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1 Introduction
In RAN1 61 meeting, the following was agreed in[1]:
· The second slot of a R-PDCCH PRB pair can be allocated to data channel for a RN receiving at least part of DL grant in the first slot of the PRB pair.
· If the RN receives a resource allocation which overlaps a PRB pair in which a DL grant is detected in the first slot, the RN assumes there is PDSCH data transmission for it in the second slot of that PRB pair. 

· Otherwise the RN assumes no data transmission for it in the second slot of that PRB pair. 
i.e. no change to DCI formats


· For a R-PDCCH PRB pair where RN detects at least part of DL grant in the first slot, RN shall assume the first slot of the R-PDCCH PRB pair is not used for data transmission.
This resource allocation for second slot of a R-PDCCH PRB pair needs further discussion based on type 0/1 allocation and interleaving/no interleaving across R-PDCCHs.

2 Discussion
2.1 Type 0 (RBG based) allocation of R-PDSCH
A RBG includes three kinds of RE areas. Fig 1 shows such three areas. 

Area (a) The REs in the first slot PRBs which are configured for R-PDCCH transmission
Area (b) The REs in the second slot of a PRB used for R-PDCCH 
Area (c) The REs in the first/second PRB not used for R-PDCCH transmission
REs in (b) are allowed to be allocated by DL grant transmitted in (a) according to the past agreement. However it is not clarified how to allocate the REs in (c) in type0 allocation.
The behaviour is different between when no interleaving across R-PDCCHs and interleaving across R-PDCCHs is done. So we discuss the RE usage separately.
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Fig. 1 REs for type 0 allocation (RBG-based) 
No interleaving across R-PDCCHs case

The resource allocation scheme without change to DCI formats is proposed in [2]. Fig. 2 shows such a resource allocation for no interleaving across R-PDCCHs case. In this scheme, the resource allocation bit of the RBG for a certain RN like RN1 indicates the usage of REs in (b). Therefore, when there is no UL grant on REs in (b), REs in (b) can be allocated for the same RN1. REs in (c) are always allocated for RN1 if (a) is used for R-PDCCH DL grant for RN1. Therefore, REs in (c) can not be allocated to other RNs and UEs. This restriction is not so attractive when RBG is used as the granularity of interference coordination among cells. In addition, REs in (c) also can not be allocated for UL grant of RN1. However, the REs of first slot for DL grant is much larger than that of UL grant. So, this restriction is not so significant issue.
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Fig. 2 The resource allocations for type 0 (RBG-based) with no interleaving across R-PDCCHs
Interleaving across R-PDCCHs case

Our preference is not to support interleaving across R-PDCCHs. Now the ongoing email discussion confirms our thinking that to support Mode 1-n is really complex to handle the REs re-uses.
Fig. 3 shows three alternatives of resource allocation for interleaving across R-PDCCHs case. R-PDCCH for RN1 and RN2 are interleaved on REs in (a). 
In alternative 1, the resource allocation bit of the RBG for RN1 indicates only the REs in (b) as same as no interleaving case. In this case, when there is no UL grant on second slot (REs in (b)), the second slot can be allocated for RN1 or RN2. However, REs in (c) can not be allocated for RN1 and RN2 with type 0 allocation since there is only one allocation bit for a RBG in type 0 allocation.
In alternative 2, the resource allocation bit of the RBG for RN1 indicates only the REs in (c). In this case, even if there is no UL grant on second slot, the second slot should be empty. 

In alternative 3, the resource allocation bit of the RBG for RN1 indicates all of second slots in the RBG. In this case, it is assumed that the first slot in the same RBG is used for other DL grant. This is attractive when RBG is used as the granularity of interference coordination among cells. 
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                     (i) Alternative 1                                                                                    (ii) Alternative 2
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                    (iii) Alternative 3    

Fig. 3 Alternatives of resource allocations for type 0 (RBG-based) with interleaving across R-PDCCHs
2.2 Type 1 (RB based) allocation of R-PDSCH
No interleaving across R-PDCCHs case
In type 1 allocation, resource allocation bits indicate each PRB pairs belong to allocated subset of RBGs. Fig. 4 shows the resource allocation for no interleaving across R-PDCCHs case with type 1 allocation. The resource allocation bit of PRB pair #0 for RN1 indicates REs in (b) and PRB pair #1 for RN1 indicates REs in (c) separately. 
RN knows the first slot of PRB is DL grant by blind decoding. Therefore, when there is no UL grant on second slot (REs in (b)), the second slot can be allocated for RN1. However, REs in (b) can be allocated for only RN1.
On the other hand, RN1 assumes REs in (c) is allocated for RN1 when first slot of the PRB is no R-PDCCH for RN1. If eNB allocates DL grant on first slot of PRB pair#1 for RN2, second slot of PRB pair #1 shouldn’t be allocated for RN1.
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Fig. 4 The resource allocations for type 1 (RB-based) with no interleaving across R-PDCCHs
Interleaving across R-PDCCHs case

In interleaving across R-PDCCHs case, interleaving depth (i.e. set of interleaving sizes) is defined by virtual system bandwidth. When RN detects at least part of DL grant in the first slot of the PRB pair, first slot of the R-PDCCH PRB pair is not used for data transmission. However, it is not clear how to allocate first slot belonging to a set of interleaving when there is no REG of the R-PDCCH as shown in Fig. 5. In this figure, the set of interleaving is upper PRB pairs in RBG#0, RBG#2, RBG#4 and there is no REG of the R-PDCCH for RN1 in upper PRB of RBG #2. In this case, there are two alternatives:
Alternative 1: When there is no REG on a PRB of the set of interleaving, first slot and second slot of the PRB pair can be assigned for R-PDSCH by the resource allocation bit for upper PRB pair of RBG#2.
Alternative 2: Even if there is REG on a PRB of the set of interleaving, only second slot of the PRB pair is assigned for R-PDSCH. Therefore, first slot of PRB of the set of interleaving is not assigned for R-PDSCH. 
In addition, if the virtual system bandwidth is common among all RNs, RNs are able to know which PRB is used for the set of interleaving but if the virtual system bandwidth is not common among all RNs, RNs cannot easily know other sets of interleaving.
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Fig. 5 Alternatives of resource allocations for type 1 (RB-based) with interleaving across R-PDCCHs
3 Summary

We discussed resource allocation schemes for second slot of a R-PDCCH PRB pair and first/second PRB not used for R-PDCCH transmission based on type 0/1 allocation and interleaving/no interleaving across R-PDCCHs.
For type 0 allocation, when interleaving across R-PDCCHs is used, this is especially complicated. It is not straight-forward to allocate REs in (b) (second slot of the PRB used for R-PDCCH) and REs in (c) (the first/second PRB not used for R-PDCCH transmission) at an efficient granularity.
For type 1 allocation, when interleaving across R-PDCCHs is used, it is not clear how to allocate the first slot belonging to set of interleaving when there is no REG of the R-PDCCH in that PRB.

Our preference is to support only no interleaving across R-PDCCHs since there is no need of defining a additional complicated rule on how to efficiently utilize REs. 
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