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1 Introduction

In the RAN1 #78bis, the study item (SI) on small data transmissions for UMTS was initiated [1]. The TSG RAN WG1 discussed and summarized the fundamental characteristics of the small data transmissions, as well as a reference scenario for performing investigations in the area of coverage improvements. 
In this contribution, the maximum coupling loss (MCL) at which the paging messages can be successfully delivered is investigated using the methodology agreed in RAN1 #78bis [2].  

2 Paging Channels
The Paging Channel (PCH) is a downlink transport channel that is transmitted over the entire cell through the Secondary Common Control Physical Channel (S-CCPCH).

The transmission of the PCH is associated with Paging Indicators (PI), which are transmitted at a fix rate (SF = 256) over the Paging Indicator Channel (PICH). The frame structure of the PICH is depicted in Figure 1.
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Fig. 1. Paging Indicator Channel (PICH) structure.
The radio frame of the PICH has a length of 10 ms, and is composed of 300 bits (288 bits carrying paging indicators, and 12 bits unused). The time relation between the PICH and the S-CCPCH is illustrated in Figure 2. 
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Fig. 2. Time relation between PICH and the S-CCPCH (ƬPICH = 7680 chips or 3 slots).
A PI on the PICH frame means that the paging message is transmitted on the PCH within the S-CCPCH frame starting ƬPICH chips after the transmitted PICH frame. The S-CCPCH can support multiple data rates (SF from 256 down to 4), and its frame structure is depicted in Figure 3. 
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Fig. 3. Secondary Common Control Physical Channel (S-CCPCH) structure.
In the figure above, k determines the total number of bits per slot as a function of the SF = 256/2k, which can go from 256 up to 4. 

3 MCL analysis of the paging channels
The MCL on the PCH was evaluated via a link budget analysis described in Annex A, which was complemented by the assumptions shown in Table 1.

Table 1. Complementary assumptions
	Parameter
	Assumption

	Number of PIs in one PICH frame
	18

	Tx power for the PICH
	-7 dB from P-CPICH

	Tx power for the S-CCPCH
	-0.5 dB from P-CPICH

	S-CCPCH: Transport channel parameter of SRB for PCCH

	TB size
	SF
	Data Rate
	TTI

	
	240 bits
	128
	24 kbps
	10 ms


The values used in Table 1 are considered to be typical values used in real networks, from which it is important to highlight that the power used for the PCH is already fairly high, and therefore to increase it further may result in a significant cost in terms of capacity. 
3.1 Link Level Simulation Results

A set of link level evaluations were performed in order to estimate the misdetection probability of the PICH, the performance of the S-CCPCH, and the overall performance for a paging attempt when the interaction of both physical channels is evaluated.
The performance of the PICH when it is subject to the radio conditions of an AWGN and PA (1 Hz Doppler spread) channels are shown in Figure 4. 
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Fig. 4. PICH detection failure rate vs MCL for a PICH subject to an AWGN and PA channels.
From the above figure it is observed that the PICH can sustain large MCLs, i.e., the misdetection probability of the PI carried on the PICH is low for very large MCLs. The evaluations performed over the AWGN channel show that the detection failure rate prevails below 1.8% even for the largest MCL used in this evaluation. On the other hand, when a PA (1 Hz Doppler spread) channel was used for the evaluations the misdetection probability turned out to be around 11% for a MCL as large as 152.2 dB.

A similar analysis was performed for the S-CCPCH, which is shown in Figure 5. 
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Fig. 5. BLER vs MCL for the S-CCPCH subject to an AWGN and PA channels.
The curve described above shows that for the same set of MCLs values used before, the performance on the S-CCPCH is significantly worse than the PICH. In the case of the evaluations performed over the AWGN channel, the BLER is below 1% for a MCL range between 142-148 dB, but beyond that range the BLER increases significantly fast (e.g., a MCL around 150 dB leads to a BLER ≈ 60%). For the PA channel, the BLER is already high for the lower end of the MCL range, which leads to block error rates between 10% and 50% for MCLs between 142-148 dB. 
Finally, the overall paging channel performance when the relationship of both physical channels is taken into account is shown in Figure 6. By relationship we mean that a paging failure is produced by either missing the PICH, or by correctly detecting the PICH but when there is a block error in the corresponding S-CCPCH frame.
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Fig. 6. Paging attempt error probability vs MCL (PICH & PCH).
The evaluation shown above indicates that the relatively bad performance of the S-CCPCH has a great influence at the moment of successfully delivering a paging message to a UE experiencing a high MCL (e.g., located close to the cell border). The similarities in performance between Figure 5 and 6 (which holds for both of the channel types used in the evaluations) reveal that the coverage limitations are given by the S-CCPCH rather than by the PICH.
3.2 Repetitions 
By modelling the paging attempts as independent events we have computed how much the performance can be improved by performing repetitions of the paging message. The success probability for a paging message as a function of the MCL is depicted in Figure 7 for the PA channel when 1, 2, 3 and 4 paging attempts are performed. 
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Fig. 7. Probability of success of the paging message in 1, 2, 3 and 4 attempts vs MCL.
In Figure 8, the analysis is focused on the gains that can be obtained by performing repetitions for a MCL target resulting in a success rate of 90% in a single paging attempt. 
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Fig. 8. Probability of success of the paging message in 1, 2, 3 and 4 attempts when the MCL is targeted to 90% success rate in 1 attempt.
From the figure above it is possible to observe that for a MCL targeting a success rate of 90% in a single attempt, the success rate can be improved up to 99% by performing two paging attempts, and 99.9% and 99.99% by performing 3 and 4 respectively. The success rate of the paging message for several MCLs after applying repetitions is shown in Table 2. 
Table 2. Repetitions: MCL vs Probability of success with 1, 2, 3 and 4 paging attempts 
	MCL

(AWGN)
	MCL

(PA)
	P(Success in 1 Paging Attempt)
	P(Success in 2 Paging Attempt)
	P(Success in 3 Paging Attempt)
	P(Success in 4 Paging Attempt)

	149
	142.2
	0.9
	0.99
	0.999
	0.9999

	149.3
	144.3
	0.8
	0.96
	0.992
	0.9984

	149.5
	146.2
	0.7
	0.91
	0.973
	0.9919

	149.6
	147
	0.6
	0.84
	0.936
	0.9744

	149.8
	148
	0.5
	0.75
	0.875
	0.9375


From the conducted analysis it can be concluded that performing repetitions could be seen as a method that significantly increases the success rate of the paging message.
4 Conclusions 
In this contribution the coverage limitations for successfully delivering a paging message were studied. Link level simulations performed on the PICH and S-CCPCH PCH revealed that for the same set of MCL values, the S-CCPCH performs poorly compared to the PICH. Subsequently, a joint evaluation confirmed that the coverage limitations of the PCH are strongly influenced by the weakness of the S-CCPCH when it is exposed to high MCL situations, which was confirmed by both an evaluation considering only additive white Gaussian noise, and one taking into account the effects of a time varying channel modelled by a low speed Pedestrian A (1 Hz Doppler spread). Moreover, as part of the investigation it was found that performing repetitions could be seen as a potential method for extending the coverage, since it allows to significantly increase the success rate of the paging message. Assuming a maximum of two repetitions in addition to the initial transmission attempt, the maximum MCL for a PA channel is in the order of 142-144 dB to give paging success rates of 99% or more, while for the same success rates in the case of the AWGN the maximum MCL gets extended up to 149 dB. As a general conclusion, the conducted analysis seems to indicate that the delivery of paging messages is a potential coverage bottleneck, and that a method as simple as performing repetitions can be used for improving significantly the MCL.
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Annex A

According to a reference scenario agreed in RAN1 #78bis (Table B.1, Annex B), assuming a thermal noise density at 290K of -174 dBm/Hz, and a noise figure in downlink of 9 dB, we get a total received thermal noise power [image: image10.png]


 of 

[image: image12.png]N, = —174 + 1010g(3840000) + 9 = —99.2



 [dBm].

Assuming an [image: image14.png]


 of 43 dBm, the maximum coupling loss to ensure a certain received [image: image16.png]


 can be calculated as
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 [dB].
6 Annex B
The relative coverage of all relevant channels for the study on small data transmission enhancements shall be investigated by calculating the MCL for each channel in the reference scenario outlined in the Table B.1 [3].

Table B.1. Reference scenario for MCL
	Parameter
	Assumption

	TBS
	120 bits (HS, EUL)

	UE capability
	Rel-12, supporting any legacy feature improving coverage

	Number of UE antennas
	1 antenna

	Number of Node B antennas
	2 antennas (uncorrelated)

	Maximum UE carrier transmit power
	23 dBm at antenna connector

	Maximum Node B carrier transmit power
	43 dBm at antenna connector

	UE receiver noise figure
	9 dB

	Node B receiver noise figure
	5 dB

	Downlink common channel power settings
	P-CPICH: -10 dB from max carrier power

P-SCH: -12 dB
S-SCH: -13.5 dB
P-CCPCH (BCH): -12 dB

For other channels reasonable power settings can be proposed. 

	DL inter-cell interference
	No inter-cell interference

	Soft/softer handover
	No soft/softer handover

	Downlink OCNS
	OCNS added to fill up DL carrier power

	Uplink rise-over-thermal (RoT) operation point
	10 dB

	Channel model
	Ped A 1 Hz Doppler spread, AWGN static channel

	Carrier frequency
	2.0 GHz

	Frequency error
	20 kHz, 1 kHz optional, in cell search simulations

0 otherwise

	Beta values
	To be provided with evaluation results


� A detailed description can be found in TS 34.108 [2]


� Note that no combining of information between the different paging attempts was performed.
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