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1. Introduction

In this document simulation assumptions, test parameters, simulation results, and text proposals for Paging Channel (PCH) performance requirements are presented. This work is related to release 4 work item "RAN Technical Small Enhancements and Improvements". This document is presented to stimulate the discussion to derive final requirements for PCH reception.

2. Basics of PCH and PICH

PCH is a downlink transport channel. The PCH is always transmitted over the entire cell. The transmission of the PCH is associated with the transmission of physical-layer generated Paging Indicators (PI), to support efficient sleep-mode procedures.

Paging Indicator (PI) is a fast low-level signaling entity, which is transmitted without using information blocks sent over transport channel. The Paging Indicator Channel (PICH) is a fixed rate (SF=256) physical channel used to carry the paging indicators. The PICH is always associated with an S-CCPCH to which a PCH transport channel is mapped. If a paging indicator in a certain frame is set to "1", it is an indication that UEs associated with this paging indicator should read the corresponding frame of the associated S-CCPCH. 

S-CCPCH can have 18 different slot formats. The spreading factor range is from 256 down to 4. There may exist many S-CCPCHs transmitted in a cell. There are two types of S-CCPCH: those that include TFCI and those that do not include TFCI. The FACH and PCH can be mapped to the same or to separate S-CCPCH. 

3. Motivation for PCH performance tests

Since PCH is always associated with PI, it is proposed that no separate tests are done for PCH and PI, but rather to have one single test, in which UE capability of receiving a paging message is verified. Based on previous we believe that there is no need to have performance tests for PICH reception since the only thing, which matters from network point of view, is a PCH reception capability. 

In case a network sends a paging message for a UE, it would be most beneficial that the UE would notice the paging message with 100 % probability. Naturally, 100 % probability cannot be guaranteed in all environments, but an operator wants to have this probability to be as high as possible to plan a required power for S-CCPCH and PICH in an optimal manner. 

By having a minimum requirement for a PCH reception, network can have a confidence that UEs can receive pages, while a certain amount of BS power is allocated to S-CCPCH and PICH. On the other hand, tests force UE manufacturers to design the PCH and PICH detection algorithm in a manner which is beneficial to network operator, and not just optimizing the sleeping time by accepting the lower probability of paging reception.

4. Simulation ASSUMPTIONS

The target of PCH performance test is to set limits how well UE notices that it is being paged. For this purpose, a probability of missed paging (Pm-p) is introduced. Pm-p is defined as a conditional probability of missing a paging message, given that a paging message was transmitted for a UE in question. 

We propose as first case to be studied a simple static propagation condition with white Gaussian noise (AWGN) as defined in Annex B.2.1 in TS 25.101. This propagation condition has one tap with constant amplitude. Geometry parameter is proposed to be –1 dB as is the case with other tests in static propagation conditions.

Still it could also be possible to consider simulations in fading channel (Case 3 as specified in TS 25.101). This needs some more work to conclude whether it is possible to have a final test measurement in fading channel or not. Geometry parameter is proposed to be –3 dB for this simulation. 

Tables 1 and 2 show physical and transport channel parameters for S-CCPCH.

Table 1: Physical channel parameters for S-CCPCH.

	Parameter
	Unit
	Level

	Channel bit rate
	kbps
	60

	Channel symbol rate 
	ksps
	30

	Slot Format #i
	-
	4

	TFCI
	-
	OFF

	Power offsets of TFCI and Pilot fields relative to data field
	dB
	0


Table 2: Transport channel parameters for S-CCPCH

	Parameter
	PCH 

	Transport Channel Number 
	1 

	Transport Block Size
	240

	Transport Block Set Size
	240 

	Transmission Time Interval
	10 ms

	Type of Error Protection
	Convolution Coding

	Coding Rate
	1/2

	Rate Matching attribute
	256

	Size of CRC
	16

	Position of TrCH in radio frame
	fixed


Our proposal is to simulate Pm-p for different downlink physical channel configurations that can be found in Table 1.

Table 3: Downlink Physical Channels transmitted during tests/simulations.

	Physical Channel
	Power
	Note

	P-CPICH
	P-CPICH_Ec/Ior = -10 dB
	As specified in Table C.3 of TS 25.101

	P-CCPCH
	P-CCPCH_Ec/Ior = -12 dB
	As specified in Table C.3 of TS 25.101

	SCH
	SCH/Ior = - 12
	As specified in Table C.3 of TS 25.101

	{S-CCPCH, PICH}


	{S-CCPCH/Ior [dB], PICH_Ec/Ior [dB]} = 

{-16.0, -18.0}, {-16.5, -20.0}, 

{-17.0, -22.0}, {-17.5, -24.0}, 

{-18.0, -26.0}
	In static test case: 

5 different combinations.

	
	{S-CCPCH/Ior [dB], PICH_Ec/Ior [dB] } = 

{-12.0, -12.0}, {-13.0, -16.0}, 

{-14.0, -20.0}, {-15.0, -24.0}
	In multipath fading test (Case 3): 

4 different combinations

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one.
	


There are 4 possible values for the number of paging indicators per frame (Np): 18, 36, 72 and 144. The value 144 represents the case where paging indicator consists of two bits. If Np is 72, then those two bits are repeated once, and thus paging indicator consists of four bits. The lower the value Np is, the more bits are repeated. We propose that Np= 72 is used in simulations. This value is not a maximum value, but having a test with this value verifies that UE is able to utilize the repeated bits. 

All other parameters, which were not mentioned here but are relevant for PCH simulations, should have the value as for the other performance tests in TS 25.101. As an example, such parameters are channel estimation (ideal) and samples per chip (1). 

5. simulation results

5.1. 
Paging procedure

In the idle mode, the UE listens to the PICH. When the UE detects that Pq=1 would have been sent in PICH, it reads the PCH transport block which lies in the S-CCPCH frame that starts after 
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 chips from the end of the PICH frame. Figure 1 shows the possible outcomes of the paging procedure. 
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Figure 1. A decision tree illustrating the possible outcomes of the paging procedure. The dashed lines show the paths that can have been taken when missed paging happens.

The value of interest with respect to the simulations is the probability of missed paging (Pm-p). It is defined as follows. Given that Pq=1 is sent, i.e., the mobile is requested to read the PCH, the Pm-p is the probability that either PICH is detected erroneously or PICH is detected correctly but the corresponding PCH transport block is detected erroneously. More formally,
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where “w” denotes a wrong detection and “r” denotes a right detection. Note that the event when Pq=0 is sent but the UE erroneously detects a paging indicator and thus unnecessarily reads the corresponding PCH frame, is not considered as a missed paging.

5.2. 
Static Propagation Conditions

Simulations were run using assumptions listed in Section 4 of this document. For each physical channel configuration 200000 transport blocks were simulated for PCH and 200000 paging indicators were used. In Table 4, the summary of simulation results for PCH and PICH channels is presented:

Table 4.  Simulation results for PCH and PICH, static channel.
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 [dB]
	BLER in PCH
	BER of Paging indicators
	Pm-p

	-16.0
	-18.0
	5.850E-04
	2.500E-04
	8.350E-04

	-16.5
	-20.0
	1.665E-03
	3.665E-03
	5.330E-03

	-17.0
	-22.0
	5.025E-03
	1.716E-02
	2.211E-02

	-17.5
	-24.0
	1.462E-02
	4.928E-02
	6.315E-02

	-18.0
	-26.0
	3.987E-02
	1.003E-01
	1.360E-01


The graphs from simulations are depicted in Figures 2, 3 and 4 for the PCH, PICH, paging procedure, respectively.
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Figure 2: BLER in PCH as a function of transmitted power in S-CCPCH in the static channel case.
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Figure 3. BER of paging indicators as a function of transmitted power in PICH in the static channel case.
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Figure 4. Pm-p as a function of transmitted power in PICH in the static channel case. The corresponding powers in S-CCPCH are the same as in Table 4 and Figure 2.

Results are presented without implementation margin, which should be taken into account when final requirements are derived from simulation results. 

5.3.
Multipath Fading Propagation Conditions (Case 3)

Again simulations were run using assumptions listed in Section 4 of this document. For each physical channel configuration 200000 transport blocks were simulated for PCH and 200000 paging indicators were used. In Table 5, the summary of simulation results for PCH and PICH channels is presented:

Table 5.  Simulation results for PCH and PICH, multipath fading channel.
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   [dB]
	BLER in PCH
	BER of Paging indicators
	Pm-p

	-12.0
	-12.0
	2.030E-03
	6.400E-04
	2.670E-03

	-13.0
	-16.0
	1.238E-02
	7.760E-03
	2.004E-02

	-14.0
	-20.0
	6.219E-02
	4.727E-02
	1.064E-01

	-15.0
	-24.0
	2.183E-01
	1.398E-01
	3.279E-01


The graphs from simulations are depicted in Figures 5, 6 and 7 for the PCH, PICH, paging procedure respectively.
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Figure 5: BLER in PCH as a function of transmitted power in S-CCPCH in the multipath fading channel case.
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Figure 6. BER of paging indicators as a function of transmitted power in the multipath fading channel case.
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Figure 7. Pm-p as a function of transmitted power in PICH power in the multipath fading channel case. The corresponding powers in S-CCPCH are the same as in Table 5 and Figure 5.

Results are presented without implementation margin, which should be taken into account when final requirements are derived from simulation results. 

6. Proposed text changes 

The purpose of this section is to provide a starting point for defining the performance requirements to be included into TS 25.101 release 4. Our proposal is that the subclause 8.2.1 in TS 25.101 is to be rewritten and a new Annex describing the S-CCPCH parameters is to be added. 

-----------Proposed text for Section 8.2.1 in TS 25.101 -------------

8.2.1
Demodulation of Paging Channel (PCH)

The receiver characteristics of paging channel are determined by the probability of missed paging message (Pm-p). PCH is mapped into the S-CCPCH and it is associated with the transmission of Paging Indicators (PI) to support efficient sleep-mode procedures.  

8.2.2
Minimum requirement

For the parameters specified in Table NEW.1 the average probability of missed paging (Pm-p) shall be below the specified value in Table NEW.2. Power of downlink channels other than S-CCPCH and PICH are as defined in Table C.3 of Annex C. S-CCPCH structure is as defined in Annex A.3.5.

Table NEW.1: Parameters for PCH detection

	Parameter
	Unit
	Test 1
	Test 2

	Number of paging indicators per frame (Np)
	-
	72

	Phase reference
	-
	P-CPICH
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	-1
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	Propagation condition
	
	Static
	[Case 3]


Table NEW.2: Test requirements for PCH detection

	Test Number
	S-CCPCH_Ec/Ior 
	PICH_Ec/Ior
	Pm-p

	1
	[TBD]
	[TBD]
	[0.01]

	2
	[TBD]
	[TBD]
	[0.01]


----------------------------- Proposed new Annex A.3.5 -----------

The parameters for the PCH demodulation tests are specified in Table A.19 and Table A.20. 

Table A.19: Physical channel parameters for S-CCPCH.

	Parameter
	Unit
	Level

	Channel bit rate
	kbps
	60

	Channel symbol rate 
	ksps
	30

	Slot Format #i
	-
	4

	TFCI
	-
	OFF

	Power offsets of TFCI and Pilot fields relative to data field
	dB
	0


Table A.20: Transport channel parameters for S-CCPCH

	Parameter
	PCH 

	Transport Channel Number 
	1 

	Transport Block Size
	240

	Transport Block Set Size
	240 

	Transmission Time Interval
	10  ms

	Type of Error Protection
	Convolution Coding

	Coding Rate
	1/2

	Rate Matching attribute
	256

	Size of CRC
	16

	Position of TrCH in radio frame
	fixed


7. Conclusions

In this document simulation assumptions, test parameters and simulations are described for PCH detection. Text proposals for PCH performance tests are presented to be included into release 4.
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