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1.
Introduction
LTE Coverage Enhancements SI has progressed via email discussions over the past months. The agreed scope, evaluation methodology and assumptions were summarized in [1]. The results and conclusions on the coverage evaluations are summarized in [2]. In [2], it is proposed to investigate coverage enhancements for medium data rate and VoIP in UL with first priority. Further studies on coverage enhancements for other channels are also proposed.
In this contribution, we present our views on need coverage enhancements for PUCCH Format 1.
2. Discussion 
In the evaluations, we presented PUCCH Format1 MCL of 147.5 dB and 146.3 dB for false alarm rates of 1% and 0.1%, respectively. We see 0.1% FA rate as more appropriate value, as too high FA rate results in unnecessary waste of PDCCH and PUSCH resources due unnecessary scheduling. The waste of resources can easily be considerable with numerous PUCCH Format 1 resources configured in a cell per subframe. It should be noted that 0.1% FA rate for PRACH means ~0.0016% FA rate per single preamble. From that viewpoint, 0.1% FA rate per single scheduling request resource is a loose requirement.  
We presented 143.5 dB MCL for VoIP, for which further coverage enhancements are investigated. In [3], we identified potential VoIP coverage enhancements that can provide close to 1 dB MCL improvement. This means that MCL difference between VoIP and PUCCH Format 1 can reduce to roughly 2 dB. However, coverage of PUCCH format 1 suffers from larger interference due to CDMA used on PUCCH. This means that PUCCH Format 1 coverage may fall short from enhanced VoIP coverage.

To study the issue further, SINR distributions were simulated for evaluation Case 3. The system was assumed to be fully loaded with frequency reuse of 1/1. Furthermore it was assumed that the same frequency band is used for control signaling in all the surrounding cells. The number of interfering UEs in the neighboring cells was a variable (1-8 UEs). SINR-based PC with full path loss compensation was used. The same SINR target is used for all the UE and the SINR target was optimized for coverage area probability of 98%.  The resulting SINR distributions are presented in Figure 1. It can be seen from the figure that PUCCH Format 1 SINR requirement of -6.9 dB can be met only when 4 UEs per PRB transmit simultaneously. In Figure 2, SINR distribution is shown for 6 UEs per PRB. SINR target was reached for most of UEs while lower SINR was allowed for cell edge UEs, relying on PUCCH Format 1 repetition. It can be seen that single PUCCH Format 1 resource is sufficient for 90% of UEs while remaining 10% of UEs require repetition. Support for PUCCH Format 1 repetition allows that multiplexing is increased 50% from 4 UEs per PRB to 6 UEs per PRB in Case 3. 
It is more efficient to multiplex scheduling request and semi-persistent A/N resources on the same PRBs than reserving dedicated PRBs for both SR and semi-persistent A/N – especially as dedicated SR and A/N resources should be aligned over the neighbouring cells. When dimensioning the resources for semi-persistent PUCCH Format 1/1a, the loading per PRB needs to be such that coverage for each PUCCH format is ensured. This means that loading per PRB – number of resources per PRB actually configured – is based on the weakest PUCCH format. Thus, if the repetition is not supported for PUCCH Format 1, the semi-persistent PUCCH Format 1/1a resources should always be dimensioned based on Format 1 coverage resulting in significant unnecessary PUCCH overhead increment.  
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Figure 1.  PUCCH SINR CDF as function of number of  simultaneus UEs.
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Figure 1.  PUCCH SINR CDF for 6 UEs per PRB.
The most simple coverage enhancement for PUCCH Format 1 is to allow repetition, requiring only a small standardisation effort. It is sufficient to support higher layer enabling for repetition as well as configuration of multiple PUCCH Format 1 resources for single UE. Also a minor change to scheduling request MAC procedure is needed. The benefit is that cell edge UE can successfully transmit scheduling request with less scheduling request attempts than in previous releases. 
Proposal 1: 
Consider further studies on coverage enhancements for PUCCH Format 1 by supporting repetition.
3.  Conclusions
In this contribution, we considered need for PUCCH Format 1 coverage enhancement. We see that the significant imbalance between PUCCH Format 1 and 1a results in unnecessary PUCCH overhead. We also presented a simple potential solution for coverage enhancement.
Proposal 1: 
Consider further studies on coverage enhancements for PUCCH Format 1 by supporting repetition.
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