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Paging Indication Channel, Concept Design
introduction 

The Work Item on “Further enhancements for EC-GSM-IoT” [1] was approved at RAN#79. In the following, the work item objectives are re-iterated.
The Work Item has following objectives:
- 	to specify further enhancements to idle mode operation of EC-GSM-IoT devices, that allow further energy saving for paging reception by
· introducing of a paging indication channel, and 
· introducing enhancements to the system information acquisition procedure at the target cell triggered by cell reselection,
The work will consider/assess the following changes while avoiding any impacts to BTS hardware and significant impact to MS hardware:
· Defining a new EC logical channel used for paging indication based on which the MS decides on whether to read the paging blocks associated with its paging occasion or enter into sleep mode.
· Defining a new EC logical channel used for carrying a change mark indication for the Idle mode mobility configuration of the cell referring to a set of cell parameters (e.g. parameters for paging reception, coverage class selection and cell reselection). 
· Defining the information contents of the new logical channel and its burst format which ensure the required coverage performance at 164 dB MCL coverage condition.
· Modifications to the system information acquisition procedure after cell reselection.
· Modifications to EC System Information message contents to enable additional enhancements related to cell reselection.
· Modifications to EC-SCH Information message (i.e. by using a subset of the available spare bits within the legacy EC-SCH to indicate when the cell supports the new EC logical channels) and common control channel messages (EC-CCCH) for EC operation.
The work will include investigation of similar enhancements for PEO devices, and their related specification in case sufficient performance gain is verified: 
- 	Defining a new logical channel as part of the common control channel for paging indication and for enhancing System Information acquisition of neighbor cells.
- 	Modification to System Information messages for enhancing System Information acquisition of neighbor cells.
The introduction of the new functionality shall be backward compatible.

In this document, the concept design related to the definition of the new EC logical channel for paging indication is discussed and working assumptions for further specification work are formulated related to introduction of the new logical channel. The changes with respect to earlier version are highlighted in yellow.


CONCEPT DESIGN FOR THE new eC logical channel for paging indication 
As per the energy consumption analysis shown in [2], for lower eDRX cycle configurations, use of new logical channel to indicate the presence or absence of paging in corresponding paging group is expected to improve the energy efficiency by additional 10% over the energy saving achieved by Rel-13 functionality where the MS uses TSC based differentiation to early terminate the reception of higher coverage class paging blocks [3].
Thus, new logical channel for paging indication to MSs in a higher coverage class is beneficial to achieve additional energy saving. In this section we present design aspects of the new EC logical channel called EC-PICH (EC Paging Indication CHannel). It is part of the EC-CCCH/D.
Burst format and contents of EC-PICH
As per the coverage performance of the EC-PICH channel [4], in order to meet the EC-PICH's required coverage performance in terms of missed detection rate and false wake-up rate, as proposed in [4], a single bit of information, carried over a single burst, needs to be repeated in 2 successive TDMA frames for the input signal level at reference performance for the CC4 coverage condition. For CC3 coverage condition, 2 bits of information are mapped onto two bursts sent in two successive TDMA frames of the EC-PICH block.
As the number of transmissions for CC2 EC-PCH blocks are only 8, and the TSC based differentiation [3] can already provide sufficient energy saving for CC2 users, the additional energy saving through the paging indication channel is minimum. Moreover, including paging indication jointly for CC2 and CC3 in a single block will impact energy efficiency for CC3 MS when CC2 page is scheduled and vice versa. Having dedicated EC-PICH for CC2 will consume additional EC-CCCH/D resource, otherwise available for sending EC-AGCH blocks, which is not justified due to minor energy saving expected for CC2 with paging indication. Thus, the CC2 MS will not refer to EC-PICH block prior to paging reception.
Working Assumption 1: 
· The EC-PICH block for MS in CC4 coverage condition carries a single bit of information indicating presence of valid EC-PCH message in one CC4 EC-PCH block within the control multiframe. 
· The EC-PICH block for MS in CC3 carries 2 bits of information indicating the presence of valid EC-PCH for two CC3 EC-PCH blocks within the control multiframe.
· MS in CC2 will not refer to EC-PICH block prior to paging reception.
Location of the new logical channel within control multiframe
The new logical channel should be included within the control multiframe by replacing some of the existing control channel blocks corresponding to legacy control channels. In each control multiframe, 2 EC-CCCH/D blocks following the EC-BCCH block are used only to send EC-AGCH blocks for MS in CC1. Remaining blocks are mapped to either EC-AGCH or EC-PCH blocks. If the new logical channel replaces any of the existing EC-PCH blocks, it may impact the paging reception for legacy MS. Hence the new logical channel should be replacing the blocks which are not used for paging purpose. Thus, the 2 EC-CCCH/D blocks following the EC-BCCH block are selected as position of EC-PICH channel within the control multiframe structure.
In case a legacy MS is receiving the EC-PICH block where it attempts to decode an EC-AGCH block, the MS may fail in decoding this message. This failure will not have any major impact for the legacy MS as the MS will attempt to decode next successive EC-CCCH/D block for any EC-CCCH/D message in response to its random access attempt.
Working Assumption 2: EC-PICH blocks are located in FN15 to FN18 within the control multiframe, which is used by EC-AGCH blocks for CC1 in earlier releases. 
Mapping of EC-PICH block to EC-PCH blocks
The EC-PICH block to EC-PCH block mapping within the control multiframe for envisaged coverage classes CC4 and CC3 is illustrated in Figure 1 and Figure 2 below.
As per Figure 1, a CC4 EC-PCH block is transmitted over 8 successive EC-CCCH/D blocks in each 51 multiframe and repeats on the same EC-CCCH/D block location for 4*51 multiframes. Within 4*51 multiframes, 2 CC4 EC-PCH blocks exist. As per Figure 2, a single CC3 EC-PCH block is transmitted over 8 successive EC-CCCH blocks in each 51 multiframe and repeats on the same EC-CCCH/D block location for 2*51 multiframes.
For CC4, to indicate the paging for 2 EC-PCH blocks within 4*51 multiframes, 2 EC-PICH blocks are required prior to the start of the corresponding paging blocks. In the same manner, to indicate for CC3 the paging for 2 EC-PCH blocks within 2*51 multiframes, one EC-PICH block carrying 2 bits of information is required for every 2*51 multiframes. These EC-PICH blocks need to be placed prior to the start of the corresponding paging blocks.
Figure 1 illustrates the mapping of EC-PICH block to EC-PCH blocks for CC4. The EC-PICH blocks corresponds to two CC4 paging blocks occurs in FN15-FN18 of first 51 multiframe of the 4*51 multiframes where these paging blocks are mapped.
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Figure 1: CC4 EC-PICH block mapping to CC4 paging blocks.
Figure 2 illustrates the mapping of EC-PICH block to EC-PCH blocks for CC3. EC-PICH block in FN17-FN18 in the last 51-multiframe of two adjacent 51-multiframes indicates the presence of paging in the paging block in the next two 51-multiframes. Hence the EC-PICH contains two bursts each carrying one bit indication for paging presence for one of the paging blocks in the next two 51-multiframes.


Figure 2: CC3 EC-PICH block mapping to CC3 paging blocks
The EC-PICH blocks for CC3 and CC4 within 4*51 multiframe structure is provided in Figure 3.  4 out of 8 EC-AGCH blocks of CC1 are used for EC-PICH blocks for CC3 and CC4.
[image: ]
Figure 3: EC-PICH blocks mapping within 4*51 multiframe
Working Assumption 3: Figure 1 and Figure 2 illustrate the mapping between EC-PICH block and EC-PCH block for CC3 and CC4 paging. 
In case of multiple EC-CCCH configurations, the EC-PICH blocks occupies different position within 51 multiframes to reduce the impacts to higher coverage class EC-AGCH blocks. The EC-PICH blocks occurs in the position where only CC1 EC-AGCH blocks are used.
EC-PICH block positions and their mapping to the corresponding paging blocks, when the EC-PICH is mapped onto TN3,TN5,TN7 are illustrated in Figure 4.

[image: ]
Figure 4: EC-PICH blocks mapping within 4*51 multiframe for TN3,TN5,TN7
Working Assumption 3A : The EC-PICH blocks occurs in the first CC1 EC-AGCH block positions within the 51 multiframe when the EC-PICH blocks are used for paging indication in TN3,TN5 and TN7. The mapping is illustrated in Figure 4.
Activation of the Paging Indication Functionality
Whether the cell supports EC-PICH channel for higher coverage classes CC3 and CC4 is indicated via a new parameter in EC SYSTEM INFORMATION 2 message. If the base station does not support CC3, only EC-PICH for CC4 is used and the EC-CCCH/D location for CC3 can be used to send EC-AGCH blocks.
Working Assumption 4: The support of EC-PICH for higher coverage classes CC3 and CC4 is indicated via new parameter in EC SYSTEM INFORMATION 2. If CC3 is not supported in the cell, the corresponding EC-CCCH/D blocks may be used to send EC-AGCH block for CC1.
The paging indication in the EC-PICH needs to be set only if there is a paging message towards a Rel-15 MS. If the paging message is dedicated to a MS not supporting Rel-15 and sent on the CC4 paging block, the EC-PICH content should not indicate paging. The resource can instead be used to send EC-AGCH block for CC1. For this purpose, the SGSN should include an additional parameter in the PAGING PS message towards BSS indicating whether paging indication is required or not.
[bookmark: _GoBack]Working Assumption 5: SGSN indicates whether or not the target MS supports EC-PICH as part of the PAGING PS message sent to BSS for CC3/CC4. BSS decides to set the EC-PICH content accordingly when this paging is scheduled.
.
MS indicates whether it is capable of reading EC-PICH as part of its page monitoring as additional parameter in MSRAC capability.
Working Assumption 6: MS indicates its capability support for EC-PICH reception in MSRAC to the network.
conclusion
Key aspects of EC-PICH channel design are discussed in this paper. Working assumptions for further specification work for EC-PICH are also formulated. The sourcing companies propose to agree on the working assumptions 1 to 6 defined in section 2 as basis for specification changes related to EC-PICH support in Rel-15.
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