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Introduction
In the RAN Meeting #65, Study on Small Data Transmission Enhancements for UMTS was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. One aspect to be studied is the coverage of small data transmissions. It was agreed at RAN1#78bis that maximum coupling loss (MCL) evaluations were to be made for all relevant channels using a set of agreed reference scenario parameters, with the purpose of finding the bottleneck channels for which improvements should be considered. 
In this contribution we provide results for the system information acquisition, i.e. the performance of the BCH channel.

Assumptions
The reference scenario parameters agreed at RAN1#78bis to be used in the coverage evaluations can be found in Annex A.
In addition to these common assumptions, we need to define what BLER level that is acceptable on the BCH carried on P-CCPCH and/or S-CCPCH. This requires a bit of discussion, since it depends on the size of the system information message and number of repetitions of the system information blocks.
In the following we assume that one system information (SI) message is divided into M segments (transport blocks). Each segment is repeated according to the repetition period for the SI message. We will then study the SI message detection probability  after N repetitions, where we assume that the UE accumulates correctly received segments until the full SI message is received. Assuming independent error probabilities (equal to the BCH BLER) for each particular segment between repetitions we get a relation between  and the BLER:

	

Hence, the required BLER depends on the target SI message detection probability, the number of repetitions and the message size (number of segments). Further, the possibility of relying on repetitions of segments depends on how often the segments are updated. In general one can assume that the value tag changes rather infrequently, i.e. the SIB contents are not changed so relying on repetitions is ok. However, certain SIBs are updated frequently. In particular, SIB3 can be assumed to change, say, every 10 sec if Access Class Barring is configured. This sets a strict upper limit on the allowed time to accumulate SIB3 segments and hence also the maximum repetition one can rely on.
Let’s consider three different use cases where the UE reads SI:
1) Reading of SIB3, 2 segments, 640 ms repetition period. A requirement could be to acquire this SIB within 5 sec with 95% probability. If the SIB contents (value tag) are updated just before all segments have been collected (just short of 5 sec), then the SIB can be acquired within the next 5 sec, resulting in acquisition of the SIB3 contents within a maximum time of 10 sec with high probability.
The 5 sec acquisition time allows for approximately 8 times repetition, leading to a target BLER of

2) Reading the full SI (multiple SIBs), 64 segments, 1280 ms repetition period. A requirement could be to acquire this SIB within 10 sec with 95% probability. The 10 sec acquisition time allows for approximately 8 times repetition, leading to a target BLER of

3) Reading the full SI (multiple SIBs), 16 segments, 320 ms repetition period. A requirement could be to acquire this SIB within 10 sec with 95% probability. The 10 sec acquisition time allows for approximately 32 times repetition, leading to a target BLER of

Case 1 is probably a rather relevant use case, while a realistic SIB scheduling mechanism for the bulk of the SI would fall somewhere between cases 2 and 3. Hence, typically one does not need to aim as low as 41% BLER, but should not go above 63% BLER either. Based on this, as a simplification, we have in the following assumed a target BCH BLER of 50%. With similar reasoning, if we allow for only half the acquisition time or double the acquisition time we end up with BLER of around 30% and 70% respectively, see Table 1 below.
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Table 1	Relation between  and BLER for different acquisition times
Coverage evaluation results
Link level simulations have been run according to the simulations assumptions in Annex A to characterize the BLER as function of the . The MCL has then been computed according to the formula in Annex B, i.e. .
The simulation results for BCH are shown in Figure 1 below.
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Figure 1	Simulation results for BCH in AWGN and Pedestrian A 1 Hz channels.
As can be seen, assuming a target BCH BLER of 50%, the MCL the system can tolerate for the BCH channel in Pedestrian A with 1 Hz Doppler is 150.4 dB. For a BLER of 70% the value becomes 152.8 dB and for 30% BLER we get 148.0 dB. For an AWGN channel the MCL is in the 152-153 dB range.

[bookmark: _In-sequence_SDU_delivery]Conclusion
It has been agreed to study Small Data Transmission Enhancements for UMTS as part of 3GPP Release 13. One key area to be investigated in the study is the coverage aspects of small data transmissions. 
Simulations of system information acquisition using BCH have been performed for the agreed reference scenario to find out the maximum allowed coupling loss the baseline system can tolerate.
It is clear that the results will depend heavily on the time allowed to accumulate all the SIB segments in the system information being read. In the analysis provided the aim was to ensure SI reading in less than 10 sec, which translated into a target BCH BLER of approximately 50%. Using this number, the MCL the system can tolerate for acquisition of system information on BCH in the agreed reference scenario is around 150 dB for Pedestrian A 1 Hz channel. Aiming at 5 sec reading time results in an MCL of 148 dB instead, while a 20 sec reading time results in a MCL of 153 dB. Considering an AWGN channel instead yields an MCL of 152-153 dB.
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Annex A
At RAN1#78bis, the following was agreed:

Relative coverage of all relevant channels shall be investigated, by calculating the maximum coupling loss for each channel in the reference scenario outlined in the table below.

	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





Annex B
According to the simulation assumptions the assumed noise figure in downlink is 9 dB. Assuming a thermal noise density at 290K of -174 dBm/Hz we get a total received thermal noise power  of 
 [dBm].
Given the assumed transmitted  of 43 dBm, the maximum coupling loss to ensure a certain received  can be calculated as
 [dB].
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2 640 8 5120 0.95 0.63

64 1280 8 10240 0.95 0.41

16 320 32 10240 0.95 0.84

2 640 4 2560 0.95 0.40

64 1280 4 5120 0.95 0.17

16 320 16 5120 0.95 0.70

2 640 16 10240 0.95 0.79

64 1280 16 20480 0.95 0.64

16 320 64 20480 0.95 0.91


