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1 Introduction

The ECCE aggregation levels (ALs) for distributed EPDCCH and for localized EPDCCH were discussed in RAN1#70. In particular, an ECCE consists of 16 EREGs but in order to account for the variable number of available REs for transmitting EPDCCHs per ECCE, the ECCE ALs dynamically adjust depending on whether or not the number of available REs per PRB pair, NRE, is smaller than a threshold Xthresh.
Two design aspects remain, which are currently working assumptions, to be confirmed:

a) The largest ECCE ALs
a. For localized EPDCCH, whether an AL of 16 ECCEs is supported when NRE < Xthresh and whether an AL of 8 ECCEs is supported when NRE ≥ Xthresh.
b. For distributed EPDCCH, whether an AL of 32 ECCEs is supported when NRE < Xthresh and whether an AL of 16 ECCEs is supported when NRE ≥ Xthresh.
b) The value of Xthresh
This contribution addresses the above aspects. 

2 ECCE Aggregation Levels
2.1 Distributed EPDCCH - NRE ≥ Xthresh 
The working assumption for an AL of 16 ECCEs when NRE ≥ Xthresh was motivated by the need to provide the same BLER/coverage for distributed EPDCCHs as for PDCCHs. It is noted that an AL of 16 ECCEs may not be possible for the lowest system BWs (1.4/3.0 MHz) as it requires at least 4 PRB pairs to be configured. Even with an AL of 16 ECCEs, a distributed EPDCCH may not match the BLER/coverage of PDCCH for the following reasons:
a) Worse BLER for distributed EPDCCH at low SINRs by about 2.5-3 dB [1-3] in case of minimum frequency diversity and for channel estimation based only on the DMRS in a current subframe 
a. The BLER gap relative to PDCCH is significantly reduced by transmitting EPDCCH with full frequency diversity [4] and by improving channel estimation through DMRS interpolation in past subframes [3]
b) Fewer than 36 REs are available per ECCE for transmitting an EPDCCH 

a. In Rel-11, the maximum available REs per ECCE are 31 or 32 (normal CP, 1 PDCCH symbol, 1 CRS port, no CSI-RS). This introduces an additional BLER gap of ~0.6 dB. In more typical cases (e.g. 2 PDCCH symbols, 2 CRS ports, no CSI-RS), the available REs per ECCE are 27 and the additional BLER gap is ~1.25 dB.
Therefore, if an AL of 16 ECCEs is not supported for distributed EPDCCH, the BLER/coverage gap relative to PDCCH can be about 4 dB (even for NRE ≥ Xthresh) and it is difficult to eliminate it in practice by relying only on power boosting. Assuming that EPDCCH reception is enhanced by improving frequency diversity and channel estimation [4], the BLER/coverage gap relative to PDCCH can be about 2.5 dB which is also difficult to eliminate in practice.
Proposal 1: For distributed EPDCCH, an aggregation level of 16 ECCEs is supported. 
2.2 Distributed EPDCCH - NRE < Xthresh 
The working assumption for an AL of 32 ECCEs when NRE < Xthresh was motivated from the rationale that when the available REs per ECCE are significantly reduced, this is compensated by doubling the allocated ECCEs and, if an AL of 16 ECCEs is supported when NRE ≥ Xthresh, then an AL of 32 ECCEs should be supported when NRE < Xthresh.    
The above rationale would be valid if the reduction in the number of available REs per ECCE when NRE < Xthresh was almost twice the one when NRE ≥ Xthresh. However, for subframes without CSI-RS and for system BWs of 5 MHz or larger, this is never the case. For example, for 3 PDCCH symbols and 2 CRS ports (NRE < Xthresh), the available REs per ECCE are 24 (normal CP, no CSI-RS) which translates to a further BLER gap increase of ~0.5 dB (in addition to the previous minimum BLER gap of ~1.25 dB), relative to PDCCH. 
Assuming that an AL of 16 ECCEs is possible, the above additional BLER gap (~0.5 dB) is either fully captured by using 16 ECCEs (at least when full frequency diversity and improved channel estimation are available) or is still within the range of practical power boosting (instead of boosting by ~1.0 dB, when 16 ECCEs are used, boosting is by ~1.5 dB). Although reliance on power boosting is generally not desirable, as it can be cancelled by similar power boosting (for PDSCHs or EPDCCHs) in adjacent cells, particularly for cell edge UEs which are of most interest for the maximum AL, no significant issues are expected for modest power boosting values especially when enough PRB pairs are used to transmit an EPDCCH with a maximum AL (e.g. 8 or more PRB pairs since 16 ECCEs for one EPDCCH effectively consume 4 PRB pairs) and sufficient interference randomization can be achieved. 

For subframes with CSI-RS, an AL of 32 ECCEs may not be avoided. For example, for normal CP, 3 PDCCH symbols, 2 CRS ports, and 40 CSI-RS REs, the available REs per ECCE are only 14. This results to a further BLER gap of ~4.10 dB (when using 16 ECCEs) relative to PDCCH which is difficult to compensate in practice by relying only on power boosting. Considering that subframes with CSI-RS are rather sparse (e.g. at most 1 in 5), it would be possible without significant scheduler restrictions to avoid transmitting such an EPDCCH (particularly since the probability that a UE would need an AL of 32 ECCEs should typically be small). However, this may not be possible in case a common search space is introduced for EPDCCH in Rel-12 and an AL of 32 ECCEs may then become essential unless full frequency diversity and channel estimation gains are enabled. Ideally, similar to UE-common control information, coverage for an EPDCCH requiring 32 ECCEs could have been provided by PDCCH. However, it was decided to not support candidates for both PDCCH and EPDCCH in respective UE-dedicated search spaces (UE-DSS) in the same subframe. 

The main drawback with supporting an AL of 32 ECCEs is not related to the search space design, the feasibility of which was captured as the condition for the working assumption to become an agreement (no implication is foreseen in that respect), but on the EPDCCH overhead and on the impact on the blocking probability. However, assuming that the number of EPDCCH candidates per ECCE AL is configured to a UE by the network [4], an AL of 32 ECCEs can be trivially supported by specifications and it can be a network’s choice whether to use it or not use it (by assigning zero candidates for an AL of 32 ECCEs) and instead rely on power boosting and scheduling restrictions. 
Therefore, if an EPDCCH is always transmitted with minimum frequency diversity (e.g. only in 4 PRB pairs) for an AL of 16 ECCEs and if BLER gains from improving channel estimation are not obtained, it appears preferable to confirm the working assumption and support an AL of 32 ECCEs for distributed EPDCCH when NRE < Xthresh. Otherwise, supporting distributed EPDCCHs with an AL of 16 ECCEs is sufficient. 

Observation: Whether an aggregation level of 32 ECCEs is needed when NRE < Xthresh depends on whether the associated distributed EPDCCH operation is always with the worst frequency diversity and channel estimation. 
2.3 Localized EPDCCH
The working assumption for an AL of 8 ECCEs when NRE ≥ Xthresh is primarily motivated by the need to support large DCI format sizes (e.g. DCI Format 2C) with localized EPDCCH when the UE SINR is low. Unfortunately, unlike the distributed EPDCCH, no meaningful BLER benchmarks exist for localized EPDCCH relative to PDCCH (e.g. localized EPDCCH may outperform PDCCH under theoretically ideal conditions but it may underperform once CSI measurement and feedback errors and sub-band CSI feedback, instead of a theoretical PRB-based feedback, are considered). This only allows for an approximate analysis. In the following it is assumed that localized EPDCCH BLER is the same as PDCCH BLER. Subsequent arguments will be strengthened if, for a same CCE/ECCE AL, the localized EPDCCH BLER is lower than the PDCCH one, and weakened otherwise.
For DCI Format 2C, the required PDCCH SINRs for 1% BLER at 10 MHz and the ETU channel are about [5.9, -0.1, -3.1, -5.7] dB for [1, 2, 4, 8] CCEs, respectively [3]. For reference purposes, Xthresh= 104 REs is assumed and the smallest number of available REs per ECCE is 26 which is equivalent to -1.4 dB BLER gap. Therefore, the equivalent localized EPDCCH SINRs for 1% BLER are about [7.3, 1.3, -1.7, -4.3] dB for [1, 2, 4, 8] ECCEs, respectively. 
The issue of whether to support an AL of 8 ECCEs then becomes whether localized EPDCCH is useful for UEs with DL SINR below -3 dB (assuming a modest power boosting of ~1.3 dB in case of 4 ECCEs). Such usefulness is rather limited due to CSI-RS measurement errors and CSI feedback errors and as, at least due to such reasons, distributed EPDCCH is preferred for EPDCCH robustness/coverage at low SINRs. Therefore, to avoid unnecessary specifications and testing, an AL of 8 ECCEs may not be supported for localized EPDCCH when NRE ≥ Xthresh.

For NRE < Xthresh, following the same rationale as for distributed EPDCCH, the additional SINR required relative to NRE ≥ Xthresh in subframes without CSI-RS is typically in the range of 0.5 dB and similar arguments as for NRE ≥ Xthresh again apply. Therefore an AL of 16 ECCEs is certainly not needed and even the agreed AL of 8 ECCEs may not be essential.  
Proposal 2: For localized EPDCCH, an aggregation level of 8 ECCEs is not supported when NRE ≥ Xthresh and an aggregation level of 16 ECCEs is not supported when NRE < Xthresh.  
3 Threshold Value
A threshold value of Xthresh=104 REs, resulting to 26 available REs per ECCE, is considered as a working assumption from RAN1#70. A rationale for this choice is given in [5]. The only technical reason is to avoid having an exceedingly high code rate for a DCI Format 0/1A transmission. There are several issues with having a fixed Xthresh value.

A first issue is that the code rate for an AL of 1 ECCE is different depending on the operating BW, on the configured fields in DCI Formats 0/1A (A-SRS trigger, CIF), and on whether the network is an FDD or TDD one. For example, assuming 26 available REs per ECCE, for a TDD system at 20 MHz (with A-SRS trigger field and without CIF field), the DCI Format 0/1A size is 49 bits resulting to a code rate of 0.942 (which is too high for an AL of 1 ECCE to be practically useful). For an FDD system at 5 MHz (with A-SRS trigger field and without CIF field), the DCI Format 0/1A size is 41 bits resulting to a more reasonable code rate of 0.788 for an AL of 1 ECCE. This suggests a configurable, instead of fixed, Xthresh value.  
A second issue is that a UE may not know all CSI-RS configurations (it is assumed that a network nulls an EPDCCH transmission in REs containing CSI-RS which can be unknown to a respective UE). Then, the number of available REs per ECCE assumed by the UE is larger than the actual number. Combined with the BLER degradation as CSI-RS REs may be considered as EPDCCH REs by a UE, the result is that a network cannot use an AL of 1 ECCE for that UE when the UE actually assumes that the available REs per ECCE are larger than or equal to Xthresh. A remedy, as also discussed for the “rate matching vs. puncturing” topic, is for higher layer signaling to provide to a UE all CSI-RS configurations. Otherwise, a configurable, instead of fixed, Xthresh value is needed per subframe.

A third issue is the limitation of the analysis in [5] to DCI Format 0/1A. Even if Xthresh is fixed and resulting to an ECCE of 26 available REs, an AL of 1 ECCE is pointless for DCI Format 2C as the resulting code rate is larger than 1. This suggests that the value of Xthresh for determining supportable ALs should be configured per DCI format or that the number of EPDCCH candidates per AL should be configured per DCI format. For example, for an ECCE size consisting of 26 available REs, an AL of 1 ECCE may be configured for DCI Formats 0/1A but may not be configured for DCI Format 2C. Alternatively, an Xthresh value resulting to an ECCE of 26 REs may be configured for DCI Format 0/1A but an Xthresh value resulting to an ECCE of 30 REs may be configured for DCI Format 2C. Many more combinations exist where an Xthresh value is useful for one DCI format but it is not useful for another DCI format. When the number of available REs is less than Xthresh, an AL is replaced by its next larger one while maintaining the same number of EPDCCH candidates.
Therefore, the working assumption of Xthresh=104 REs significantly compromises EPDCCH operation. Multiple Xthresh values (e.g. 4) should be defined with one of them indicated by RRC per DL/UL TM (DCI format) configured to a UE.
Proposal 3: The threshold value, Xthresh, for switching between sets of supportable ECCE aggregation levels is UE-specifically configured by the network for each DCI format monitored by the UE.

4 Conclusions

This contribution considered whether the working assumptions for the maximum ECCE aggregation levels for distributed EPDCCH and localized EPDCCH and for Xthresh=104 REs can be confirmed and proposed the following.

Proposal 1: For distributed EPDCCH, an aggregation level of 16 ECCEs is supported.

Proposal 2: For localized EPDCCH, an aggregation level of 8 ECCEs is not supported when NRE ≥ Xthresh and an aggregation level of 16 ECCEs is not supported when NRE < Xthresh.  
Proposal 3: The threshold value, Xthresh, for switching between sets of supportable ECCE aggregation levels is UE-specifically configured by the network for each DCI format monitored by the UE.
In addition, the following observation is made.
Observation: Whether an aggregation level of 32 ECCEs is needed when NRE < Xthresh depends on whether the associated distributed EPDCCH operation is always with the worst frequency diversity and channel estimation. 
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