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1. Introduction
This document discusses some aspects of R-PDCCH design, including the control channel placement, multiplexing, and its impact on other aspects of relay design, including UL HARQ RTT, etc. The following was agreed at RAN1#60bis (Beijing, Apr 2010). 

· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS

Note that according to TS36.211 one PRB has one layer. 

· Decision on DL grant alone case and UL grant alone case to be made at RAN1#61.

2. R-PDCCH Multiplexing 

R-PDCCH and backhaul data starting symbol discussion
A Way-forward on R-PDCCH starting symbol was discussed on RAN1 email reflector in the lead up to the RAN1#60 meeting. At RAN1#60bis, a WF document R1-102544 discussed the DL Un Starting Timing and the followings two options were proposed in that document for DL backhaul timing Cases 1, 2, 3. 

· R-PDCCH starts at symbol s1.

· (R-)PDSCH starts at symbol s2 in PRB(s) not containing R-PDCCH.

· Alt 1

· s1 is fixed to symbol #3.

· s2 is configurable in the range m ≤ s2 ≤ 3.

· RN is informed of s2 via

· Alt 1-1: R-PDCCH.

· Alt 1-2: High-layer signaling.

· Alt 2

· s1 and s2 are semi-statically configured in the range m ≤ s1 = s2 ≤ 3.

Our preference is Alt 1-2 with a fixed RPDCCH starting symbol and a configurable (R-) PDSCH starting symbol, which is performed via higher-layer signaling.
The R-PDCCH starting symbol can be fixed to begin with the fourth OFDM symbol (symbol #3) in the eNB DL subframe for simplified control design. It is further possible to allow the eNB data transmission to the relay to begin prior to the RPDCCH reception symbol in some cases via dynamic or RRC signaling e.g. if the eNB is using MBSFN (fixed PCFICH) during backhaul subframes, then RNs can potentially start receiving data from the eNB starting from the 2nd or the 3rd OFDM. Our preference is to allow the configuration via higher-layer signalling.

If dynamic signaling is adopted then the number of signaling bits to indicate the starting position of data transmission inserted in the RPDCCH should be small (e.g. 1 bit) and preferably achieved via CRC masking with the CRC Mask 0 reserved for a default data starting symbol.

As part of the enhanced ICIC coordination WI, if it is agreed that the PCFICH value of the eNB is known in advance at the RN for enhanced ICIC, then there is no need for additional dynamic signaling of the starting position of data transmission in the R-PDCCH. 

R-PDCCH placement

In RAN1#60bis, the following compromise solution was agreed for RPDCCH structure after a long discussion:

· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair
An example is illustrated in Figure 1. The above agreement from RAN1#60bis enables (or facilitates) Rel-8 like early decoding of control channels at the RN, especially for the DL grants. This is important as the timing on the backhaul DL (R-) PDSCH reception to UL A/N transmission is likely unchanged from Rel-8 timing of 4ms (for FDD atleast). 
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Figure 1 - An example R-PDCCH multiplexing per the agreement from RAN1#60bis. The DL grants are transmitted in the first slot and the UL grants are transmitted in the associated second PRB of the PRB pair (i.e. second slot). 

The R-PDCCH mapping when the DL grant alone or UL grants alone are present are to be decided at RAN1#61 at Montreal. The following is our view regarding the two cases 

DL grant Alone 

When DL grant alone is present, i.e. then the DL grant is mapped to PRBs in the 1st slot always. This is consistent with the previous agreement. In this case, the question remains, what occupies the associated PRBs in the second slot. A simplest solution for this is to assign these PRBs to the corresponding RPDSCH. This leads to shortened Resource blocks, that are similar to the shortened RBs defined on the inner six RBs in Rel-8. 

· If a DL grant is transmitted in the first PRB of a given PRB pair, then the second PRB of the PRB pair can be assigned to the corresponding R-PDSCH. 
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Figure 2 - An example RPDCCH multiplexing per the agreement from RAN1#60bis when only DL grants are present. DL grants are mapped to first slot only. Second slot may be assigned to R-PDSCH. 
UL grant Alone

When only UL grants are present, the UL grants can be mapped to second slot only, similar to the WF agreement. In this case, the first slot may be left empty (or unoccupied). However, a better utilization for the first slot in case of UL grants only is to either transmit an SPS-like DL messages on the backhaul or allow the UL grants to occupy both slots. It is also possible for the UL grant to just occupy the first slot e.g. by allowing some BDs between DL grants and UL grants are to be shared via a single DCI Format size (similar to 0/1A). 
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Figure 3 - An example of R-PDCCH multiplexing per the agreement from RAN1#60bis when only UL grants are present. DL SPS-like messages or UL grants are additionally mapped to the first slot.  Second slot is assigned to UL grants.
Proposal: 

When DL grants alone, DL grants are mapped to first slot only. Second slot may be assigned to R-PDSCH.
When UL grants alone, UL grants are mapped to both slots. Alternatively, first slot may be left empty or assigned to DL message.
An example set-up of the scheduling region based on a 5 MHz bandwidth is shown below. The possible assignments for DL grants in this example include 1 PRB, 2 PRB and 4 PRB, analogous to 1 CCE, 2CCE and 4 CCE aggregation levels (for UL grants spanning both slots, these would correspond to 2, 4, 8 CCEs). The possible R-PDCCH assignments are shown on the right hand side of the picture. It is noted that search spaces and DCI formats for DL and UL would be defined to ensure a reasonable number of BDs. 
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Figure 4 - An example set-up of the scheduling region for 5 MHz bandwidth. 
3. Conclusions
This document discussed some aspects of R-PDCCH design, including the control channel placement, multiplexing, etc.  In conclusion, the following is proposed for R-PDCCH design:
· For R-PDCCH and R-PDSCH starting symbols, our preference is Alt 1-2 in WF document R1-102544 with a fixed RPDCCH starting symbol and a configurable (R-) PDSCH starting symbol, which is performed via higher-layer signaling.
· When DL grants alone, DL grants are mapped to first slot only. Second slot may be assigned to R-PDSCH.
· When UL grants alone, UL grants may be mapped to both slots. Alternatively, first slot may be left empty or assigned to DL message.
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