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1
Introduction

During RAN1#80bis meeting a few different schemes for reducing/eliminating the E-DPCCH overhead were presented. All the presented schemes were considered as a potential improvement for UL coverage. In [1] we have presented three schemes that might be useful in a matter of resolving EUL channels coverage issues. 
Couple of solutions to improve EUL channels coverage were present so far. Already in the TR we have listed two solutions for signalling optimization i.e. control information field is reduced and conveyed by DPCCH without E-DPCCH transmission and E-DPCCH-less solution described in [2]. 

Another approach consider so far is E-DPCCH and E-DPDCH time multiplexing described in [3, 4, 5].
In this contribution we would like to elaborate more on one of the proposed schemes i.e. reduced E-DPCCH solution. It was presented already during the RAN1 #80bis meeting and now we have provided it in more details and corresponding TP.
2
Reduced E-DPCCH solution
In order to clarify why reduced E-DPCCH scheme is seems to be a reliable solution it is worth to mention what is the role of E-DPCCH channel and what modification can be done because of SDT environment specifics. 
The E-DPCCH carries three different types of information:

-
E-TFCI - 7 bits on related rate information. E-TFCI field carries an index identifying the UL transport block size. In considered UL coverage limited scenario it seems redundant as a UE will anyway use the smallest TBS. Moreover base on the assumtppion how the E-DCH operation is run nowadays the NodeB could deduce the E-TFCI from the Serving Grant i.e. there is no need to send E-TFCI in the E-DPCCH. If a UE has enough UL power to use larger transport block sizes, then there is no strong need to avoid having E-DPCCH. 
-
Retransmission Sequence Number (RSN) - 2 bits of retransmission information to indicate whether the packet is new (RSN=0) or a retransmission of a previous transmission attempt and is used as a retransmission sequence counter to determine the redundancy version of the incremental redundancy HARQ scheme. Taking into consideration SDT environment specifics where most likely we will be dealing with only one link present, the RSN seems to be not essential at least from SHO point of view. Additionally for low data rates incremental redundancy is not providing any benefit over chase combining and by that RSN field may not have any function, and it reduces to Chase combining with code rates ≤ 1/3. 
-
Happy Bit - 1 bit of information on whether the device could increase data rate or not. Similarly as in case of sending E-TFCI a Happy Bit could be also absent. In a harsh radio conditions the serving grant would remain constant due to the UE being in power limited situation, and by that practically diminishing a value of the Happy Bit used to request a higher data rate. 
Reduced E-DPCCH is another scheme which might be adopted for signalling optimization. In this scheme, E-DPCCH would be present only for the first transmission. For the subsequent re-transmission E-DPCCH would be absent. The E-DPCCH and the initial E-DPDCH transmission can be in mutual code-multiplex or time-multiplex, the latter arrangement allowing the UE allocate maximal power for both channels in turn, besides the basic allocation to the DPCCH, which is transmitted in parallel always. 

Based on the above analyses, our proposal is to reduce the E-DPCCH information into a one bit New Data Indicator (NDI) only, which is then repetition coded to 10 bit word length for the legacy E-DPCCH channel coding. Reducing the information content of the E-DPCCH, more of the available power can be allocated to E-DPDCH, and in subsequent retransmissions the E-DPCCH would not eat the power budget at all. If any of the aforementioned fields which carry E-TFCI, RSN or Happy Bit will be justified to be used in SDT environment then it may be applied as well in the following scheme, but subsequently translating to a larger power share needed for the E-DPCCH. 
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Figure 1
Reduced E-DPCCH – E-DPCCH transmitted only with the first transmission attempt. E-DPCCH content could be reduced to New Data Indication only 
Another sub-variant of the aforementioned scheme is presented below on Figure 2. In this scheme E-DPCCH and E-DPDCH are not sent at the same time but are time-multiplexed to ensure that a UE has enough power for both channels. It was pointed out several times a need to assure proper a proper decoding performance of E-DPDCH. Time- multiplexed scheme seems to fit into this requirement very well as it was also pointed out by other companies [3, 4, 5]. 
Notably, in the power limited situation, if the E-DPDCH is first power-scaled down to zero before any power scaling is applied to E-DPCCH, then the scheme in figure 1 will look like the scheme of Figure 2 when needing to scale the E-DPDCH down to zero when transmitted simultaneously with E-DPCCH. Hence the scheme in figure 1 may be more opportunistic when coupled with unequal power scaling protecting E-DPCCH at the cost of E-DPDCH.
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Figure 2 Reduced E-DPCCH – E-DPCCH transmitted one HARQ RTT before the first transmission attempt, while E-DPDCH is DTXed. E-DPCCH content could be reduced to New Data Indication only

3
Conclusions

One of the identified bottleneck channels in SDT environment are EUL channels i.e. E-DPCCH and E-DPDCH. We have investigated couple of potential solutions so far. Reduced E-DPCCH solution was already discussed as one of the schemes for E-DPCCH-less solution. In order to avoid any misunderstanding with the names and corresponding schemes we have presented this scheme as reduced E-DPCCH solution. Need for further investigation on the reliability of the 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.
Proposal: Agree on proposed solution to be inserted as one of the potential solution for signalling optimization. Corresponding TP is in [6].
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