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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 HS-SCCH and HS-PDSCH channels in downlink.

Assumptions
The reference scenario parameters agreed at RAN1#78bis to be used in the coverage evaluations can be found in Annex A. In particular, it is assumed that a TBS of 120 bits is transmitted using one HS-PDSCH code and QPSK modulation.
Further, reasonable power levels for HS-SCCH and HS-PDSCH need to be settled, since no guidance is given on this in the agreed assumptions.
The HS-SCCH can potentially be power controlled so it only uses high power for users in bad radio conditions, however, letting the HS-SCCH consume too much of the overall capacity is probably not acceptable. In our simulations, we have used a HS-SCCH power of -2 dB relative to P-CPICH. Potentially this could be increased a few dB, but not more than that since then the HS-SCCH becomes very expensive and reduces the available HS-PDSCH power as well.
The HS-PDSCH power is of course dependent on the available HS power headroom in the cell, which can vary with load. Simulations have been performed with two different load levels, one where HS-PDSCH power is -1.5 dB from max cell power (low load, 29% non-HS power) and one where HS-PDSCH power is -3 dB from max cell power (high load, 50% non-HS power).
The performance of the HS-SCCH and HS-PDSCH is evaluated independently, i.e. when HS-PDSCH performance is simulated perfect HS-SCCH reception is assumed.
In the simulations the error probability as function of the  has been evaluated. The MCL has then been computed according to the formula in Annex B, i.e. .

Coverage evaluation results – HS-SCCH
Link level simulations have been run according to the simulations assumptions described above to characterize the HS-SCCH success probability. The results for HS-SCCH in Pedestrian A 1 Hz channel and AWGN channel are shown in Figure 1 below.
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     Figure 1. Simulation results for HS-SCCH misdetection in Pedestrian A 1 Hz channel and AWGN.
In typical operation the acceptable error rate on HS-SCCH should be very low, say 1%. However, for extremely coverage limited scenarios and transmission of small data bursts somewhat higher error rate could potentially be accepted, since retransmissions could be done to ensure delivery of the data burst. Assuming an acceptable error rate of 5-10% we get MCLs of 144 dB and 150 dB for Pedestrian A and AWGN channels respectively.
Coverage evaluation results – HS-PDSCH
Link level simulations have been run according to the simulations assumptions described above to characterize the HS-PDSCH transport block BLER.
The results for HS-PDSCH without retransmissions in the Pedestrian A 1 Hz channel (EC/Ior equal to -3 dB and -1.5 dB) and for AWGN channel (EC/Ior equal to -3 dB) are shown in Figure 2 below.
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        Figure 2. Simulation results for HS-PDSCH transport block BLER with no retransmissions,
in Pedestrian A 1 Hz channels (Ec/Ior = -1.5 dB and Ec/Ior = -3 dB) and AWGN (Ec/Ior = -3 dB)
However, it may be more relevant to look at the results with retransmissions. Figure 3 contains the L1 throughput results when up to 4 retransmissions are allowed. Here we limited ourselves to study the HS-PDSCH Ec/Ior of -3 dB.
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Figure 3. Simulation results for HS-PDSCH L1 throughput with retransmissions enabled, 
Pedestrian A 1 Hz and AWGN channels (Ec/Ior = -3 dB)
Relying on retransmissions, delivery of data can be achieved at fairly high MCL, albeit at quite low throughput. However, for coverage limited UEs of “small data transmission type” a low throughput is acceptable in most cases. Allowing the throughput to go as low as 10 kbps, an MCL of 160 dB can be supported for the Pedestrian A 1 Hz channel, and maybe 1-2 dB less for AWGN. These MCLs are clearly larger than for HS-SCCH, indicating that HS-SCCH is the weaker link for HS transmissions.
[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 HS-SCCH and HS-PDSCH performance have been made for the agreed reference scenario to find out the maximum allowed coupling loss the baseline system can tolerate.
The HS-SCCH coverage is dependent on the maximum allowed transmit power. For a rather conservative maximum power setting, the HS-SCCH supports MCLs of 144 dB and 150 dB for Pedestrian A and AWGN channels respectively.
The HS-PDSCH coverage is very dependent on the power headroom available for the HS-PDSCH, but typically rather good coverage can be achieved. For the present study we conclude that MCLs of 160 dB and 158 dB for Pedestrian A and AWGN channels respectively can be supported.
In general, HS-SCCH performance is more limiting than HS-PDSCH performance for large MCLs.
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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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