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1. Introduction

During previous RAN1 meetings there have been discussions regarding the scheme to use to provide spatial diversity for ePDCCH. The four discussed candidates have been Alamouti based SFBC/FSTD and precoder cycling on either RE level, eREG level or PRB pair level. Here we give our view on this topic.  
2. Discussion

In [1] Alamouti based transmit diversity was compared to standard transparent precoder cycling on either PRB pair or eREG level. While the SFBC scheme shows 2 dB better link level performance at high code rates the difference diminishes as the code rate is reduced. While showing less good performance at the extremely high code rate of about 0.8, considering the robustness requirements of a control channel in general, the difference at lower code rates of around 1/3 and below (where no puncturing is done in the rate matching process) is negligible. For a control channel, in contrast to a data channel, robustness instead of throughput is the primary design goal, since the cost of a failed decoding attempt is a missed transmission opportunity in downlink or uplink which obviously is much more severe than the extra control channel overhead as a result of a slightly over-protective code. 

The scenarios when a high code rate may be employed to obtain a highly efficient downlink control channel are when sufficient channel state information is available at the eNB. In such scenarios a more suitable mode is a localized transmission that can draw benefits from scheduling and precoding gain. A specific scenario that was brought up previously as a use case for high code rates together with a transmit diversity technique was a fast moving UE at high SNR. The fast changes in the channel then prevented any gain with precoder feedback. 

However, the possibility to perform link adaptation at all in this case is very limited since the feedback can’t be used in order to track the instantaneous channel conditions and adapting to an average SNR over time is impossible since time diversity through HARQ retransmission is not supported for the control channel. Hence the transmission must anyway be adapted to the worst cases of the fading statistics to obtain sufficient robustness. So, for a control channel requiring a high level of robustness, there is no use case present where the Alamouti based diversity is better than precoder cycling. 

An important issue brought up in [1] of the SFBC/FSTD scheme is the orphan symbol problem that heavily reducing the number of transmission possibilities which then will require a complete redesign of the existing transmit diversity scheme used for PDCCH. This will demand a high specification effort. Based on the above discussion we therefore propose the following:

Proposal: A standard transparent transmit diversity scheme should be adopted for ePDCCH

Since precoder cycling can be made standard transparent on either PRB level or eREG level the latter is to prefer since it provides higher performance in many scenarios even compared to the case when the single AP is boosted for the PRB level scheme. 

Simulation results in Figure 1 shows 0.6dB better performance at 1% BLER with eREG level based precoder cycling compared to PRB level based cycling (with RS boost) for the ETU channel model with two distributed PRB pairs over 10MHz. For a less dispersive channel where the frequency diversity is reduced the difference is even more significant; 1.5dB with the EPA channel model as shown in Figure 2.
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Figure 1 Performance of eREG level precoder cycling compared to PRB level for the ETU channel model
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Figure 2 Performance of eREG level precoder cycling compared to PRB level for the EPA channel model
Furthermore, as discussed in [2] there are several benefits with a support for simultaneous transmission of distributed and localized ePDCCHs within the same PRB pair. For instance three AL=1 ePDCCHs with localized transmission can simultaneously be transmitted in one PRB pair together with parts of a distributed ePDCCH employing transmit diversity through precoder cycling on eREG level by using one of the three localized ePDCCH ports together with an orthogonal precoding vector applied on the fourth. A single distributed transmission would otherwise block multiple PRB pairs for localized transmission heavily reducing control channel efficiency and limiting frequency domain ICIC flexibility. 

If cycling on PRB level together with boosting was used instead, only two localized transmissions per PRB pair would be possible. Also, PRB level cycling relies on a sufficient bandwidth. For example a low cost MTC device that may rely on smaller bandwidths is not be able to benefit from transmit diversity if only one PRB pair is available for the control channel. Hence, we propose:

Proposal: Precoder cycling on eREG level is preferred over PRB level
3. Conclusion
In this paper we have discussed the different options available to obtain spatial diversity for ePDCCH and concluded that for a control channel requiring a high level of robustness, there is no use case present where the Alamouti based diversity is better than standard transparent precoder cycling. Based on the discussion we propose the following:

Proposal: A standard transparent transmit diversity scheme should be adopted for ePDCCH
Proposal: Precoder cycling on eREG level is preferred over PRB level
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