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1
Introduction

During the RAN1#80 and RAN2#89 meetings, there were a number of contributions aiming at analysing coverage limitations in the UL direction and, more importantly, solutions that could improve UL coverage. One of the solutions to gain more on the UL coverage was to gate the E-DPCCH channel. 

In this discussion paper we present our analysis on three E-DPCCH-less approaches. More or less all three of them are the options when the E-DPCCH channel is completely removed in case of small data transmissions.

2
General considerations 

For the sake of technical completeness, it is worth noting that the E-DPCCH channel carries information, such as E-TFCI index, happy bit, and the RSN (Retransmission Sequence Number). Hence, we present a brief explanation of those fields to explain further how the UL E-DPDCH channel could work without E-DPCCH.

Even though the E-TFCI field carries an index identifying the UL transport block size, it becomes somewhat redundant for UL coverage limited scenario, where a UE will anyway resort to using the smallest transport block size. Such an observation was already made in [2]. Based on the assumption how the E-DCH operation is run nowadays the Node B could deduce the E-TFCI from the SG. So there is no need to send it in the E-DPCCH. Also in [3] it was proposed to reduce or even fix to one value the number of transport block sizes. In other words, one could understand the E-DPCCH-less transmission as a solution where the fixed (smallest) transport block size is always used.  If a UE has enough UL power to use larger transport block sizes, then there is no strong need to avoid having E-DPCCH.

Following the same line of considerations, the happy bit could be also absent. Firstly, Node B can always perform scheduling based on received UL buffer status in the SI message. Secondly, and more important, the serving grant would remain almost constant for a UE in harsh radio conditions as a result almost completely diminishing a value of the happy bit. This idea was proposed in [2] and [3] followed by similar considerations as well.

The Retransmission Sequence Number is used for multiple different purposes. Firstly, it serves as a new data indicator, which is especially relevant in SHO when one Node B acknowledges the packet as correctly received, while the other one is still requesting for retransmissions, but can be used to detect missed-ACK errors. Secondly, it is used as a retransmission sequence counter to determine the redundancy version of the incremental redundancy HARQ scheme. Since the E-DPCCH-less transmission caters for serving a UE in harsh radio conditions where most likely one link would be present (in addition, a UE in CELL_FACH has by definition only one link), the RSN is not needed at least from the viewpoint of SHO. Furthermore, for low data rates incremental redundancy is not providing any benefit over Chase combining again making the RSN field somewhat irrelevant. Similar in [2] and [3] it was proposed to remove RSN as the redundancy version can be deduced due to synchronous and non-adaptive HARQ procedure used in uplink. 

Based on the present considerations above, the following sub-flavours of the E-DPCCH-less transmission could be envisioned:

1. Full E-DPCCH-less scheme. In this scheme the E-DPCCH channel is completely absent meaning that a UE and Node B know and use a fixed TB size (or a set of them). The only challenging part is how to differentiate between a new transmission and re-transmission. This could be accomplished based on ACK/NACKs and pre-signalled number of maximum re-transmission attempts. There is of course always a chance that Node B sends an ACK to a UE assuming a new data transmission, whereas a UE interprets it as NACK thus re-sending the same data.

2. Partial E-DPCCH-less scheme. In this scheme, E-DPCCH would be present only for the first transmission thus somewhat solving a potential mismatch in the solution 1) above. For the subsequent re-transmission E-DPCCH would be absent at all. One could further consider a sub-variant of this scheme where E-DPCCH and E-DPDCH are not sent at the same time but rather time-multiplexed to ensure that a UE has enough power for both channels.

3. DPCCH scheme. One could construe this option as a compromised variant between 1) and 2). E-DPCCH is absent as a channel; nevertheless, a new transmission indication is sent through the DPCCH channel e.g. TFCI bits can be used in such case. 
It seems that among the companies there is an agreement that E-DPCCH-less solution may bring benefits for small data transmission in harsh radio environment [2, 3]. There are multiple schemes to be revised and investigated i.e. putting the power spent on E-DPCCH on DPCCH and E-DPDCH instead [4], reduce the power of E-DPCCH, reduce the content of the E-DPCCH channel or make E-DPCCH completely muted. Taking into consideration massive SDT UEs the impact of any E-DPCCH less solution will have potentially great impact on uplink capacity. 

3
Conclusions

One of the identified bottleneck channels in SDT environment are EUL channels i.e. E-DPCCH and E-DPDCH. During the last RAN1#80 meeting we started to investigate potential solution on how to improve the performance of those channels. By this contribution we are providing three schemes for E-DPCCH less idea which can be further investigated. In our opinion muting the E-DPCCH is a possible solution which may bring a lot of benefits in massive SDT UEs environment. Further investigation on reliability of each scheme is foreseen as each of the potential solutions brings different challenges. Nevertheless, based on the investigation done so far by the group, it seem that partial E-DPCCH-less scheme is something each company sees as potential candidate to solve EUL issue in Small Data Transmission environment. 
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