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EC-PCH Enhancements for EC-EGPRS: 
single P-TMSI based paging

Introduction
At GERAN#68, a discussion paper indicating the limitations of the existing EC-PCH design along with proposals to overcome those limitations was presented in [1]. In this paper a new EC-PCH message to carry single P-TMSI is defined along with the method to multiplex lower and higher coverage class paging messages in the same paging block. 
EC-PCH DESIGN FOR INCREASED paging capacity
EC-PCH Logical channel mapping
As per the latest logical channel mapping for EC-PCH proposed in [2], the EC-PCH coverage class mapping uses 1, 8, 16 or 32 blind physical layer transmissions for CC1, CC2, CC3 or CC4, respectively.
Figure 1 below shows the latest EC-PCH mapping for different coverage classes. It can be seen that the blind physical layer transmissions for CC2 and higher coverage classes CC3 and CC4 all use a sequence of 8 paging blocks in successive 51- multiframes, the number of 51-multiframes depending on the coverage class.


Figure 1: EC-CCCH/D mapping, replication of figure 4 in [2].
 
Multiplexing of lower and higher coverage class paging records in the same paging block
As per the existing EC-Paging message format, it can carry two paging records of type P-TMSI or single IMSI. Even though the single paging message can carry two P-TMSI, when one of the paging record is meant for higher coverage class device and the second P-TMSI belongs to a device in the lower coverage class, then the latter needs to be repeated in the entire paging block transmission to the device in the higher coverage class. In this case, if more pages are to be scheduled for devices in lower coverage class, these need to be scheduled after end of the current transmission to the higher coverage class device. More details about these problems are indicated in [1].
Multiplexing of two coverage class paging messages using VAMOS was proposed in [1]. But this method was commented to require additional complexity at the device receiver and interworking of VAMOS with IQ combining was indicated as another issue.
Thus a new mechanism for multiplexing lower and higher coverage class devices in the same paging block with use of different TSC’s for lower coverage class (CC1) and higher coverage classes (CC2 to CC4) is proposed here.
The solution proposes following changes to the EC-PCH design:
· A new EC-PCH message to carry single P-TMSI and corresponding channel coding parameters are defined. This new format can be referred as ‘short-paging-message’.
· Multiplexing two short-paging-messages in two bursts of the EC-PCH block, with one short-paging-message per burst.
· Use of different TSC’s for different coverage classes as described in [3] is extended when the short paging messages of two different coverage classes are multiplexed in the same paging block.
· It is further proposed to aim at a device implementation to blindly detect the received EC-PCH message format.

New EC-PCH message to carry single P-TMSI
To allow efficient multiplexing of paging messages to devices in two different coverage classes in the same paging block, a new EC-PCH message with reduced payload size to carry a single P-TMSI is defined. The new message will contain only following parameters:
· Page-mode (2 bits)
· P-TMSI  (32 bits)
As the new format only carries this new EC-PCH message, a message type is not required. The channel coding parameters for this new message are given below in Table 1.
	Parameter
	Value

	Payload
	34 bits

	CRC
	18 bits

	Convolutional coding
	1/3
(Same polynomial as used for EC-PCH)

	Puncturing
	40 bits

	Burst mapping
	Map to one burst within paging block

	Number of repetitions
	1 (CC1); 8 (CC2); 16 (CC3); 32 (CC4)


Table 1: Channel coding parameters for the new EC-PCH message. 

Link level performance of new EC-PCH channel design
The link level performance of the new EC-PCH message format is evaluated for TU1.2nFH@900MHz radio channel for the highest number of transmissions (=64). The results are depicted in Figure 2 below.
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Figure 2: BLER performance for new EC-PCH single P-TMSI message format. 
As per the above results, the link level performance for the new P-TMSI page, which is mapped to one burst of the paging block, achieves the required sensitivity performance at target MCL=164 dB (BLER < 10 % for Es/No=-6.3 dB) for CC4.

Multiplexing of lower and higher CC paging messages 
The paging group calculations are not modified by the introduction of the new EC-PCH single P-TMSI message format. Mapping of paging blocks for each coverage class is also not impacted with the new format.
Multiplexing of higher and lower coverage class paging messages in the single paging block can be realised as depicted below.
· On the first burst of the paging block, the short paging message to the device in the lower CC (i.e. CC1) is mapped. This burst will use the TSC corresponding to the lower CC.
· On the second burst of the paging block, the short paging message to the device in the higher CC (i.e. CC2, CC3 or CC4) is mapped. This burst will use the TSC corresponding to the higher CC.
· The combined paging block is transmitted in N paging blocks according to the format of the higher CC message.
· Across multiple paging blocks to the device belonging to the higher CC, the first burst of each paging block may carry different short-paging messages to devices in the lower CC with second burst carrying the repetition of the same message to the device in the higher CC.
· The network chooses this format when it wants to schedule one higher CC paging message along with more than one lower CC paging messages over the same paging blocks.
In particular it is proposed that this format is used to multiplex several CC1 paging messages with another higher coverage class paging message. This format is applicable only when the paging record to be scheduled is P-TMSI type. 
For IMSI paging the existing EC-Paging message and EC-PCH block structure, combined with the TSC for lower coverage class or higher coverage classes, respectively, as depicted in [3] is proposed to be used. The same applies for the case of two P-TMSI type paging records to devices in the same coverage class.
Figure 3 below illustrates the mapping of the new EC-PCH single P-TMSI message to bursts of the paging block along with an example multiplexing of CC1 and CC2 paging messages with this approach.
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Figure 3: Mapping of new EC-PCH single P-TMSI message onto the paging block and example multiplexing of pages to devices in different coverage classes over a combined paging block. 

Blind detection of paging message format by the device
The device can detect the paging format without the need for additional information included in the EC-PCH transmission as explained below.
Considering the device in CC1:
· It estimates the cross correlation energy of the first and the second burst against the TSC of CC1.
· If the cross correlation energy differs by more than a specific threshold, it represents an indication that the second burst carries a paging message for a different CC.
· In the above case the device attempts to decode the first burst using short-paging message channel coding parameters assuming P-TMSI based paging.
· If the cross correlation energy, estimated in both bursts, are close to each other or even same, the device uses the existing EC-PCH channel block structure to decode the same.
Considering the device in the higher CC:
· The device IQ combines odd and even bursts separately and estimates the cross correlation energy against its assigned TSC for both portions after IQ combining the required transmissions.
· If there is an energy difference between these estimated levels exceeding specific threshold, the device attempts to use the second burst for further decoding using the short paging message channel coding parameters assuming P-TMSI based paging.
· Else the device uses the existing EC-PCH block structure for further decoding assuming IMSI based paging.

Energy efficient reception for multiplexed block transmissions
The TSC based detection of the presence of the page to a device in lower CC in the EC-PCH block explained in section 2.1 can be modified for the multiplexed transmission as depicted below.
· At every checkpoint the device operating in the higher coverage class will IQ combine both bursts of the paging block separately and estimate the cross correlation energy for both TSCs.
· If the cross correlation energy for the lower CC is higher than a specific threshold in both the bursts, the device in higher CC will enter into sleep mode.
This approach may have lesser energy efficiency compared to the method mentioned in section 2.1 where more bursts are combined for TSC estimation yielding following observation.
Observation 1: 
It is possible to multiplex paging messages to devices in CC1 with a paging message to a device in the higher coverage class (i.e. CC2, CC3 or CC4) in the same paging blocks by introducing a new short paging message format which carries a single P-TMSI. The TSC based differentiation of coverage classes proposed for energy efficient reception is reused to differentiate the paging blocks of different coverage classes at the device side.
Illustration of benefit for multiplexing lower and higher CC pages
With the new proposed EC-PCH design, the latest proposed coverage class alignment [2], mapping devices in the coverage range lower than SNR=3.0 dB to higher coverage classes, is well taken into account. In particular an increased share of devices in higher coverage classes will enforce the BSS to transmit pages for multiple coverage classes at the same time. If the BSS can multiplex these pages in the same paging block, it will improve the paging capacity of the cell.
For example, for the current EC-PCH design, when BSS receives 1 page for a device in CC2 along with 8 pages for devices in CC1, and device mapping to same paging occasions, as per current design the first 8 paging blocks will be used to send the page message to the device in CC2 and one page message to the device in CC1 followed by scheduling of 7 paging blocks for page messages to CC1 devices via extended mode paging.
With the new EC-PCH design proposing to multiplex the page messages by using the EC-PCH single P-TMSI message format, as depicted in Figure 3, it is possible to schedule all the 9 page messages within 8 paging blocks corresponding to the paging blocks for the device in CC2, leaving the next paging blocks to schedule other pages. In this case resources worth of 7 paging blocks are saved versus the current mechanism allowing more frequent scheduling of paging messages. Mapping of CC1 and CC2 paging messages as per this design is shown in Figure 3.
It should be noted that the amount of paging blocks saved will increase for scenarios when CC3/CC4 pages are multiplexed with CC1 paging messages.
page reception via indication in EC-SCH 
As described in [3] usage of the two spare bits in EC-SCH, to indicate presence of pages to CC3 and CC4 devices in the next 4*51-multiframes, will further improve the energy efficient paging operation for devices in these coverage classes, also in the case of the new single P-TMSI message format. 
required SPECIFICation changes
For the above proposed enhancements to the EC-PCH design following changes to 3GPP GERAN specifications 43.064, 45.001, 45.002, 45.003, 45.005 and 44.018 are required:
· Introduction of the new paging message format to carry single P-TMSI. 
· Specification of logical channel to physical channel mapping and channel coding details to support the new paging block structure.
· Blind detection of paging message format by the device, can be left implementation specific and does not require to be specified.
· Addition of requirements for sensitivity and interference performance. 


CONCLUSION
The introduction of a new paging message to carry single P-TMSI along with channel coding parameters for this message is proposed in this contribution to increase the paging capacity of EC-EGPRS. With the new paging message format in combination with the TSC based differentiation of lower and higher coverage classes, it is possible to efficiently multiplex the transmissions of lower and higher coverage class paging records at the same time. 
[bookmark: _GoBack]The sourcing company proposes to include above updates for EC-PCH in 3GPP GERAN specifications for Release 13 and provides the stage 2 CR to TS 43.064 to this meeting [4] based on the above depicted changes to normative work.
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