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1. Introduction & Background
It is agreed in RAN#57bis that a new physical control channel “R-PDCCH” is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes. During the RAN1#60bis, further details on R-PDCCH is agreed as follows,
· 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. How does a RN search for R-PDCCH
In case a certain RN transmits both DL and UL grant in a given backhaul subframe, in order to fast reception of DL grant, the agreed way forward enables R-PDCCH for a DL grant assigned in the first slot of the backhaul subframe. While R-PDCCH for UL grant may be transmitted in the second slot of the same PRB of that of DL grant.  Figure 1 gives an illustration of backhaul subframe resource allocation. In order to make RN know the PRBs which contains DL and UL grant, several alternatives are discussed as follows.
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(a) UL Grant only in 2nd slot  
(b) UL Grant in a subframe
(c) UL Grant only in 1st slot
Figure 1. Backhaul subframe resource allocation

Alternative 1: resource allocation of DL/UL grant configured (semi-)statically.

RN1, RN2… RNm knows their occupied REs where DL grant and UL grant are transmitted by higher layer signalling, e.g., RRC configuration. This could be statically configured after RN initializes connection to the network, or semi-statically configured periodically or aperiodically.
Alternative 2: DL/UL grant searched by RN in backhaul control region.

Similar to Rel-8 PDCCH, the backhaul control region consists of a set of R-CCEs. These R-CCEs are mapping to the physical resource element by specified rules. RN can monitoring the control region and searching for candidate R-PDCCH. The control region may be across the whole PRBs. The R-PDCCH search spaces are similar to Rel-8 mechanism which depends on the aggregation level, x-RNTI and ns (slot number within a radio frame). Here, x-RNTI denotes the identified for the backhaul transmission. This should be provided by network and inform to the corresponding RN.
Considering DL and UL grant given to the same RN may be allocated into different slots, the search spaces for DL and UL grant is different from each other. Then one alternative is as follow,
· Alternative 2-1: Reuse R8 PDCCH searching space mechanism

· Alt 2-1-1: allocate DL grant in RN search space, UL grant in common search space

· Alt 2-1-2: allocate UL grant in RN search space, DL grant in common search space
Because the DL and UL grant start from different slot, it is so expected that they are allocated in different searching spaces. One possiblity is that allocate DL/UL grant in corresponding RN/common search space. Here, RN search spaces corresponds to the UE search spaces but only for RN searching R-PDCCH.

It is noted that the existing Rel-8/9 common search space only considering AL=4 and AL=8. The maximum number of PDCCH can be assigned in common search spaces is only 4 when AL=4 and 2 when AL=8. In order to increase the PDCCH capacity in common search spaces, it is expected that increse other AL for common search space, e.g., AL=1 or 2. As a consequence, the number of blind decoding in common search space also increases. 
To keep R-PDCCH FDM with R-PDSCH, the CCE to RE mapping in common search spaces and RN search spaces should also keep the REs for the same RN in a same PRB pair. This could be challenger design because the total size of common search spaces may be small than the total size of all RNs’ RN search spaces.
· Alternative 2-2: Separate searching spaces for 1st and 2nd slot
RN searches possible DL and UL grant in R-PDCCH in the 1st and 2nd slot seperately. In order to keep the same number of blind decoding to Rel8/9, e.g., 44 blind decoding, it is expected that,
· RN shall monitor only one R-PDCCH in 1st and 2nd slot respectively.

· R-CCEs with the same index in 1st and 2nd slot shall be mapped to the same PRB index. This rule keeps the DL and UL Grant for the same RN will be allocated in the same PRB pair.

In the absence of DL Grant for a certain RN, the allocation of UL Grant may occur:
(a) only in the 2nd slot. REs in the 1st slot could still be allocated for R-PDSCH for the same RN in SPS transmission. 
(b) in a subframe. RN needs to wait until correctly reception of the 2ns slot. Detailed operation is FFS.
(c) only in the 1st slot. REs in the 2nd slot could still be allocated for R-PDSCH for the same RN in SPS transmission.
In the absence of UL Grant for a certain RN, other RNs cannot allocate R-PDSCH in the 2nd slot because they do not know in which PRBs this certain RN’s DL Grant occurs. But it is possible to allocate the R-PDSCH in the 2nd slot only for the same RN. 
3. Conclusion
Compared to the existing mechanism, it is proposed that,
· DL/UL grant searched by RN in backhaul control region.
· Separate searching spaces for 1st and 2nd slot
· RN shall monitor only one R-PDCCH in 1st and 2nd slot respectively.

· R-CCEs with the same index in 1st and 2nd slot shall be mapped to the same PRB index.

· In the absence of UL Grant for a certain RN and only DL Grant alone, it may allocate R-PDSCH in the 2nd slot for the same RN in the same PRB pair.
· In the absence of DL Grant for a certain RN and only UL Grant alone, it may allocate R-PDSCH in another slot for the same RN in SPS transmission.
· FFS whether UL Grant may occur in whole backhaul subframe.
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