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1. Introduction

In RAN1#62bis meeting, there have been some discussions on R-PDCCH design details. Moreover, there were many agreements regarding CSI-RS and PDSCH muting [1] which can have an impact on R-PDCCH design, especially on REG definition for interleaved R-PDCCH. In this contribution, further details on R-PDCCH REG are discussed based on Rel-8 concept.
2. R-PDCCH REG mapping onto PRBs
In Rel-8, the whole PRBs within the DL transmission band are reserved for PDCCH transmission and REG mapping is done in time-first manner. On the other hand, the set of PRBs is reserved for R-PDCCH transmission and the PRBs for R-PDCCH are semi-statically configured by higher layers. The configured PRBs determine the virtual system bandwidth and they can be scattered across the DL transmission band. Then, we can consider several alternatives for R-PDCCH REG mapping onto the configured PRBs as presented in [2]. We propose, as shown in Figure 1, to use frequency-first mapping within a PRB. When no RE is left in a PRB after mapping REG, it can be continued in the next PRB with the higher index.
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Figure 1: PRB-first mapping with frequency-first mapping within a PRB
Proposal 1:
· PRB-first mapping with frequency-first mapping within a PRB is used in R-PDCCH REG mapping.
3. REG definition considering CSI-RS

One remaining issue for interleaved R-PDCCH is on the REG definition considering CSI-RS. In the last meeting, there were many agreements regarding CSI-RS and PDSCH muting [1] and some agreements related to PDSCH rate matching are listed as follows:
Agreements:
· The values for the number of CSI-RS ports: 1, 2, 4, 8
· CSI-RS configuration is cell-specific and signalled via higher-layer
· CSI-RS are not present in the cell if they are not configured
· A Rel-10 UE shall assume PDSCH rate matching around the CSI-RS REs (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode
· Antenna port 15 is used when 1 CSI-RS is configured
· When muting of PDSCH REs is configured
· A Rel-10 UE shall assume PDSCH rate matching around the muted REs (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode

· Whether muting can be configured in a cell without CSI-RS is FFS

Following the agreements, we present two alternatives for the REG definition considering the CSI-REs and the muted REs.
Alternative 1: R-PDCCH rate matching around the CSI-RS REs and the muted REs
The common part of the above agreements is that a Rel-10 UE shall assume PDSCH rate matching around the CSI-REs and the muted REs. It means that a Rel-10 RN may also assume PDSCH rate matching when the RN is in UE mode, and its principle can also be applicable to R-PDCCH located in PDSCH region in Relay mode. Therefore, the RN can assume R-PDCCH rate matching around the CSI-REs and the muted REs as shown in Figure 2. In addition, REGs are indexed according to frequency-first mapping within a PRB as we proposed. In addition, to support SFBC transmission of R-PDCCH without any degradation, 2RE-unit rate matching or puncturing can be applied, but it lead to resource waste in some cases.
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Figure 2: R-PDCCH rate matching around the CSI-RS REs and the muted REs
Alternative 2: Restrict the CSI-RS transmission in Un link only in the 2nd slot
Another simple alternative is that CSI-RS transmission (and PDSCH muting if possible) in Un link is restricted to only in the 2nd slot. As shown in Figure 3, the position of CSI-RS REs can be restricted to the 9th and 10th symbol while the CSI-RS pattern and muting rule are identical to those in agreement above. Accordingly, the REs in those symbols containing CSI-RS are not used for R-PDCCH which make simple in RE grouping for REG and REG indexing and it do not cause a degradation on SFBC transmission since the same Rel-8 REG definition can be reused.
Such restriction can keep the number of available REs for R-PDCCH in the 2nd slot constant regardless of the CSI-RS port configuration and PDSCH muting, and also balance the number of available REs for R-PDCCH in each slot as much as possible. Otherwise the available resource for R-PDCCH in the 1st slot will be further decreased compared to that in the 2nd slot.
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Figure 3: Restrict the CSI-RS transmission in Un link only in the 2nd slot
Proposal 2:
· For the REG definition considering CSI-RS,
· Alt 1: R-PDCCH rate matching around the CSI-RS REs and the muted REs is used.
· Alt 2: CSI-RS transmission in Un link is restricted to only in the 2nd slot, i.e., OFDM symbol #9 and #10. OFDM symbol #9 and #10 are skipped in R-PDCCH REG mapping.
4. REG definition considering DM-RS

There can be a case that both CRS and DM-RS are placed in a subframe even though R-PDCCH is demodulated only by one of them. Since it is possible to have the same or different RS types for R-PDCCH and Un PDSCH for a RN, the combination of CRS based R-PDCCH and DM-RS based Un PDSCH should not be precluded. In this case, the REs available for R-PDCCH have to discount those not only for CRS but also for DM-RS. Consequently, the REs for DM-RS should be taken into account in design of R-PDCCH REG, and REG should be well-grouped to support diversity scheme for R-PDCCH transmission, i.e. precoded symbol should be well-mapped to physical REs over time-frequency domain.
Proposal 3:
· The issues on designing REG and CCE when both CRS and DM-RS are placed in a subframe can be studied further.
5. Conclusion
We discussed the R-PDCCH design considering RS overheads for interleaving case. Finally, the following points are proposed;
Proposals:

· PRB-first mapping with frequency-first mapping within a PRB is used in R-PDCCH REG mapping.
· For the REG definition considering CSI-RS,

· Alt 1: R-PDCCH rate matching around the CSI-RS REs and the muted REs is used.

· Alt 2: CSI-RS transmission in Un link is restricted to only in the 2nd slot, i.e., OFDM symbol #9 and #10. OFDM symbol #9 and #10 are skipped in R-PDCCH REG mapping.

· The issues on designing REG and CCE when both CRS and DM-RS are placed in a subframe can be studied further.
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