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1 Introduction

Random beamforming (RBF) was agreed as the ePDCCH transmission diversity scheme where the precoding weights are implementation-dependent. One aspect that remains FFS is the resource granularity for the same precoding; currently, possible values range from one RE to one PRB pair.  

There are two aspects to be resolved. The first is whether RBF is inter-PRB pair or intra-PRB pair. In case of intra-PRB pair RBF, the second aspect is whether the granularity is one RE or a group of REs such as an eREG. 

This contribution reviews the above two aspects in terms of performance, specification and implementation complexity, and system design characteristics. 

2 DMRS-Based RBF
Performance is usually the determining factor in the overall design of a control channel provided that complexity aspects are reasonable. This is even more important for distributed ePDCCHs which not only suffer from significantly worse BLER than PDCCHs due to reduced frequency/interference diversity and worse channel estimation but also due to the use of RBF instead of SFBC. For the most likely eCCE aggregation levels (ALs) of 1 eCCE and 2 eCCEs (assuming that an eCCE for a distributed ePDCCH has the same size of 36 REs as the CCE) and for an eCCE fully distributed over all PRB pairs assigned for ePDCCH transmissions in a subframe, the additional loss from RBF compared to SFBC is about 3 dB and 1 dB, respectively [1], in case of 4 PRB pairs (considered as a minimum possible allocation for obtaining frequency diversity gains). This is very substantial and will further add to the losses from reduced frequency/interference diversity and worse channel estimation to the point that the spectral efficiency of distributed ePDCCH can be at least 2 times worse than the PDCCH one [2]. This is clearly unacceptable. Although the losses from reduced frequency/interference diversity and from worse channel estimation can be contained to less than 1 dB with a proper design [2], the loss from TxD for the most likely eCCE ALs cannot be re-captured and it is important that it is minimized by the RBF operation itself. 
Figure 1 shows the BLER of distributed ePDCCH for per-RE RBF and for per-PRB RBF for various eCCE ALs. 
[image: image1.png]BLER

10

10

10°

3

Per-PRB pair RBF vs. per-RE RBF. 10 MHz, ETU, 3 Kmph, DCI Format 2C, Actual CE

T T T
—#— per-PRB Pair, AL1
—#— per-RE, AL1

—E— per-PRB Pair, AL2|]

—&— per-RE, AL2

—%— per-PRB Pair, AL4 ||

—¥— per-RE, AL4
—8— per-PRB Pair, AL8
—&— per-RE, AL8

10 -8 ) 4 2 0 2 4

SINR (dB)





Figure 1: Distributed ePDCCH BLER for RE-based RBF and PRB-based RBF for various eCCE ALs.
A highly frequency selective channel (ETU) is considered in Figure 1 in order to obtain a lower bound for the gain of per-RE RBF over per-PRB pair RBF. For per-PRB RBF, the DMRS transmission power is boosted by 3 dB to account for the fact that only 1 DMRS AP is used, thereby improving channel estimation. For 1 eCCE AL, per-RE RBF outperforms per-PRB pair RBF by about 1 dB. For 2 eCCE AL, this gain is about 0.3 dB. For less frequency selective channels the gain of per-RE RBF over per-PRB pair RBF will further increase and gains in the order of 1.5 dB were reported in [3] for the EPA (per-eREG RBF, DCI format 2C, AL 2 eCCEs). In general, the smaller the frequency selectivity of the channel and the larger the code rate for a DCI format transmission, the larger the gains of per-RE RBF over per-PRB pair RBF. 
Observation 1: For the smaller (and more likely) eCCE aggregation levels, the gains of intra-PRB pair RBF over per-PRB pair RBF range from a significant fraction of a dB to more than 1 dB. 

From a standardization and implementation perspective, intra-PRB pair RBF has two main differences from per-PRB pair RBF. The first is that intra-PRB pair RBF is not standard transparent as the specifications need to state which REs/eREGs are associated with which DMRS APs. The second is that intra-PRB pair RBF requires 2 channel estimates per PRB pair while per-PRB pair RBF requires 1 channel estimate per PRB pair. Both of these differences are marginal in significance compared to the BLER gains offered by intra-PRB pair RBF for distributed ePDCCHs. 

For intra-PRB pair RBF, the two main alternatives are per-RE and per-eREG. The performance difference between the two is not evaluated in this contribution because the exact structure of eREGs (e.g. size and mapping) is not yet decided and because the BLER with per-RE RBF will always be a lower bound for the BLER with per-eREG RBF. The exact difference (which may even be zero) will depend on the eREG structure and on the frequency selectivity of the channel. 
Another difference between per-RE RBF and per-eREG RBF is their functionality for channels having a transmission structure similar to the PHICH/PCFICH one. Even though an ePHICH will not be defined in Rel-11 and an ePCFICH may or may not be defined, it is still preferable to have per-RE RBF than per-eREG RBF to accommodate the possibility of supporting channels with transmission based on frequency distributed eREGs (as for  the PHICH/PCFICH ones). In that case, per-eREG RBF will be equivalent to per-PRB RBF while per-RE RBF will still exploit frequency selectivity within a PRB pair. Therefore, similar to SFBC for PDCCH being effectively applicable per-RE pair, RBF within pair of REs can be used for distributed ePDCCHs using DMRS APs 7 and 8. 

Observation 2: Per-RE RBF always outperforms per-eREG RBF (the difference depends on the eREG structure and may be marginal). Per-RE RBF for ePDCCH (using DMRS APs 7 and 8) is similar to SFBC for PDCCH and enables frequency diversity within a PRB pair for channels with eREG-based structure similar to the PHICH/PCFICH one (for Rel-11 or for future releases).
Finally, given that 2 DMRS APs are sufficient for capturing the antenna diversity gains within a PRB pair, a remaining issue is the use of REs for the other 2 DMRS APs. One option is to leave this to implementation and allow the power of REs for DMRS APs 9 and 10 to be used either for boosting the power of REs for DMRS APs 7 and 8 or for boosting the power of ePDCCH REs. As distributed ePDCCHs need to address low SINR UEs for which channel estimation accuracy is most important and as increasing the SINR for DMRS APs 7 and 8 improves ePDCCH BLER (e.g. [4]), this may often be the objective in practice. However, DMRS power boosting is ineffective if also applied by interfering eNBs. Unlike the cell-specific shift for CRS REs which was intended to avoid such interference, an equivalent shifting does not exist for DMRS REs. Then, another option is for DMRS APs 9 and 10 to transmit the same DMRS as APs 7 and 8, respectively, and for the UE to combine/sum DMRS REs from APs 7 and 9 and from APs 8 and 10. 

3 Conclusions

This contribution considered remaining aspects of DMRS-based RBF. In particular the following is proposed:
Proposal: Per-RE precoder cycling using DMRS APs 7 and 8 is used for TxD of distributed ePDCCHs.
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