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EC-PCH Design with Single Burst Message

Introduction
At GERAN#69, the new short paging message which can be mapped to single burst was proposed in [1]. This new paging message will carry only a single P-TMSI. With this new message format it is possible to multiplex more than one CC1 P-TMSI and higher coverage class P-TMSI in the same paging block. Use of this format will improve the BTS system capacity as well as the BTS power saving. With this format the paging reception at the EC-GSM device can also be further optimised.
In this contribution key design aspects of the new EC-PCH Message format are summarised. Also the use of this format for multiplexing lower and upper coverage classes in various scenarios is considered in this document.
This document is an update of the contribution to GERAN Telco#7 on CIoT_EC_GSM with changes marked in blue.
solution description
Message contents 
The message contents of the new paging message are given below.
< EC-Paging-Type-2 content >::=
	< DL-CC: bit (2) >
   < Page-Extension: bit (4) >
	< Paging Identifier: bit (32) >

Channel coding
The channel coding scheme for new paging message is provided in Table 1.
	Parameter
	Value

	Payload
	38

	CRC
	18

	Channel coding
	Rate: 1/3

	Puncturing scheme
	Puncturing pattern for 52 bits

	Burst mapping
	Mapped to either first or second burst of (2 burst) EC-PCH block.


Table 1: Channel coding scheme for single burst format.

2.3 Physical layer transmission parameters 
The physical layer transmission parameters for different coverage classes is listed in Table 2.
	Coverage Class
	Blind Physical Layer Transmissions
	Mapping

	CC1
	1
	Mapped to first burst of (2 burst) EC-PCH block of CC1 and using TSC-LC.

	CC2
	8
	Mapped to second burst of (2 burst) EC-PCH block of CC2 and using TSC-HC.

	CC3
	16
	Mapped to second burst of (2 burst) EC-PCH block of CC3 and using TSC-HC.

	CC4
	32
	Mapped to second burst of (2 burst) EC-PCH block of CC4 and using TSC-HC.


Table 2: Physical layer transmission parameters for all coverage classes for single burst paging message format.

2.4 Multiplexing options 
EC-PCH page transmission for multiplexing CC1 and higher coverage class page messages using the new paging message format is realised as described below.
· If only one page needs to be sent for CC1 device, EC-Paging-Type-2 message is used with the encoded bits being mapped to first burst of the two-burst EC-PCH block corresponding to the paging group of the MS.
· If multiple CC1 pages need to be scheduled along with higher coverage class MS mapping to same two–burst EC-PCH paging blocks, EC-Paging-Type-2 message carrying CC1 MS will be mapped to first burst of the EC-PCH block and EC-paging-Type-2 message carrying higher CC device is mapped to second burst of the EC-PCH paging block and repeats across multiple EC-PCH blocks as per coverage class of the MS. If further CC1 or higher CC pages are pending to be sent, the page extension bit map is set for coverage classes of pending MS.
· If only one page for an MS in higher coverage class (CC2 to CC4) needs to be scheduled, EC-Paging-Type-2 message is sent on the second burst of the two-burst EC-PCH block. In this case the first burst of the EC-PCH block will carry the EC-Paging-Type-2 message with dummy bits. The BTS thus may apply the BCCH carrier power reduction operation for transmitting this burst with dummy bits and TSC_LC reducing the overall BTS power consumption for the case that a higher coverage class page is scheduled without any pages to be scheduled for any MS in the lower coverage class CC1.
· If only one page for an MS in the lower coverage class (CC1) needs to be scheduled in the two-burst EC-PCH block, the first burst is transmitted with TSC-LC using the single burst format. The second burst is transmitted with dummy bits and TSC_HC and optionally with reduced power as in the previous case.
· If no page needs to be transmitted and neither an EC-AGCH block, a two-burst dummy control block using TSC-LC in both bursts is transmitted with optional BCCH carrier power reduction. 
· In EC-GSM-IoT only deployments, no transmission of bursts including dummy bits is expected. 
The EC-Paging message with the two burst format will be used only in the following conditions:
· When two P-TMSI pages for MS in CC1 or two P-TMSI pages for any combination of MS in higher coverage classes (CC2, CC3 and CC4) are to be sent.
· When IMSI paging is required for any coverage class, the EC-Paging message with the two burst format is used.
2.5 Network control aspects
If the BSS has more CC1 pages to be scheduled when it also has two higher coverage class pages to be sent, it can choose to send one higher coverage class page and multiple lower coverage class pages in the higher CC block and send the remaining higher coverage class pages through extended paging.
Usage of the new paging message EC-Paging-Type-2 may be indicated via EC-System Information to assist the MS operation. Based on this indication the MS is enabled to select the appropriate burst format detection mechanism for EC-CCCH receiver processing.
2.6 MS implementation aspects
MS reception of EC-Paging-Type-2 message for different coverage classes and multiplexing options will follow the below listed steps.
· MS in CC1 checks the TSC correlation energy for TSC-LC in the first burst and TSC-HC in the second burst.
· If TSC-LC is detected in the first burst, i.e. the correlation is higher than the predefined threshold, and TSC-HC is detected in the second burst, i.e. the correlation is higher than the predefined threshold, the MS concludes that single burst format for EC-PCH is used and decodes each of the bursts using the corresponding TSC.
· If TSC-LC is detected in both bursts, MS concludes that the two burst format for EC-PCH for CC1 is used and decodes the paging block using TSC-LC.
· If TSC-HC is detected in both bursts, MS concludes that the two burst format for EC-PCH using TSC-HC is transmitted and decodes using TSC-HC.
Above steps only requires correlation check on the TSC part in each of the received bursts before proceeding with further receiver processing and decoding.
· MS of higher coverage class will realise the lower coverage class detection as depicted below. This is similar to the lower coverage class detection proposed for the two burst format with some modifications.
· Comparison of correlation energy for TSC-LC and TSC-HC will be done on each of the bursts (i.e. first burst position and second burst position, respectively) separately after IQ combining of earlier transmissions at different checkpoints.
· If TSC-LC is detected in the first burst and TSC-HC is detected in the second burst, MS proceeds with further reception on the second burst position only and decodes using TSC-HC.
· If TSC-LC is detected in both bursts, MS stops further listening to remaining blocks of coverage class.
· If TSC-HC is detected in both bursts, the TSC detection continues at both burst positions at further checkpoints.

PERFORMANCE EVALUATION
Link level performance
The simulation parameters used for deriving the link level performance are indicated in the Table 3.
	Parameter 
	Value

	Channel
	TU1.2noFH  

	Frequency band
	900 MHz

	Number of bursts
	10000

	Simulation
	BLER performance of different CC configurations at SNR corresponding to CC threshold point [2] 

	Coherent Transmission
	No

	Downlink Receiver
	Receiver uses random phase correction using Estimator 2 as specified in [2].


Table 3: Simulation Assumptions.
The link level performance of EC-Paging-Type-2 message for the single burst format evaluated at or close to the coverage class threshold points proposed in [2] is depicted in the Table 4.  
	Coverage Class
	CC1
	CC2
	CC3
	CC4

	SNR
	9.1 dB
	0.2 dB
	-3.2 dB
	-6.3 dB

	BLER 
	8%
	9.8%
	5.4%
	5.7%


                
Table 4: Link performance for single burst paging message for CC1 to CC4.
The comparative BLER value of the single burst format against the two burst format is presented in Table 5.
	Coverage Class
	CC1
	CC2
	CC3
	CC4

	SNR
	9.1 dB
	0.2 dB
	-3.2 dB
	-6.3 dB

	comparative BLER 
	-2%
	-2%
	-1%
	-1%


Table 5: Link performance difference (single burst format versus 2-burst format)
As per Table 5 the single burst format performance is slightly better than the two burst format at coverage class threshold levels.

BTS and MS Energy Savings
If the EC-GSM devices are using longer eDRX cycles of e.g. length 52 or 26 minutes, there will be sufficient paging groups for MS within this eDRX duration. In this case paging groups of different MS are expected to be equally distributed across all these occasions, thus reducing chances that the same paging group is shared by 2 MS at the same time. Due to this nature, most of the time there will be need to send only one page in each paging group. In such cases only one of the bursts will carry the EC-Paging-Type-2 message using the single burst format whereas the other burst will carry the dummy control block with reduced power. This scheme will improve the BTS power saving for EC-CCCH transmission.
The MS’s in higher coverage classes process each of the bursts separately for detection of TSC-LC. If TSC-LC is detected in the first burst position, the MS will stop reception of first burst in further paging blocks. When e.g. a CC4 page is multiplexed with a CC1 page using the single burst format, the MS in CC4 will detect TSC-LC in the first burst within average 10.8 bursts as described in [3]. In the second burst position all 32 bursts will be received and decoded. Overall MS in CC4 is expected to receive only 32+10.8 =42.8 bursts with the single burst format whereas it has to receive 64 bursts when CC4 MS is paged using the two burst format.
Observation 1: Use of the single burst format has advantages in regard to BTS and MS energy saving:
· For BTS, energy saving is achieved through transmission of dummy control blocks in ‘unused’ bursts of EC-CCCH block with reduced power. 
· For MS, energy efficiency of page reception for MS in higher coverage class is improved when such MSs are scheduled using the single burst format. On average additional 21.2 bursts receptions are saved with single burst transmission for pages to MS in CC4.
Observation 2: In EC-GSM-IoT only deployments, no transmission is expected in the unused bursts. In such deployments even a higher extent of BTS energy saving is achieved with the single burst format.
Improved System capacity with short paging message
The paging load at the base station depends on the traffic model for network command towards EC-GSM-IoT devices. As per [4], maximum 20% of the total devices are expected to receive a network command. Assuming 52 517 devices per cell with the traffic model as per [4] for the distribution of reporting intervals across 24h, 12h, 1h and 0.5h, the expected average network command load towards single cell is estimated as 1.4 pages/second.
For simple impact analysis, the paging load from the first page towards the base station is considered here. Assuming the base station is configured to have 32 neighbours, the first page needs to be sent in all 32 cells, and hence the average paging load is estimated as 44 pages/second.
The coverage class distribution of incoming pages uses the distribution in Table 6, being similar to evaluated ones for tighter BCCH reuse in Table 12 of [5]. 
	Coverage class
	Penetration of devices

	CC1
	95.5%

	CC2
	2.5%

	CC3
	1%

	CC4
	1%


Table 6: Assumed coverage class distribution of incoming pages.
Further assumptions for the analysis are
· All the MS’s to be scheduled are configured with eDRX cycle more than 13 minutes so that if page cannot be scheduled on its paging group or on its extended paging group the BSS will need to drop the page (due to too long required buffering). 
· EC-PCH scheduler is receiving and scheduling pages for every 4*51- multiframe, which is almost 1 second duration.
· The received pages are equally distributed across the paging groups in every 4*51-multiframe for each coverage class.
· Whenever a page to a MS in higher CC needs to be scheduled it should be given preference over the page to a MS in the lower CC. This is required because when a page to a MS in the lower CC is scheduled in these paging groups, the page to a MS in higher CC cannot be scheduled and also the higher CC MS cannot read the page extension.
Analysis
The analysis of the paging load with the 2-burst EC-PCH format and the single burst EC-PCH format is as follows.
As per above coverage class distribution, the base station receives in average 42 CC1 pages, 1 CC2 and 1 CC3/CC4 pages for every 4*51-multiframe duration. 
On every 4*51-multiframe at least one CC2 and one CC3/CC4 needs to be scheduled. 
Assuming equal distribution of CC1 pages across all 64 paging groups of 4*51-multiframe, out of 42 pages 1/8 of them will in average be covered by one CC2 and minimum ¼ will be covered by CC3/CC4 page. 
Assuming only one of the pages in these regions can be sent with the 2-burst format:
Expected number of CC1 pages that will be shifted for extended paging = (1/8*42-1) + (1/4*42-1)) = 13 (approximately).
Hence 13 pages which are marked for extended paging will be distributed equally across 4 4*51-multiframe, leading to 4 extended pages in the subsequent 4*51-multiframe period. These 4 extended pages to MS in CC1 can be scheduled along with pages to MS in higher coverage class CC2 or CC3. But if there is need to page for CC4 device in the extended page-frames, it will cover 2 extended pages of CC1, but only one of them can be sent along with the CC4 page. Thus one CC1 page drop is expected if there is need to schedule CC4 MS in the 4*51-multiframe period.
Observation 1: Based on the simplified traffic model and the coverage class distribution which assumes minimum higher coverage class users, there is a chance for dropping of CC1 extended pages when there is need to schedule a page to a device in CC4 and extended pages to devices in CC1 at the same time.
It is noted that the above analysis does not consider the additional load at the base station where the page retransmissions occurs on whole RA level, this will lead to a much higher number of pages than assumed. In such scenarios, more page drops for CC1 are expected.
The coverage class distribution assumed in the above analysis is meant for a cell without interference conditions. However if the cell experiences interference, the MS is expected to increase its coverage class to overcome this situation. This will lead to a higher share of devices in higher coverage classes than assumed in the basic analysis. With increased share of devices requiring higher coverage class pages, its impact to CC1 normal and extended paging also increases. This will result in further increased page drops in these conditions.
Observation 2: Increased page drops are expected for pages to devices in CC1 with paging triggered at routing area level for page retransmissions. Also for interference limited scenario, coverage class distribution will lead to a higher share of devices residing in a higher CC. This also will increase the chances of page drops with the two burst format.
With the single burst EC-PCH format in the above analysis, it is possible to schedule 42 pages to devices in CC1 and each of the pages to a device in the higher CC in the nominal paging group itself without need for extended paging, thus there is no chance for page drops due to presence of pages to devices in higher coverage class. The base station is capable of scheduling up to 64 pages to devices in CC1 along with pages to devices in higher CC without the need for extended paging. Hence with this format a higher paging load can be handled which may occur due to paging at routing area level or due to increased higher CC distribution in interference limited scenarios.
Observation 3: For the given traffic profile with single burst EC-PCH format, all the pages can be scheduled without need for extended paging and thus no page drop for the lower CC is expected.  Use of this format will also minimize the page drop for the lower CC in scenarios of higher paging load due to paging on RA level or in interference limited scenarios.
Simulation Results
Two burst EC-PCH format
The simulation models an EC-PCH scheduler with paging records received as per the arrival rate derived from the above traffic model for a mix of MS in coverage class CC1 and CC4, where devices in CC4 have 1% and devices in CC1 99% penetration. The number of pages received for each second is determined using the Poisson distribution for the mean arrival rate and restricted paging to the number of neighbour cells (Ncells) as mentioned in Table 7.
The scheduler maps the paging record to the 51-multiframe and paging block as per the IMSI of the paging record, whereby the IMSI of the paging record is randomly generated. If the selected paging group collides with a CC4 paging occasion, the CC1 page is marked for extended paging. For extended paging the 51-multiframe and paging group is selected as per IMSI using second largest DRX cycle (3.8 seconds). If the extended page of a device in CC1 also collides with a page of a device in CC4, the page of a device in CC1 is considered as dropped.
The simulation was carried out for eDRX cycle of 52, 26 and 13 minutes for all mobiles. The number of dropped page messages is observed for the duration of 10*largest-DRX-cycle length (10*52 minutes).
For different arrival rates of pages to devices in CC1 and in CC4, the percentage of dropped pages due to failed extended page caused by collision with a device in CC4 when using the two burst paging format for EC-PCH is provided in Table 7 below.
	Arrival rate of page to device in CC1
[pages/second]
	Arrival rate of page to device in CC4
[pages/second]
	Estimated page drop percentage for CC1 due to collision of extended page with CC4

	42 (1st page in 32 Ncells)
	0.4
	2.8 %

	21 (1st page in 16 Ncells)
	0.2
	0.9 %

	10 (1st page in 8 Ncells)
	0.1
	0.3%


Table 7: Dropped paging messages for different paging load scenarios for two-burst EC-PCH block format.
From the above simulations, it is observed that when the two burst format is used, there are still page drops for lower coverage class devices even after extended paging, because the extended paging occasion can also collide with the CC4 paging group and if more pages to CC1 devices need to be mapped to the CC4 paging group, then these will be all dropped except one.
Similar number of page drops are observed for all investigated eDRX configurations.
It should be noted that the simulation model only generates CC1 and CC4 pages to verify the collision impact. With CC2 and CC3 pages also included in the simulations, more page drops are expected than the above.
In addition a simulation was carried out for the arrival rate corresponding to the scenario of paging in 16 neighbour cells and with variable CC4 percentage. Table 8 below captures the page drop percentage. 

	CC4 Percentage
	Estimated page drop percentage for CC1 due to collision of extended page with CC4

	1 %
	1.0 %

	2 %
	3.4 %

	5 %
	15.5 %


Table 8: Dropped paging messages for scenario of paging in 16 cells for two burst EC-PCH block format.
It is observed that the page drop % for CC1 increases over-proportional when CC4 percentage increases. Based on the above observations, for considered paging loads due to EC-GSM-IoT devices as per traffic model for network-command and sending the 1st page to 16 neighbour-cells, the use of the two burst EC-PCH format is deemed to result in a similar figure like 3.4% page drops due to failed extended paging caused collision of extended paging with higher coverage class pages. (including CC2 and CC3). This is also since the simulation only considered scheduling of pages to devices in CC1 and CC4 to check the collision impact of CC4 and if paging to CC3 and CC2 devices are also taken into account, a higher amount of collisions than 1.0 % is expected as observed for 1% penetration of devices in CC4.
Single burst EC-PCH format
If the single burst format for EC-PCH is used instead of the two burst format, the need for extended paging can be avoided for the above arrival rate due to the possibility of multiplexing of pages to CC4 and CC1 devices.
Observation 4: As per system simulations using the paging arrival rate as per traffic model with random IMSI assigned for each of the page, with two burst format a drop rate between 1% and 15% is observed for pages to devices in CC1 due to collision with CC4 paging groups. The page drop rate increases over-proportional along the increase of penetration of devices in the higher coverage classes.
CONCLUSION
As per the above discussion points following observations can be concluded.
· The link level performance of single burst format for EC-PCH is similar to the one of the two burst format for EC-PCH. Hence no impact to coverage performance of EC-PCH is expected with the single burst format.
· BTS Power saving is possible with the single burst format with transmission of dummy paging block(s) with reduced power in one of the bursts (first burst position or second burst position) when only one P-TMSI of any coverage class needs to be paged.
· As the single burst format only uses half of the bursts compared to the two burst format, energy consumption at MS for EC-PCH reception also can be improved compared to the two burst format.
· [bookmark: _GoBack]With the two burst format only one CC1 page can be send along with higher coverage class pages, so a page drop for CC1 is expected whenever CC1 paging groups and its extended paging occasions are colliding with higher CC paging groups. This was verified by analysis and by a system simulation with the observation that 1% to 15% page drop rate for CC1 is expected depending on higher coverage class penetration in the system. This can be avoided by using the single burst format for EC-PCH which allows multiplexing of more than one page to a CC1 device along the page to a device in higher coverage class pages in the same paging block (i.e. up to 8/16/64 pages to CC1 devices along a page to a CC2/CC3/CC4 device).
· A candidate MS implementation for the burst format detection is also presented. MS in CC1 or in higher CC detects the burst format using TSC based correlation over the IQ samples. The complexity and additional processing required at MS for this option is expected to be minimum. 
· For assisting MS operation it is proposed that the BSS may enable the use of the single burst format for EC-PCH for multiplexing paging records using EC-SI.
referenceS
[1] 	GP-160107,” EC-PCH Enhancements for EC-EGPRS: single P-TMSI based paging”, Nokia Networks, 3GPP GERAN#69
[2] 	GP-160030, “Alignment of Coverage Classes for EC-EGPRS”, Ericsson, 3GPP GERAN#69

[3]	“EC-PCH Enhancements for EC-GSM-IoT”, Nokia Networks, GERAN Telco#5 on CIoT_EC_GSM

[4]	3GPP TR 45.820 v13.1.0, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”

[5]	GP-160041, “Impact on EC-CCCH in a reduced BCCH spectrum allocation”, Ericsson, 3GPP GERAN#69	
	EC-PCH Design with Single Burst Message                                              
	3GPP TSG GERAN #70                                                                                              
	10 / 10



