Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #80bis
R1-152360
Belgrade, Serbia, 20th – 24th April 2015
Agenda Item:
6.2.1
Source: 
Ericsson

Title:  
Text proposal on coverage enhancements for EUL based on a time-multiplexed E-DPCCH/E-DPDCH operation 
Document for:
Discussion and Decision
1 Introduction

A set of coverage evaluations for several physical channels were presented and discussed in RAN1 #79 [1-8], from which there were identified the PRACH preamble, the PRACH message, the EUL, and the PCH over the S-CCPCH as the ones more limited in coverage with respect to other physical channels that were also evaluated [9]. Then in RAN1 #80 several potential solutions were discussed by the TSG RAN WG for enhancing the coverage of the above mention channels [10-18].
In this contribution we provide a Text Proposal (TP) intended to capture a potential solution for improving the coverage of EUL based on a time-multiplexed E-DPCCH/E-DPDCH operation as described in [19].   

2 Text Proposal
---------------------------------------------------------------- Text start ------------------------------------------------------------------
6.1.3.7.3 Solution 2 to enhance the coverage of the EUL 
Power is a very limited resource that needs to be handled in a good way for coverage limited devices. In [X] it was seen that it is important to distribute the available power in an efficient manner (gain factor optimization). Operating at very low DPCCH Ec/N0 may affect the channel estimation quality resulting in poor demodulation performance. For small E-DPDCH transport block sizes the cost of control channels becomes significant. Also, increasing the number of E-DPDCH transmissions reduces the required power for E-DPDCH further and control channels become the bottleneck in terms of coverage. Consequently, it would be beneficial to focus the available power on one or a few physical channels at the time instead of distributing it over all physical channels. For the example considered in [X], an MCL gain in the order of 2 dB could be achieved by putting the power spent on E-DPCCH on DPCCH and E-DPDCH instead. Hence, one approach for increasing coverage is offered by time-multiplexing E-DPCCH and E-DPDCH.
One possible E-DPDCH and E-DPCCH time-multiplexing design is outlined in Figure X1. The main idea is that for each HARQ process, the E-DPCCH is first transmitted in one subframe, followed by the corresponding E-DPDCH in the next subframe associated with the HARQ process. This operation can be seen as an one at time power allocation scheme, where all power is allocated to the control channels in the first transmission and to data channels (and pilots) in  the next transmission. Allocating all power to control channels implies that the likelihood of successful detection/decoding increases compared to when the power is distributed among control and data. Hence, potential error cases are reduced. Similarly, by allocating all power to data (and pilots) the success-rate increases and the number of retransmissions decreases. With the exception of sending E-DPCCH and E-DPDCH time-multiplexed in two consecutive subframes associated with a HARQ process, which essentially reduces the rate by two, all existing EUL functionality can be kept. For example, the RSN can still be used to make SHO operation more robust.

To reduce the delay introduced by the time-multiplexed operation, each E-DPCCH can be associated with several associated E-DPDCH transmissions. That is, each E-DPCCH transmission is followed by one or more predetermined associated E-DPDCH transmissions. The E-DPCCH structure can be kept, or the information could potentially be re-interpreted. For example, E-TFCIs 1 to 3 correspond three, two or one E-DPDCH transmissions associated with one E-DPCCH, respectively. This way, for example, the HARQ process one could use E-TFCI 1 meaning that each E-DPCCH is associated with one E-DPDCH transmissions, HARQ processes two and three could use E-TFCI 2 meaning that each E-DPCCH is associated with two E-DPDCH transmissions and HARQ process four could use E-TFCI 3 meaning that each E-DPCCH is associated with three E-DPDCH transmissions. The number of E-DPDCH transmissions associated with one E-DPCCH is a trade-off between delay, overhead, robustness and flexibility, and can either be fixed or based on the acknowledgment status.

According to Figure X1, the E-DPDCH transmission is acknowledged (via E-HICH) only once after the very last repetition. One question is whether E-DPCCH transmissions also should be acknowledged, i.e. whether an ACK should be sent if E-DPCCH is detected. This could potentially help identify signalling error cases. In particular, without acknowledgment of the E-DPCCH, it can happen that the Node B does not detect the E-DPCCH which means that all the associated E-DPDCH transmissions would essentially be wasted. By acknowledging the E-DPCCH, the UE would know whether the Node B has detected the E-DPCCH and can therefore decide to “retransmit” the E-DPCCH. Nevertheless, signalling error cases that need to be handled by higher-layers will happen, but this is no different compared to legacy operation. In fact, by allocating all power to either control or data, potential error cases are minimized. 
The time-multiplexed E-DPCCH/E-DPDCH operation can be used without having to ACK the E-DPCCH. It is possible to accomplish a successful transmission even if in first instance the E-DPCCH was miss detected or the number of E-DPDCH transmissions was decoded incorrectly at the Node B (the Node B will continue trying to decode the E-DPCCH in every subsequent TTI), however the impacts of those would need to be considered. If the E-DPCCH is decided to be ACK in order to have a most robust operation, then with the introduction of E-HICH for E-DPCCH, the criterion at the Node B for sending an E-HICH without CRC on E-DPCCH may have to be considered (detecting the E-DPCCH may be one criterion for sending an ACK), as well as the UE’s reception threshold for E-HICH for E-DPCCH.
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Figure X1
Illustration of E-DPCCH and E-DPDCH time-multiplexed operation. In this example HARQ processes one, two, three and four use a bundle length of 1, 2, 2, and 3, respectively. The TTI length is 10 ms.

--------------------------------------------------------------- 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 on the TR for the study on Small Data Transmission Enhancements for UMTS
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