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introduction
At GERAN#69 an energy efficient paging mechanism for higher coverage classes which uses a TSC from TSC Set 2 in the paging blocks was proposed. The simulation results showing the expected benefit in energy efficiency for higher coverage classes for different deployment scenarios are presented in [1]. The battery life time improvement for an MS having eDRX configuration for MAR report profiles employing TSC based early detection on EC-PCH was presented in [1] and [2].
In this discussion paper, the TSC based coverage class discrimination for handling different EC-CCCH scheduling scenarios is analysed. For this design EC-PCH and EC-AGCH use the existing two burst block format carrying the EC-Paging message and EC-Immediate Assignment Type 2 message, respectively, as defined in TS 44.018. It is noted that the design of the single burst short paging message is not considered hereafter as being further discussed in [3].
This document is an update of the discussion paper on the same topic presented in GERAN Telco#6 on CIoT-EC-GSM [4]. The updated paragraphs are marked in blue colour.
design overview
Key principles of the TSC based EC-CCCH Design are summarised as below.
· EC-PCH/EC-AGCH transmissions designated to only MSs in the lower coverage class (CC1) will always use a TSC from TSC Set 1. This will be referred as TSC-LC in the following.
· EC-PCH/EC-AGCH transmissions designated to MSs with at least one MS is in a higher coverage class (CC2 to CC4) will use TSC from TSC Set 2. This will be referred as TSC-HC in the following.
· MS in higher coverage class (CC2 to CC4) will verify the TSC correlation energy for both TSC-LC and TSC-HC at regular implementation specific checkpoints within its CC specific paging block/expected access grant block (i.e. the paging block according to its paging group/expected access grant block due to blind physical layer transmissions according to its DL CC). 
· If the correlation energy for TSC-LC is higher than TSC-HC by a specific threshold, MS concludes that lower CC paging blocks/access grant blocks are scheduled in its CC specific paging block / expected access grant block and stops listening to further lower CC paging blocks/access grant blocks (i.e. the remaining blind physical layer transmissions according to its DL CC).
· MS in lower coverage class (CC1) needs to decode the received bursts in its CC1 paging block / expected access grant block carrying TSC-LC or TSC-HC, the latter due to the below depicted scenarios.
· The EC-Paging message sent with TSC-HC may also carry one paging record to an MS belonging to CC1.
· The DL-CC of the MS in higher coverage class should be known to allow the MS to skip the reception accordingly when it is expecting EC-AGCH/EC-PCH in these paging occasions.
· The page extension information from EC-Paging message or EC-Immediate Assignment Type 2 message, respectively, needs to be decoded to know whether extended listening is required or not.
A candidate design of the EC-CCCH reception for an MS in CC1 to handle the above depicted scenario is illustrated below:
· On reception of the first burst of the EC-CCCH block, the MS checks the correlation against TSC-LC only; if TSC-LC correlation is higher than a specific threshold, the MS decides to IQ combine the second burst and decode using TSC-LC. 
· If TSC-LC correlation is lower in the first burst, the MS checks the correlation against TSC-HC only in the second burst; if it is higher than a specific threshold, the MS decides to IQ combine both the bursts and decode using TSC-HC.
· If the correlation check for both the TSCs does not exceed a specific threshold in both the bursts (i.e. TSC-LC in first and TSC-HC in second), the MS decodes the burst using that TSC for which the correlation energy is higher.
· With the above mechanism the MS can detect the TSC of the EC-PCH/EC-AGCH transmission and decode the burst using appropriate TSC without additional complexity.
Based on the above, the use of TSC-LC and TSC-HC and the message content for eight EC-CCCH scheduling scenarios are summarised in Table 1.
	Scenario
	Message content (TSC, DL CC indication, Page extension bitmap, Paging Identifier)

	1) EC-AGCH transmission to MS in CC1
	EC-AGCH Block shall use TSC-LC; 
EC-Immediate Assignment Type 2 message shall carry DL-CC set to CC1 and page-extension bitmap set for MS in CC1 only.

	2) EC-AGCH transmission to MS in a higher coverage class (CC2-CC4)
	EC-AGCH Block shall use TSC-HC;
EC-Immediate Assignment Type 2 message shall carry DL-CC set to the CC of the higher CC MS and page-extension bitmap set as per CCs of MSs which are expected to be scheduled later.

	Paging messages carrying P-TMSI 

	3) EC-PCH transmission to single MS in CC1
	EC-PCH block shall use TSC-LC; 
EC-Paging message shall carry DL-CC set to CC1, page-extension bitmap set for MS in CC1 only and a single P-TMSI value.

	4) EC-PCH transmission to two MS in CC1
	EC-PCH block shall use TSC-LC; 
EC-Paging message shall carry DL-CC set to CC1, page-extension bitmap set for MS in CC1 only and 2 P-TMSI values.

	5) EC-PCH transmission to single MS in a higher coverage class (CC2-CC4) 
	EC-PCH block shall use TSC-HC; 
EC-Paging message shall carry DL-CC set to the CC of the higher CC MS, page-extension bitmap set as per CCs of MSs which are expected to be scheduled later and single P-TMSI value. 

	6) EC-PCH transmission to two MS, each in a higher coverage class (CC2-CC4) 
	EC-PCH block shall use TSC-HC; 
EC-Paging message shall carry DL-CC set to the highest CC of both MSs, page-extension bitmap set as per CCs of MSs which are expected to be scheduled later and 2 P-TMSI values. 

	7) EC-PCH transmission to one MS in a higher coverage class (CC2-CC4) and to an MS in CC1 with eventually more pages pending for CC1 and higher CCs to be scheduled.
	EC-PCH block shall use TSC-HC; 
EC-Paging message shall carry DL-CC set to the CC of the higher CC MS, page-extension bitmap set for CC1 and higher CCs, one P-TMSI of an MS in CC1 and one P-TMSI of an MS in higher coverage class. 

	Paging messages carrying IMSI

	8) EC-PCH transmission to one MS in CC1 carrying IMSI with eventually more pages pending for MS in CC1 to be scheduled.
	EC-PCH block shall use TSC-LC;
EC-Paging message shall carry DL-CC set to CC1, page-extension bitmap for extended paging for CC1 only and one IMSI value.

	9) EC-PCH transmission to one MS in higher CC carrying IMSI with more pages pending for MS in CC1 and higher CCs to be scheduled.
	EC-PCH block shall use TSC-HC; 
EC-Paging message shall carry DL-CC set to the CC of the higher CC MS, page-extension bitmap for extended paging for CC1 and higher CCs, and one IMSI value.


Table 1: EC-CCCH scheduling scenarios.
summary
By using a TSC from TSC Set 2 while sending paging messages towards MS in a higher coverage class and a TSC from TSC Set 1 towards MS in the lower coverage class, it is possible to achieve energy efficient reception for paging of MS in one of the higher coverage classes, see [1] and [2]. 
As the EC-CCCH block transmitted to an MS in one of the higher coverage classes using a TSC from TSC Set 2 contains the page extension bitmap and DL-CC information which both are required also to be evaluated by the MS in CC1 for extended page reception, the MS in CC1 is mandated to also decode EC-CCCH block in its paging group/ expected access grant block transmitted using a TSC from TSC Set 2. 
A candidate design of the EC-CCCH reception is described, that ensures that the MS can detect the transmitted TSC based on correlation check against TSC-LC and TSC-HC, respectively, and use the identified TSC for decoding the block. With this mechanism the MS is able to decode EC-CCCH blocks transmitted using a TSC from either TSC Set 1 or 2 without the drawback of blind decoding.
Based on the above aspects yielding minimum impacts to device and base station, the energy efficient paging reception for MS in higher coverage class can be achieved with the presented TSC based detection mechanism as evaluated in [2].
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