCH message conveyed in the EC-PICH logical channel along with the specification of the new EC-CCCH message in TS 44.018 as basis for further specification work for defining the physical layer aspects of EC-PICH logical channel. The specification changes to TS 44.018, TS 45.001 and TS 45.003 for introduction of EC-PICH related changes are captured in [5], [6] and [7] respectively.
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