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1 Introduction

At RAN#65, a study on ‘Small Data Transmission (SDT) 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, and during RAN1#79 a comprehensive evaluation of the Maximum Coupling Loss (MCL) for different physical channels was performed [2-9]. EUL was identified as one of the main bottleneck areas where improvements will be required.
In this contribution we provide a Text Proposal (TP) that is intended to capture the investigations and findings related to the coverage evaluations presented in [10].   

2 Text Proposal
---------------------------------------------------------------- Text start ------------------------------------------------------------------
6.1.3.X
Enhanced uplink coverage enhancements

6.1.3.X.X Analysis on the power cost for the EUL physical channels
This section presents an evaluation for how costly the different EUL physical channels are in terms of power for a typical SDT coverage limited scenario. This gives some insight into what can be done in order to enhance the coverage.

In particular, a TBS size of 120 bits using a 10 ms TTI with varying Aed (βed) and Aec (βec), maximum of 8 transmissions (7 retransmissions), inner-loop power control turned off, and realistic E-DPCCH detection have been assumed (the detailed link level simulation assumptions can be found in [X]). Figure X shows the required Ec/N0 for 1% residual E-DPDCH BLER for different values of the E-DPCCH and E-DPDCH gain factors. For a fixed Aec, the required Ec/N0 decreases with increased Aed until the ‘optimal’ Aed value is reached and thereafter the required Ec/N0 starts to increase with increasing Aed, resulting in a bowl shaped curve. One observation is that the bottom of the bowl is relatively flat, indicating that the exact power setting is rather insensitive. Nevertheless, the results still show that it is very important to distribute the available power in a good way (optimize the gain value setting) in order to maximize coverage. The optimal gain factor setting for this example is Aed=21/15 and Aec=19/15 resulting in a minimum required Ec/N0 of roughly -23.75 dB, which translates into an MCL of ~140 dB.

A more detailed look at the optimal gain setting from these results can be found in Table X. It can be seen that the power cost of the different channels is rather balanced, i.e. the power consumption for the different channels are of the same order. This also means that E-DPCCH constitutes a rather significant part of the total power. In this example, an MCL gain of roughly 2 dB can be achieved by putting the E-DPCCH power on DPCCH and E-DPDCH instead. Furthermore, using additional retransmissions (e.g. 16 transmissions instead of 8) would lower the E-DPDCH and potentially DPCCH power further and make the E-DPCCH even more costly.
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Figure X
Required Ec/N0 for 1% residual E-DPDCH BLER as a function of Aed for various Aec.

Table X
Summary of the cost in terms of power for different channels.

	Required Ec/N0
	Aed
	Aec
	DPCCH power
	E-DPCCH power
	E-DPDCH power
	Gain by removing E-DPCCH

	-23.75 dB
	21/15
	19/15
	-30.34 dB
	-28.29 dB
	-27.42 dB
	1.88 dB


An evaluation on how costly the HS-DPCCH is in terms of power for a typical SDT coverage limited scenario is presented next. Since HS-DPCCH uses 2 ms TTI, it is likely that HS-DPCCH requires more power than E-DPCCH employing 10 ms TTI.

Figure Y shows the probability of missed ACKs as a function of Ec/N0 for PA 1 Hz with the ACK/NACK repetition factor set to 1 or 4 (The link level simulation parameters used can be found in [x]). Here DPCCH and HS-DPCCH are transmitted simultaneously and Ahs=1. It can be seen that the cost of the HS-DPCCH is in this case roughly -21 dB and -26 dB when the repetition factor is set to 1 and 4, respectively. Hence, in comparison with the EUL results found in Section 6.1.2.X, it seems that an ACK/NACK repetition factor larger than 4 is needed to make the cost of HS-DPCCH as low as the other UL physical channels. Current specifications allow a maximum ACK/NACK repetition factor of 4, so changes would be required to operate with even larger repetition factors. Also, using a very large repetition factor would negatively impact the system in different ways, for example, imposing scheduling restrictions. A final note is that the CQI performance needs to be ensured as well, which can be affected in similar ways as it happens with the ACK/NACK performance, e.g. CQI repetition and feedback cycle factors.
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Figure Y. Probability of missed HS-DPCCH ACK detection as a function of Ec/N0 for PA 1 Hz using repetition factor 1 and 4.
The results presented in this investigation indicate that all uplink physical channels are costly in terms of power and it would be beneficial to focus the power on as few channels as possible at the same time. Hence, removing information or transmitting in a time-multiplexed fashion would be advantageous. 
--------------------------------------------------------------- Text end ------------------------------------------------------------------
3 Proposal
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal: Agree on the text proposal presented in this document and capture its content in the TR for the study on Small Data Transmission Enhancements for UMTS
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