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Introduction
At RAN#65, a 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 considered is 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 MCL results for the Enhanced Uplink (EUL).
Link evaluation results
This section provides link level simulations that will be used to determine typical MCL values associated with EUL. The link level simulation parameters used for the coverage evaluations can be found in Annex A. In particular, a TBS size of 120 bits using a 10 ms TTI with βed=19/15 and βec=9/15, inner-loop power control turned off, and ideal E-DPCCH detection have been assumed.
Figure 1 shows E-DPDCH residual BLER as a function of Ec/N0 for different numbers of transmission attempts and for Pedestrian A (1 Hz Doppler spread) and AWGN. From a link level perspective a number of observations and reflections can be made from the figure:
· A key question is what is an acceptable residual BLER operating point for the services under consideration? A reasonable assumption would be that an E-DPDCH residual BLER of up to 1% is acceptable. This would mean that 1% of the transmitted packets would require RNC retransmission, which should be acceptable for delay tolerant applications and moreover not impact the overall system capacity too much.
· Given the limited output power from a UE, retransmissions or repetitions are powerful means to increase EUL coverage. Each new transmission increases the received power and gives a potential diversity gain. The main cost for this is increased latency and potentially an impact on higher-layers, for example re-tuning of timers. Nevertheless, repetitions or retransmissions seem to be the main approach for increasing the coverage in the uplink and merit further studies. Assuming an E-DPDCH BLER of 1%, it follows that 2, 4 and 8 transmissions require an average received Ec/N0 (in dB) of roughly –19.5, -22.5, and -25, respectively, for PA 1 Hz Doppler spread. The corresponding results for AWGN are -22.5 dB, -25 dB, and -29.5 dB. Clearly, since inner-loop power control is turned off, there is a quite significant loss from fading. Also, the PA 1 Hz channel has a very long Coherence time (in the order of 400 ms) resulting in very little time diversity from retransmissions. Hence, PA 1 Hz Doppler spread can be seen as a worst case channel model for evaluating coverage.
· Another aspect to consider is whether a beta-value optimization could improve coverage. To maximize E-DPDCH coverage, it is important to put as much power as possible on E-DPDCH, but at the same time DPCCH needs enough power for adequate channel estimation. A related question is the impact of the E-DPCCH quality. The results in Figure 1 assume an ideal E-DPCCH detector. A natural next step is to investigate how the results would change assuming a realistic E-DPCCH detector with optimized beta-values.
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[bookmark: _Ref402292683]Figure 1	E-DPDCH residual BLER as a function of Ec/N0. Results are shown for AWGN and PA 1 Hz Doppler spread.

Coverage evaluation results
The link level results presented in the previous section will now be converted into MCL numbers. The MCL has been computed according to the formula in Annex B, i.e. .
As discussed in the previous section there are a few key assumptions that will affect the MCL, most notably the number of transmissions and the BLER operating point. Another key parameter is the maximum allowed RoT. This parameter should be kept low to maximize coverage, but at the same time needs to be large enough to sustain high load and sufficient data rates. For the MCL calculations presented here, a RoT of 10 dB has been assumed.
MCL based on link simulation discussed in the previous section for different setups are presented in Figure 2. In all cases, the E-DPDCH residual BLER is 1 % and ideal E-DPCCH detection is assumed.
As can be seen, to achieve an MCL of more than 140 dB in PA 1 Hz at least 8 transmission attempts are needed. For AWGN, the results improve by roughly 5 dB compared to PA 1 Hz. For example, at 8 transmission attempts in AGWN, the MCL becomes around 146 dB. Two reflections follow next:
· Relying on many transmission attempts for 10 ms TTI, might have an impact on higher-layers due to the long total transmission time.
· An MCL in the order of 140-145 dB is relatively low, and it is very likely that enhancements to EUL coverage need to be considered.
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[bookmark: _Ref402358541]Figure 2	MCL values for EUL.

[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 EUL have been performed for the agreed reference scenario to find out the maximum allowed coupling loss the baseline system can tolerated.
It is clear that the results depend on a number of assumptions on network configuration and scenario. A realistic value of the MCL for EUL is around 141 dB and 146 dB for PA 1 Hz and AWGN, respectively, and it seems likely that EUL constitutes a coverage bottleneck in today’s networks and therefore is an area that needs to be further studied.
A final observation is that EUL in CELL_FACH is the same as EUL in CELL_DCH except that soft-handover is not supported. Hence, the coverage evaluations presented here apply both for EUL in CELL_FACH and EUL in CELL_DCH.
References
RP-141711, “New SID: Study on Small Data Transmission Enhancements for UMTS”, Ericsson, Huawei, HiSilicon, Telefonica S.A., China Unicom, Nokia Networks


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 Table 1 below.
Table 1: Reference scenario parameters.
	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



In addition, the parameters shown in Table 2 have been used in the link evaluations.
Table 2	Additional EUL link simulation parameters.
	Parameter
	Assumption

	Max number of E-DPDCH transmissions
	1, 2, 4, 8

	Inner-loop power control
	Off

	βed
	19/15

	βec
	9/15

	Channel estimation
	Realistic with time-averaging determined from Doppler spread

	E-DPCCH detection
	Ideal





Annex B
According to the simulation assumptions the assumed noise figure in uplink is 5 dB, and a RoT of 10 dB is to be assumed. Assuming a thermal noise density at 290K of -174 dBm/Hz we get a total received thermal noise power  of 
 [dBm].
Given the assumed maximum UE transmission power of 23 dBm, the maximum coupling loss to ensure a certain received  per antenna can be calculated as
 [dB].
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