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1 Introduction

At RAN1#62bis we agreed on configuring the R-PDCCH control region according to resource allocation types 0, 1 and 2, see Section 6.6.1 of [1] and [3]. This contribution discusses the consequences and proposes to consider a simpler yet more flexible configuration.
2 Discussion

The Rel.8 L1/L2 control region spans the whole frequency domain and the PDCCH search space is determined taking all resource blocks (RBs) into account. The R-PDCCH control region will typically not occupy the full system bandwidth and RBs not used for R-PDCCH can be used for PDSCH transmissions to UEs and/or RNs. The R-PDCCH control region is configured by the eNB using the same resource allocation types as used for the allocation of Rel.8 PDSCH. 

The three different resource allocation types 0, 1, and 2 have been optimized for the PDSCH and their design considers the trade-off between minimum signaling load on the PDCCH and maximum flexibility of PDSCH resource allocation. However, the design does not really match the requirements of the configuration of the R-PDCCH control region. 
2.1 Reuse Rel.8 functionality
One aspect of choosing the PDSCH allocation types was to re-use Rel.8 functionality. However, this is not possible at all: The semi-static configuration of the R-PDCCH control region is done by means of RRC and it is an intermediate step of determining the R-PDCCH candidates within the search space. In comparison with that, dynamic PDSCH resource allocation is done by means of PDCCH and it refers to the final allocation of resource blocks for actual PDSCH transmission. Nothing of the functionality of PDSCH resource allocation can be re-used for the configuration of the R-PDCCH control region. 
In contrast, re-using the PDSCH resource allocation types 0, 1 and 2 forces to specify (and implement and test) three different RRC signals, one for each type. One RRC signal would be enough when not re-using Rel.8 allocation types.
2.2 Signaling overhead

An important design aspect of the dynamically PDSCH resource allocation was the signaling overhead since the resource allocation is transmitted in every uplink grant and every downlink allocation. The configuration of the R-PDCCH control region is semi-static and it is expected that the corresponding RRC signal is transmitted very infrequently (almost never?). Hence, signaling overhead is not a critical issue when designing the configuration of the R-PDCCH control region. 
2.3 Flexibility of configuration

Although quite flexible, PDSCH resource allocation has certain restrictions, especially when being applied to the configuration of the R-PDCCH control region. For instance, it is not possible to distribute the candidates of one aggregation level in frequency while having localized RBs per candidate. This can be useful for R-PDCHH transmissions leveraging frequency selective scheduling. When using resource allocation type 0 but the resource block group size is 3, half of the R-PDCCH candidate positions of aggregation level 2 are not suitable for frequency selective scheduling, see Section 2.2 of [3].
2.4 Potential solution

A potential solution would be to use a simple bitmap with 1 bit per resource block in the system bandwidth. This would allow configuring the R-PDCCH control region flexibly on any resource blocks using a single RRC message format. 
Note that this is one of the very few occasions, where a potential solution is more flexible and less complex than an alternative at the same time!

3 Proposals
We propose to re-consider the configuration of the R-PDCCH control region. Instead of using PDSCH resource allocation types 0, 1 and 2 a simpler and more flexible approach by means of a simple bitmap addressing each RB of the system bandwidth should be considered. 
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