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1 Introduction

A chicken-and-egg problem occurs when a donor base station multiplexes the R-PDCCH in the first slot and DMRS-based PDSCH in the second slot of the same resource block. The receiving relay node needs to demodulate the R-PDCCH, hence it needs to know to which resource elements in the resource block the R-PDCCH is mapped. However, the exact resource elements used for the R-PDCCH depend on the number of DMRS antenna ports used for the PDSCH. This information is only available after the successful decoding of the R-PDCCH. 

The RAN1 email thread [62bis-05-LTE-A] discussed the following three solutions:

1. 1-bit higher layer signalling is used to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for R-PDCCH transmission.
2. RN always assumes maximum DM RS overhead, i.e., 12 REs in the first slot
3. If the min(DeNB Tx, RN Rx) <=2, 6 DM-RS REs/slot is assumed, otherwise, 12 DM-RS REs/slot is assumed.
The latter solution was also proposed in [1] but RAN1 did not agree on it. In the RAN1 email thread [63-17-LTE-A] two further alternative solutions were discussed:

4. Distinguish between 6 and 12 reserved DMRS-REs/slot based on the maximum number of layers indicated by the relay node as part of the category/capability. This parameter can be adapted to additionally consider the number of Tx antennas at the eNB and the actual channel rank.
5. If the Un is configured to TM9 with 4 Tx with codebook subset restriction set 4 layer, the RN should assume 12 DM RS in the 1st slot. If the Un is configured to TM9 with 4 Tx with codebook subset restriction set to limit to 2 layer, the RN should assume 6 DM RS in the 1st slot.
This contribution discusses the 5 potential solutions.
2 Discussion

2.1 Solution 1 
Solution 1) is most flexible since the number of resource elements (REs) reserved for DMRS can be configured and re-configured. However, it requires RRC signaling, which in turn requires standardization, implementation and testing effort. In order to be standard-compliant each RN (and donor eNB) would have to implement this signaling exchange although the RN (donor eNB) might have 2Rx (Tx) antennas only, hence, it will never use more than 2 layers. In case of RRC-reconfiguration there is an ambiguity phase, where it is not clear whether the old or the new configuration should be applied. For this case a blind decoding on the number of used REs would have to be specified in addition. Finally, solutions 4) and 5) do the same job without new RRC signaling and the performance benefit of solution 1), if any, is unclear.
2.2 Solution 2 
Solution 2) is by far the simplest approach. However, it is not resource efficient in case 12 REs are unused although only 1 or 2 DMRS ports are used. Especially in the case where either the eNB or the RN has a maximum of 2 antennas 4 DMRS antenna ports are never used. However, power control can compensate for the inefficiency, especially if the code rate used for the R-PDCCH is low. 
2.3 Solution 3 
Solution 3) is not resource efficient when 12 REs are unused (4Tx antennas at donor eNB, 4 Rx antennas at RN) although the channel conditions of a line-of-sight eNB-RN channel allow for a maximum of 2 layers (channel rank of 1 or 2) and only 1 or 2 DMRS ports are used. Furthermore, only the number of cell-specific reference signals used for eNB transmission is known, the number of UE-specific reference signals could be higher. Finally, the number of Rx antennas is not signaled from RN to eNB so this information is also not available.
2.4 Solution 4 
Solution 4) is an enhancement of solution 3), where the rank of the eNB-RN channel can be considered. In order to do so, the responsibility is shifted towards the relay node. As part of the category/capability, the relay node indicates the Maximum number of supported layers for spatial multiplexing in DL to the eNB during the connection setup. This information should be used by the donor eNB to reserve the appropriate number of DMRS antenna ports when mapping the R-PDCCH to REs. Like that no new RRC signaling is needed. In Rel.8/9, the maximum number of supported layers considers the number of RN’s Rx antennas as well as the UE’s hardware and software capabilities. When indicated by a relay node, the parameter should consider the channel rank and the number of eNB’s Tx antennas in addition. The channel rank can be measured by the relay node during Phase I of the RN attach procedure and the number of eNB Tx antennas can be determined from the maximum of CRS and CSI-RS antenna ports.
2.5 Solution 5 
Like solution 4), solution 5) leverages existing signaling. Here the responsibility is at the donor eNB and the RRC parameter to indicate the codebook subset restriction is used to indicate the number of REs reserved for potential DMRS transmissions. One drawback is that this parameter is only valid/present if PMI/RI reporting is configured. It could be an option to allow this parameter even if PMI/RI reporting is not configured.
3 Proposals
Since solution 4 allows considering the number of antennas at the eNB and RN as well as the channel rank without introducing new RRC signaling, we propose to support solution 4. Solutions 5 and 2 are less preferred. Solution 1 introduces complexity that cannot be justified by a performance gain. 
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