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On EC-PCH Design and Enhancements

Introduction
The EC-EGPRS system introduces new logical channels to provide extended coverage performance. The extended coverage is achieved using blind physical layer repetitions in all the logical channels. The number of repetitions and repetition patterns are decided based on the Coverage Class of the device with the Coverage Class representing the coverage situation for a range of received signal power levels.
For paging operation, the EC-PCH channel is used with different repetition patterns each one being mapped onto one Coverage Class. However, the current EC-PCH channel organisation for sharing the paging resource across Coverage Classes will result in higher paging blocking for lower (less robust) Coverage Classes and higher decoding failures for higher (more robust) Coverage Classes due to overlapping resource allocation across Coverage Classes. More details on these issues are illustrated in the following sections.
These issues can be resolved with a modified design of EC-PCH as proposed in the present contribution. In addition this new design is expected to considerably increase the paging capacity of the base station and also improve energy efficiency of paging reception at the device.
current EC-PCH channel design
The EC-PCH channel uses the 2 burst block structure for each paging block [1][2]. On EC-CCCH the number of paging blocks available per 51-multiframe is determined based on the BA_PG_BLKS parameter. By default 16 paging blocks are available in each 51-multiframe starting from 19th TDMA frame.
Below is given a brief paging block resource allocation description for the EC-EGPRS system.
• 	The paging blocks across 4*51-multiframes are used as resource pool for the paging purpose. This resource pool repeats every 4*51-multiframes (~940 ms).
• 	The resource is divided into multiple paging occasions depending on the Coverage Classes. Note Coverage Class (CC) in the following refers to the downlink CC.
•	For instance within 4*51-multiframes there will be 16*4=64 paging groups for devices belonging to Coverage Class 1, i.e. denoted hereafter as CC1 users, and for CC2 users 4*4=16 paging groups, whilst for CC3 users there will be 2*4=8 paging occasions and for CC4 users only 2 paging occasions within 4*51-multiframes.
•	This design does not foresee to provide paging blocks allocated for each Coverage Class separately. Instead all Coverage Classes share the paging blocks in an overlapping manner. For e.g. a CC2 user it shares its paging occasion with 4 paging occasions for CC1 users. 
Figure 1 and Table 1 depict the mapping of the EC-PCH onto 51-multiframe(s) for 4 Coverage Classes.
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Figure 1: Mapping of EC-PCH onto 51-multiframe(s) for 4 Coverage Classes. 

Table 1 below describes the EC-PCH logical channel mapping onto paging blocks for the envisaged Coverage Classes.

	Logical Channel 
	Direction
	Allowed TN
	RF chan-nel
	Burst 
type
	Repeat length [TDMA frames]
	CC
	Interleaved block 
TDMA frame mapping

	EC-PCH
	D
	1,3,5,7
	C0
	NB
	51
	1
	B0(19,20),B1(21,22),…,B15(49,50)

	
	
	
	
	
	51
	2
	B0(19,…,26),B1(27,…,34),…,B3(43,…,50)

	
	
	
	
	
	51
	3
	B0(19,…,34), B1(35,…,50)

	
	
	
	
	
	204
	4
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1,2,3


	Table 1: TDMA frame mapping for EC-PCH for the envisaged Coverage Classes.
	The following major issues are seen with the current design: 

•	As there is no dedicated control resource for each Coverage Class, all the Coverage Class users are multiplexed into the same resources. Due to this scheme, when there is e.g. a paging message scheduled for a CC4 user, paging messages for CC1 users whose paging group maps to the paging occasion occupied by the CC4 user will be blocked and need to be scheduled after the transmission of the paging message to the CC4 user. In this case the CC1 user needs to wake up again after the higher Coverage Class user (CC4) is served. This requires that the device has to decode at least two paging blocks in such case. Moreover, this will also collide with users in the actual paging group of CC1. This issue needs to be resolved using extended paging mode operation.
	
· The available paging occasions can be used to schedule a paging message for any CC user. But a particular device always attempts to combine paging blocks as per its CC. In this case, the combining of paging blocks will result in paging decoding failures, if these blocks are addressed to multiple lower Coverage Class users.

· The legacy paging message towards MS can carry two paging records so that two MS’s in the same paging group can be scheduled using a single paging block. For the EC-PCH design, even though this message is supported when there is need to schedule paging records for two devices, if both devices are in another coverage condition, it is not possible to efficiently use this message.

	Limitations of the current solution
In summary following are the three major limitations with the current EC-PCH design:

· Current EC-PCH design leads to blocking of lower Coverage Class users when a higher Coverage Class user is scheduled. 
· Paging decoding failures are expected at the device for higher Coverage Classes. Even though there is no impact of this failure, if this decoding attempt can be avoided in such cases, it will improve overall device energy saving.
· Even though the current paging message supports sending paging records for two devices in the same message it cannot be effectively used with EC-PCH in case the two devices to be paged are across different Coverage Classes.

possible solutions to address the limitations
	Use of different TSC’s on EC-PCH based on Coverage Class of the device
It is possible to resolve the above depicted issue by assigning a specific TSC to each Coverage Class within the paging channel. This solution will provide the following benefits:
· The paging decoding failure for the higher Coverage Class is avoided. Because the device will attempt to decode the paging message only when the assigned TSC on the paging channel for the Coverage Class of the device is detected with sufficient SINR level.
· The device can go to sleep mode without decoding the message if the TSC of its Coverage Class is not detected.

With the above changes the paging reception of the device will be changed as depicted below.
· The device chooses its paging group based on IMSI, eDRX cycle and the Coverage Class.
· The device applies the TSC of its downlink Coverage Class while receiving the paging transmission.
· During paging occasion the device first estimates the SINR calculated based on the channel estimation for the selected TSC from paging blocks of its Coverage Class and if it exceeds a predefined threshold then the device will proceed to further decoding of the paging block, otherwise it will skip the decoding. 

Figure 2 below illustrates the proposed paging scheme and provides an example scenario for paging block scheduling and device reception.
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Figure 2: Proposed paging scheme and an example scenario for paging block scheduling and device reception.

	Multiplexing of paging messages to two devices in different Coverage Classes 	using the VAMOS concept
It is also possible to multiplex paging messages to two devices in different Coverage Classes using the VAMOS concept in downlink to mitigate the issue related to blocking of paging messages of one specific Coverage Class. 

To overcome the reduced coverage performance due to this type of multiplexing, a new EC-Paging message with message size reduced to carry only P-TMSI is proposed to be introduced along with new channel coding and repetition scheme for this reduced message size. This reduction of payload with increased robustness of channel coding is expected to compensate the reduction of coverage gain due to VAMOS multiplexing.

Figure 3 below shows the VAMOS multiplexing scheme for sending paging messages of two different Coverage Classes in EC-CCCH Timeslot (TN1). It is noted that the power imbalance ratio between both subchannels can be selected in the SCPIR range supported by VAMOS. This multiplexing solution hence serves well to either convey IMSI or P-TMSI based paging in the same radio channel to two devices.
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I
Q 


Figure 3: VAMOS multiplexing scheme for sending paging messages to two devices belonging to different Coverage Classes (example: red-CC2 user, green-CC3 user).

The device belonging to CC3 will estimate the channel based on its TSC (green) and decode single paging message from all of the 8 paging blocks it listens to. The device belonging to CC2 will estimate the channel based on its TSC (red) and decode single paging message from all of the 4 paging blocks it listens to. In this way within 8 paging blocks one CC3 user and two CC2 users can be multiplexed. 

It is further noted that link performance of EC-PCH channel with current and reduced paging message size for the VAMOS multiplexing scheme will be provided in the next version of this document.

	Multiplexing of paging messages to users in two Coverage Classes in the same 	paging block using independent encoding
As a further alternative solution to the above depicted issue, a single paging block is considered which conveys two independently encoded paging messages carrying each a single P-TMSI. The channel encoded bits of the two messages can be placed in different bursts of the paging block and the two messages can belong to different Coverage Classes. 
When the paging block is formed by combining two messages for devices belonging to different Coverage Classes, the paging block is repeated as per determined by the higher Coverage Class of both messages.  Across the repetitions the message part of the higher Coverage Class remains the same. On the lower Coverage Class message part, multiple messages of lower Coverage Class users can be sent depending on required repetitions of each of the message to be scheduled.

The device will try to decode both messages separately after combining the paging block across all the repetitions of its Coverage Class. The decoding will succeed for the message which is fully repeated through all repetitions. The decoding will fail for the message which has changed across repetitions.

This solution supports multiplexing of P-TMSI based paging to devices in the same or in different Coverage Classes. 

Figure 4 shows the proposed paging block structure which can carry two independently encoded messages in the same paging block.
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Figure 4: Paging block structure with two independently encoded messages in the same paging block.

This multiplexing option is indicated to the device via training sequence and additional bits close to the TSC which are stolen from the encoded payload and used for indication of the combination of Coverage Classes. Thus the device can decide on whether to decode the paging block or not based on the content of the TSC and those stealing bits. To this purpose a reduced payload size needs to be designed in order to maintain the robustness of the channel coding. 
The content of the new paging message and the multiplexing of devices is shown in the subsections below. Further details of the coding scheme and mapping will be presented in the subsequent version of this document.

New EC-PCH Message contents and channel block structure.
The new EC-PCH message will only contain the page mode, message type and P-TMSI.

< Message Type : bit (6) >
< Page Mode : bit (2) >
< P-TMSI : bit (32) >;		

The new channel block structure to encode this message for accommodating two messages in single paging block is as per table 2 below. 

	Payload bits
	40

	CRC
	10

	Convolution coding
	1/3

	Puncturing
	150 bits  58 bits

	Repetition
	58 bits in two first half of two paging bursts of one paging block



Table 2: Channel encoding scheme for the paging channel for independent encoding of message parts for the non-VAMOS case.

Combining of the multiplexing solutions described in 3.2 and 3.3 yields a new channel encoding scheme when the paging message is sent over the same paging block using the IQ multiplexing method as applied for VAMOS. This is shown in table 3 below.

	Payload bits
	40

	CRC
	10

	Convolution coding
	1/3

	Puncturing
	150 bits  116 bits

	Repetition
	116 bits repeated in two bursts of one paging block.



Table 3: Channel encoding scheme for the paging channel for independent encoding of message parts for the VAMOS case.

This kind of multiplexing scheme can be considered for serving high loads on paging channel.

Extension of multiplexing option with additional indication
When two short paging messages carrying P-TMSI to two devices in different Coverage Classes are multiplexed into the same paging block, each device will require additional indication to know whether its Coverage Class related paging message is included in the paging block or not. This additional indication avoids that the device attempts to decode the paging block if it does not contain a message to its Coverage Class.
This additional indication can be provided through following ways.
· The TSC can be used to indicate the multiplexing option including the case where the paging block carries two messages to devices in the same Coverage Class. For this option 10 TSC’s are needed to cover each of the possible combinations of Coverage Classes.
· 4 TSCs are required to indicate the Coverage Class of the paging block when it carries the paging messages for a single Coverage Class.
· 6 additional TSCs are required to indicate the combination options, i.e. =6.
· Alternatively the required number of TSCs can be reduced if the multiplexing option is indicated via separate signalling through a multiplexing indicator (MUX_IND bit) at physical layer. For the case of using only one TSC, for covering all 10 combinations, this option consequently requires two symbols from each burst, thus reduces the number of symbols available for encoded paging control payload bits. Table 4 below provides an illustration of the mapping of TSC and MUX_IND bit against the CC of the messages carried in the paging block.
	Coverage
Class
	TSC+MUX-IND
	Interpretation

	CC1 
	TSC1 
	Single paging message (CC1)

	CC2 
	TSC2 (MUX-IND=0) 
	Single paging message (CC2)

	
	TSC2 (MUX-IND=1) 
	Two paging messages in the same paging block. 2nd message for CC1 (CC2+CC1)

	CC3 
	CC3-TSC1 
	Single paging message (CC3)

	
	CC3-TSC2 (MUX-IND=0) 
	Two paging messages in the same paging block. 2nd message for CC1 (CC3+CC1)

	
	CC3-TSC2(MUX-IND=1) 
	Two paging messages in the same paging block. 2nd message for CC2 (CC3+CC2)

	CC4 
	CC4-TSC1(MUX-IND=0) 
	Single paging message (CC4)

	
	CC4-TSC1 (MUX-IND=1) 
	Two paging messages in the same paging block. 2nd message for CC1 (CC4+CC1)

	
	CC4-TSC2(MUX-IND=0) 
	Two paging messages in the same paging block. 2nd message for CC2 (CC4+CC2)

	
	CC4-TSC2(MUX-IND=1) 
	Two paging messages in the same paging block. 2nd message for CC3 (CC4+CC3)



	Table 4: Mapping of TSC and MUX_IND bit against the CC of the 	messages carried in the paging block (in this case size of MUX-IND = 	1 bit, consumed TSC-space is 6). 
IMSI Paging with new enhancements
IMSI based paging can continue to use the current channel coding scheme proposed for EC-PCH based on the description in [1]. When IMSI based paging is used the TSC and MUX-IND bits indicate that the paging block carries a single paging message. The device can decode the message as per the channel coding scheme for the normal paging message size.

TSC Design Aspects
Each Coverage Class requires a dedicated TSC as per the new design for the device to determine whether the paging block for its Coverage Class is scheduled based on estimation of its assigned TSC itself. For 4 Coverage Classes this requires minimum 4 different TSC’s with high degree of orthogonality to be used for the EC-PCH.

In addition to the 4 TSC’s for the Coverage Classes, two more TSC’s are needed to indicate the paging block carrying two sub messages of different Coverage Classes, as outlined in section 3.3.2.

The TSC’s to be used for the EC-PCH can be selected either from the legacy TSC set 1, or the VAMOS TSC Set 2 or the TSC Sets 3 and 4 for GMSK as specified within the Rel-12 NewToN feature.

Link Performance Evaluation 
Link level simulation results are shown in Figure 5 for the coverage performance evaluation of the new short paging message design, the message carrying P-TMSI, for the multiplexing solution using VAMOS scheme. This shows additional 3 dB improvement over the target SNR value of Eb/No=-6.3 dB for downlink channels at target BLER=10%.
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Figure 5: Coverage performance for multiplexing two users in the same paging block using VAMOS multiplexing and the new short paging message design.
Simulation results for another coding scheme indicated in section 3.3 for mapping the short paging message to one part of the paging burst will be included in the next version of the document.

Higher layer impacts for network elements and device
When BSS is sending multiple paging messages to devices in different Coverage Classes, it has to use the short paging message formats to allow multiplexing of them as per the proposed design.


extension of concept TO other logical channels
The increase in decoding failures for higher Coverage Class users due to scheduling of lower Coverage Class users in the same control resource is also applicable to EC-AGCH. The proposed mechanism of using different training sequences to identify users of different Coverage Classes will be beneficial for this logical channel, too. 

benefits of ec-pch enhancement
The above described group of solutions comes along with energy efficient paging reception equivalent of having paging indication in other radio technologies such as WCDMA and NB-CIoT. Such enhancement is more beneficial for higher Coverage Class users who otherwise always need to receive and combine paging blocks across 4*51 multiframes to know presence of its paging message.

Compared to the control channel design of other IoT solutions (e.g. NB-CIoT) where a separate resource for each Coverage Class is available to avoid blocking of paging across Coverage Classes, EC-EGPRS does not have a separate resource for each Coverage Class. In such cases the here proposed mechanism to multiplex devices in different Coverage Classes in the same paging occasions helps to improve the paging capacity.

With this new design, it is made possible to include the paging channel decoding failure also as event for DSC. Based on the paging channel decoding failure with this new design the device can determine to move to the next Coverage Class or to perform cell reselection. With this scheme DSC based cell reselection, which in the current design of EC-EGPRS only uses EC-BCCH, can be enhanced to use also EC-PCH and also EC-AGCH failure events.

SUMMARY And PROPOSAL
In this contribution the current design of the EC-PCH was analysed. It uses overlapping resource allocation across Coverage Classes and is expected to yield blocking of paging messages for lower Coverage Class users and also to increase decoding failures for higher Coverage Class users. 
To mitigate these drawbacks a new design is proposed based on different training sequences when sending paging blocks to different Coverage Class users. This mechanism will resolve the issue of paging decoding failure for higher Coverage Class users and also will provide energy efficient paging reception both for lower and higher Coverage Class users.
With this new design it is possible to multiplex paging transmissions for devices belonging to two different Coverage Classes using the VAMOS multiplexing scheme in downlink in the same paging block. In order to overcome the degradation due to split power for both subchannels a new paging message with single P-TMSI employing a more robust channel coding is proposed. This has shown to provide superior coverage performance of 3 dB versus target MCL. 
It is also possible to multiplex the paging messages for two devices of the same or different Coverage Classes using dual encoding of two messages in the same paging block. Performance evaluations are ongoing for this case.
It is noted that the EC-AGCH channel which currently also uses overlapping resource allocation across Coverage Classes can be enhanced as well by using different TSC’s for different Coverage Classes. 
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