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1. Introduction & Background
The related RAN1 agreements on relay topics which impacts the Un R-PDCCH design are as follows:
Un Downlink timing

· DL timing Case 1and 3 are supported

· Case 1: RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN 

· Case 3: RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

Starting symbols for R-PDCCH and R-PDSCH (Alt 1-2)

· The following are valid for DL timing Case 1, Case 2, and Case 3.

· R-PDCCH starts at symbol s1.

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

· s1 is fixed to symbol #3.

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

· RN is informed of s2 via High-layer signaling.

Only Rank 1 is supported for R-PDCCH for a given RN
R-PDCCH multiplexing
· 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

· UL grant only case (with DMRS or non-interleaving of CRS)

· UL grants are only transmitted in the second slot (never in the first slot)

· No data transmission in the first slot

· FFS in case of SPS (await any news from RAN2)

The current agreement on reference signal for Un link in RAN1#60 is as follows:

· For R-PDCCH,

· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.
· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH
During the email discussion, the following R-PDCCH Interleaving schemes are proposed,
· Mode 1-1: pure Rel-8 based REG-level interleaving where the set of semi-statically assigned PRBs determines the bandwidth used for blind decoding. 
· Mode 1-2: Rel-8 based REG-level interleaving where the bandwidth used for blind decoding is determined by the entire set plus one or more subsets from the semi-statically assigned PRBs.   
· Mode 1-3:  Rel-8 based REG-level partial interleaving where the bandwidth used for blind decoding is determined by one or more partitions within a set of semi-statically assigned PRBs and each partition is separately interleaved. 
· Mode 2: no interleaving across R-PDCCHs in a PRB.
DM-RS and CRS are both included for Un data/control demodulation from the current working assumption. DM-RS is quite useful way for TDD and FDD system. Especially for TDD system with 8 correlated antenna equipped at base station, it encourages DM-RS rather than CRS based type for data demodulation.  
When DM-RS is used for R-PDCCH demodulation, R-PDCCH is not interleaved. This contribution considers R-PDCCH design in normal CP configuration for non-interleaved case.
2. R-CCE to PRB mapping
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Figure 1. Un fram structure
The Un frame structure is illustrated in Figure.1. The PRBs are numbered as described in TS36.211. It is noted that

· TRG: Transmit-Receive Guard, which is guard period for a RN to switch from transmission to reception.

· RTG: Receive-Transmit Guard which is guard period for a RN to switch from reception to transmission.

Note that, RTG is only necessary for downlink timing case 3 [4]. Otherwise, RTG can be used for downlink Un data/control transmission.

For simplicity and better description, similar to the Rel8 CCE definition, hereafter, we call 

· R-CCE1: Relay-Control Channel Element 1, which is the minimum resource allocation unit for one R-PDCCH within the 1st slot. Usually, R-PDCCH in 1st slot is aggregated by several (1~8) R-CCE1.
· R-CCE2: Relay-Control Channel Element 1, which is the minimum resource allocation unit for one R-PDCCH within the 2nd slot. Usually, R-PDCCH in 2nd slot is aggregated by several (1~8) R-CCE2.
[R1-104726] proposes the R-CCEs corresponding to R-PDCCH candidate m of the search space 
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, Yk is given by relay-RNTI when RN is allocated a RNTI, 
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 is the number of R-CCEs in control region. And a specified rules for R-CCE1 mapping to PRB1 and R-CCE2 mapping to PRB2 is proposed in [R1-104726]
3. Restricted Blind Decoding in R-PDCCH Search Space

Since the R-PDCCHs are assigned both in 1st and 2nd slot, the number of blind decoding is doubled in a backhaul subframe for RN if Release 8 blind decoding mechanism is reused, i.e., 

· common and UE search spaces, 

· total number of blind decoding is 44.
· maximum aggregation level is 8
In order to keep the total blind decoding in a backhaul subframe as the same as Release 8 blind decoding, which gives simple processing capability for RN, it needs to restrict the blind decoding in R-PDCCH search space.
Proposal 1: the blind decoding in R-PDCCH search space is restricted.

For R-CCE1 in 1st slot 

· Restricting usage of aggregation level 8 since the backhaul channel is usually in high SINR. The possibility of using AL=8 is very small.
· Common search spaces in R-PDCCH search space is as the same as release 8/9 common search space.

For R-CCE2 in 2nd slot 

· If DL grant is assigned in 1st slot, the starting position of PRBs assigned toUL grant in 2nd slot is the same as DL grant. In case no DL grant is assigned in 1st slot, the eNB can transmitting a dummy DL grant in which the resource allocation filed is indicating empty assignment.
· Restricting usage of aggregation level 8 since the backhaul channel is usually in high SINR. The possibility of using AL=8 is very small.
· Restricting usage of common spaces in 2nd slot in order to reduce the number of blind decoding

The total number of blind decoding for R-CCE1 and R-CCE2 are described as follows,

Option 1: number of blind decoding for R-PDCCH (aggregation level 8 is not used)
	
	Type
	Aggregation level 
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	Total Number of Blind decoding
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Option 2: number of blind decoding for R-PDCCH (aggregation level 8 is used)

If aggregation level 8 is NOT restricted for R-CCE1 and R-CCE2, then the number of blind decoding is as follows,
	
	Type
	Aggregation level 
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Option 3: number of blind decoding for R-PDCCH (restrict common search space)

If common search space is restricted for R-CCE1 and R-CCE2, then the number of blind decoding is as follows,
	
	Type
	Aggregation level 
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	Total Number of Blind decoding
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Our preference is option 1 since it gives enough R-PDCCH search space and does not largely increase the number of blind decoding.
4. Conclusions
Proposal 1: the blind decoding in R-PDCCH search space is restricted.

For R-CCE1 in 1st slot 

· Restricting usage of aggregation level 8 since the backhaul channel is usually in high SINR. The possibility of using AL=8 is very small.

· Common search spaces in R-PDCCH search space is as the same as release 8/9 common search space.

For R-CCE2 in 2nd slot 

· If DL grant is assigned in 1st slot, the starting position of PRBs assigned toUL grant in 2nd slot is the same as DL grant. In case no DL grant is assigned in 1st slot, the eNB can transmitting a dummy DL grant in which the resource allocation filed is indicating empty assignment.

· Restricting usage of aggregation level 8 since the backhaul channel is usually in high SINR. The possibility of using AL=8 is very small.
· Restricting usage of common spaces in 2nd slot in order to reduce the number of blind decoding

The total number of blind decoding for R-PDCCH is 46 according to the proposal.
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