3GPP TSG RAN WG6 #8                                                                        R6-180069
Busan, Korea, 21 – 25 May, 2018                                             Agenda item 5.3.1
Source: Nokia, Nokia Shanghai Bell

	
Performance Evaluation for EC-PICH Channel
introduction 
At RAN#79 the WID in [1] was approved which specifies the introduction of a paging indication channel to reduce energy consumption of the EC-GSM-IoT device in idle mode. This document describes the link level performance of EC-PICH channel as described in the companion paper [2].

Design of WAKE-UP SIGNAL (WUS) / GO TO SLEEP (GTS) Signals
In the following, the burst format used for EC-PICH is shown.

Wake-up signal (WUS): 
Indicates the presence of paging in a set of EC-PCH blocks. Table 1 depicts the burst format. 

	Tail Bits (3) 
	As in existing Normal Burst

	WUS Sequence (142)*
	[0,1,0,0,0,1,0,0,0,1,1,1,0,1,0,1,1,1,0,1,1,0,1,0,0,0,0,0,1,0,0,0,0,1,0,1,1,
0,0,0,1,0,0,0,1,1,1,0,1,0,1,1,1,0,1,1,0,1,1,1,1,0,1,1,1,1,0,0,0,1,0,0,1,0,1
,1,1,0,1,1,1,1,0,0,0,1,1,1,0,1,1,0,1,0,0,0,0,0,1,0,0,0,0,1,0,1,1,0,0,0,1,0,
0,0,1,1,1,0,1,0,1,1,1,0,1,1,0,1,0,0,0,0,0,1,0,0,0,0,1,0,1,0]

	Tail Bits (3) 
	As in existing Normal Burst

	Guard Bits (8)
	As in existing Normal Burst


Table 1: Burst format design for WUS.

Go-to-sleep signal (GTS):
Indicates that no page is present in a set of EC-PCH blocks. Table 2 depicts the burst format.

	Tail Bits (3) 
	As in existing Normal Burst

	GTS Sequence (142)*
	[0,0,1,0,0,0,0,1,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,1,0,1,0,1,1,1,0,1,1,1,0,0
,0,1,0,0,0,0,1,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,0,1,0,0,0,1,0,1,1,1,0,0,1,1,
1,1,1,1,0,0,1,0,1,0,0,1,0,0,1,1,1,0,1,0,0,1,0,1,0,1,1,1,0,1,1,1,0,0,0,1,
0,0,0,0,1,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,1,0,1,0,1,1,1,0,1,1,1,0,0,0]

	Tail Bits (3) 
	As in existing Normal Burst

	Guard Bits (8)
	As in existing Normal Burst


Table 2: Burst format design for GTS.
*middle 26 bits in both WUS and GTS Sequence are maintained to be equal to Normal Burst TSC.
TS 7 in Table 5.2.3a of TS 45.002 is used for WUS.
TS 7 in Table 5.2.3b of TS 45.002 is used for GTS.


Note: The sequences will be further investigated for performance optimization until RAN6#9 in terms of improved cross correlation properties. 

SIMULATION ASSUMPTIONS 
Table 3 depicts the simulation environment.

	Environment
	TU 1.2 nFH (900 MHz)

	Downlink higher coverage classes
	CC4, CC3

	RxLev (dBm)
	-120.5 (for CC4) / -117 (for CC3)

	Number of blocks
	10000


Table 3: Simulation environment.
Note: Simulation assumptions remain the same as was in TR 45.820 [3].
Note: SNR is chosen as per Table 1aa in 45.005 (for EC-CCCH).
For CC4, two bursts in two TDMA frames (as mentioned in the companion paper [2]) per 4*51 MF are transmitted with either WUS/GTS. This is considered as one block. This means, if the paging message for CC4 is intended, WUS is transmitted in these two TDMA frames on TN1.

For CC3, one burst in one TDMA frame (as mentioned in the companion paper [2]) is used for a paging group (there can be 4 paging groups within 4*51 MF).
For the simulation, at the receiver, the correlation is performed against WUS/GTS sequence and accordingly decision is taken if it is WUS / GTS.

Since, missed detection of WUS should be avoided because missed detection of WUS will lead to missing the paging message, more weightage is given for WUS (to limit the missed detection here to 1%).

Note: This is one method and there could be other methods to detect WUS / GTS.
Thus, the following performance requirements for WUS / GTS reception are proposed in Table 4.
	Tx Signal
	Proposed Requirement for False Detection
	Remark

	WUS
	1%
	acceptable missed paging detection rate

	GTS
	10%
	acceptable missed go-to-sleep detection rate (i.e. page reception without matching page


Table 4: Proposed Performance Requirements for WUS and GTS. 
This yields following working assumption: 
WA1: The acceptable missed paging detection rate is 1% and the acceptable rate for page reception without matching page is 10%.


PERFORMANCE RESULTS
The initial performance results are shown in Tables 5 and 6 as follows.

For CC4:

	Tx Signal
	Proposed Requirement for False Detection
	Simulation Result for False Detection

	WUS
	1%
	1%

	GTS
	10%
	8%


Table 5: Simulated performance for CC4.
For CC3:

	Tx Signal
	Proposed Requirement for False Detection
	Simulation Result for False Detection

	WUS
	1%
	1%

	GTS
	10%
	6%


Table 6: Simulated performance for CC3.

Two observations are made:
Observation 1: 2 bursts are sufficient in 4*51 MF for detecting WUS / GTS intended for CC4 users.

Observation 2: 1 burst is sufficient for detecting WUS / GTS intended for CC3 users. This means if 4 bursts are allocated in 4*51 MF for WUS / GTS for CC3 users, 4 groups can be formed which can be used to improve the power efficiency.

CONCLUSION 
In this paper, initial performance results of EC-PICH are given. Initial results suggest that the performance of the investigated sequences is good which can help in better battery savings for the EC-GSM IoT devices. Further performance optimization of the sequences will be investigated.
The sourcing companies propose to agree working assumption WA1.
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