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1. Introduction
RAN1 had made a lot of agreements on R-PDCCH design and a number of contributions were submitted to discuss about the overall features of R-PDCCH [1-5]. Some of the agreed R-PDCCH features are summarized as follows:
· Resource allocation

· Both frequency localized and distributed allocations are supported (RAN1#59bis).

· Demodulation RS

· Both CRS and Rel-10 DM RS are supported (RAN1#60).
· Interleaving
· No interleaving is applied when demodulated with DM RS (RAN1#60bis).

· Both no interleaving and REG-level interleaving are supported when demodulated with CRS (RAN1#61bis).

This summary reveals that RAN1 needs to define more than one R-PDCCH options according to the configured resource allocation method, demodulation RS type, and whether to be interleaved or not. With these agreements, one of the most important issues in designing R-PDCCH is how to support multiple R-PDCCH options while minimizing the specification work.
In this contribution, we provide our view on the R-PDCCH design principles and the basic channel structures. More detailed discussions are provided in a number of accompanying contributions [6-9].
2. Options for R-PDCCH Search Space Configuration
Based on the summary in the previous section, we can consider the following three different options of R-PDCCH search space configuration
:
· Option 1: Frequency localized non-interleaved R-PDCCH
· Option 2: Frequency distributed non-interleaved R-PDCCH

· Option 3: REG-level-interleaved R-PDCCH
Option 1 is beneficial in that it is more compatible with the frequency localized PDSCH resource allocation which is most likely to be used in Un where the channel is stable and relatively frequency-flat due to the LOS factors. Option 2 and 3 share the advantage that frequency diversity effect can be exploited which is useful when the channel state information is not reliable (e.g., due to the unpredictability of inter-cell interference). Option 3 can provides high diversity order with high coding rate but it has some drawback that it lacks flexibility in adjusting the amount of resources assigned to R-PDCCH. For example, some resource waste seems to be unavoidable if there is only one RN in the cell. Option 2 is beneficial in that it can provide the flexibility in adjusting the amount of R-PDCCH resources as did in Option 1, but it has a limitation that high rate coding cannot be used when the diversity gain is needed.
3. The Proposed R-PDCCH Structure
We propose in this section the following principles in designing R-PDCCH search space for each R-PDCCH search space configuration options enumerated in the previous section.

· The supported R-PDCCH structures are designed as commonly as possible.

· R-CCE is rate-matched so that one R-CCE fits to one PRB.

· This implies that the R-CCE size (in terms of the number of REs) is variable [8].

· In case of Option 2 and 3, a common VRB-to-PRB mapping rule is applied to distribute R-PDCCH over well-separated PRBs.

· One possible option is to use the mapping rule of virtual RBs of distributed type as proposed in [2].
· Each RN searches all the R-PDCCH position candidates within the semi-statically configured set of resources.
· Large number of RNs can be supported by properly configuring “RN-specific” R-PDCCH resource sets.
· For a given search space configuration option, more blind decoding is done for lower R-PDCCH aggregation level in order to exploit the favorable link quality in Un.
· One example is to halve the number of R-PDCCH position candidates when the aggregation level is doubled.
· R-PDCCH with the aggregation level of 8 is not supported as pointed out in [3, 4].

· RN does not perform blind decoding for UL grant.
· The location of UL grant is associated with the DL assignment message [9].
Based on the above principles and assumptions, we propose the R-PDCCH structure of each R-PDCCH configuration in the following subsections.
3.1. Frequency localized non-interleaved R-PDCCH (Option 1)
In this R-PDCCH structure, one R-PDCCH is transmitted over one or multiple PRBs which are consecutive in the “physical” domain. The overall R-PDCCH transmission procedure is
· R-PDCCH is rate-matched into one or more R-CCEs.

· R-CCEs are mapped into VRBs.

· VRBs are directly mapped to PRBs.

In order to exploit the frequency selective scheduling as much as possible the constraint on the number of blind decoding, the set of PRBs assigned to the search space should be determined such that the R-PDCCH candidate positions are well separated over the entire bandwidth. In other words, it is not a good R-PDCCH search space design if two different R-PDCCH candidate positions are close to each other in the frequency domain. Thus, it is reasonable to locate at most one R-PDCCH candidate position (for a given aggregation level) within one RBG. Figure 1 illustrates an example for this R-PDCCH structure in case of the bandwidth of 36 RBs. More details are discussed in [6].
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Figure 1. An example of the channel structure of the frequency localized non-interleaved R-PDCCH.
3.2. Frequency distributed non-interleaved R-PDCCH (Option 2)
In this R-PDCCH structure, one R-PDCCH is transmitted over one or multiple PRBs which are well-separated in the “physical” domain. The overall R-PDCCH transmission procedure is
· R-PDCCH is rate-matched into one or more R-CCEs.

· R-CCEs are mapped into VRBs.

· VRBs are mapped to PRBs according to the frequency distribution rule.
It is noteworthy that, for the R-PDCCH aggregation level 1 which occupies one PRB, there is no difference in the search space design of Option 1. The only difference is how to aggregate more than one R-CCEs (or PRBs, equivalently). As discussed above, it is assumed in this contribution that the resource mapping rule of virtual RBs of distributed type is used in this channel structure. This implies that R-CCEs comprising one R-PDCCH are mapped to some consecutive VRBs that are separated in PRB indices. Consequently, the channel structures discussed in Section 3.1 and 3.2 are equivalent to each other except for the applied VRB-to-PRB mapping rule. Figure 2 illustrates an example for this R-PDCCH structure. More details about the commonality and difference of the two structures are discussed in [6].
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Figure 2. An example of the channel structure of the frequency distributed non-interleaved R-PDCCH.

3.3. REG-level-interleaved R-PDCCH (Option 3)
In this structure, one R-CCE is fragmented into several REGs and interleaved with REGs from other R-CCEs. Then, some REGs are grouped to build one VRB and mapped into PRB according to the rule of the frequency distributed allocation. Consequently, information from different R-PDCCHs can be multiplexed together within one PRB and REGs from one R-CCE are well-separated in the physical domain. The overall R-PDCCH transmission procedure is

· R-PDCCH is rate-matched into one or more R-CCEs.

· R-CCEs are fragmented into REGs.

· REGs are interleaved with each other.

· Interleaved REGs are mapped into VRBs.

· VRBs are mapped to PRBs according to the frequency distribution rule.
The difference from the structure in Section 3.2 is that REG-level fragmentation and interleaving procedures are added. One issue in this structure is that REG-to-VRB mapping should be done so that the VRBs containing R-PDCCHs are well-separated in the PRB domain by the frequency distribution rule. Figure 3 illustrates an example for this R-PDCCH structure. More details about the search space configuration, interleaver structure, and resource mapping of this structure are discussed in [7, 9].
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Figure 3. An example of the channel structure of the REG-level-interleaved R-PDCCH.

Figure 4 compares the three proposed R-PDCCH structures.
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Figure 4. Comparison of R-PDCCH structures.
4. Conclusion
We have provided an overview on R-PDCCH design in this contribution. First, three R-PDCCH search space configuration options were identified as follows:
· Option 1: Frequency localized non-interleaved R-PDCCH

· Option 2: Frequency distributed non-interleaved R-PDCCH

· Option 3: REG-level-interleaved R-PDCCH
And the following was proposed for the R-PDCCH design principles:
· The supported R-PDCCH structures are designed as commonly as possible.
· R-CCE is rate-matched so that one R-CCE fits to one PRB.

· A common VRB-to-PRB mapping rule is applied to distribute R-PDCCH over the well-separated PRBs in case of Option 2 and 3.

· Each RN searches all the R-PDCCH position candidates within the semi-statically configured set of resources.

· More blind decoding is done for lower R-PDCCH aggregation level for a given search space configuration option.

· R-PDCCH with the aggregation level of 8 is not supported.
· RN does not perform blind decoding for UL grant.
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� Here, we assume that switching between R-PDCCH options is done semi-statically via high layer signaling. However, it is also possible for different options partly share a common R-PDCCH candidate positions. For example, Option 1 and 2 have the same R-PDCCH search space for the aggregation level 1 [6]. In this case, the R-PDCCH search space configuration may be dynamically switched based on the RN’s blind decoding if the number of required blind decoding is acceptable.
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