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1 Introduction
In RAN1 61bis meeting, supporting both Rel8 base REG-level interleaving and no interleaving across R-PDCCHs is agreed.
In RAN1 61 meeting, the following was agreed:
· 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 R-PDCCH region
Before the discussion of R-PDSCH allocation, to discuss the usage of R-PDCCH regions is useful. The usage of R-PDCCH region is no direct specification impact but it indirectly impact on R-PDSCH allocation. We describe two approaches. Approach 1 is a RBG is filled by R-PDCCH region as much as possible. Approach 2 is only a PRB in a RBG is used for R-PDCCH region.
Interleaving across R-PDCCHs
In interleaving case with CRS, two approaches of R-PDCCH region is shown in Fig. 1. In approach 1, A RBG may be filled by multiple virtual system bandwidths or one virtual system bandwidth. In approach 2, the remaining PRB(s) in a RBG would be used for R-PDSCH or PDSCH. As 3 or 4 diversity order is sufficient, the approach 1 can obtain sufficient frequency diversity and it is more useful for interference coordination of R-PDCCH. The approach 2 has more frequency diversity but the actual merit is not obvious. So we think the resource assignment design for interleaving with CRS should be carried out for approach 1.
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                                          (a) approach 1                                                                                     (b) approach 2
Fig. 1 R-PDCCH allocation for interleaving case

In the examples given above, the virtual system bandwidth is the same for R-PDCCH UL grant and DL grant However, in most cases, there are more REs available for UL grant in the second slot than for DL grant in the first slot in one PRB pair. Therefore, we think to configure separate virtual system bandwidths for R-PDCCH UL grant and DL grant for one RN is reasonable assumption in order to avoid unnecessary blind decoding and to allow unused 2nd slot to use for other purposes like R-PDSCH. The impact on above allocation policy needs further study because how often 2nd slot is unused should be checked.
No interleaving across R-PDCCHs

In no interleaving across R-PDCCHs case with CRS and DM-RS, distributed allocation and localized allocation of R-PDCCH are applicable as shown in Fig. 2. In Fig. 2, the relation between R-PDCCH 1 and R-PDCCH2 are shown. The allocation of R-PDCCH2 is shown as distributed and localized allocation. In distributed allocation of R-PDCCH2, R-PDCCH region can be approach 1 or approach 2. In localized allocation, a RBG is not shared among R-PDCCHs in Fig. 2. In no interleaving case, the localized allocation is mainly used for scheduling gain and distributed allocation approach 2 is occasionally used for diversity gain. We don't think approach 1 is used frequently in distributed allocation. A RBG is filled by multiple R-PDCCHs is not frequent because it means to optimize/design the aggregation size of these R-PDCCHs are same. A RBG is filled by single R-PDCCH is not frequent because it means the very high aggregation level for distributed allocation.
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(a) distributed allocation approach 1          (b) distributed allocation approach 2                  (c) localized allocation
Fig. 2 R-PDCCH allocation for no interleaving
2.2 Type 0 (RBG based) allocation of R-PDSCH
A RBG includes three kinds of RE areas. Fig. 3 shows such three areas. 

Area (a) The REs in the 1st slot PRBs which are configured for R-PDCCH transmission
Area (b) The REs in the 2nd slot of a PRB used for R-PDCCH 
Area (c) The REs in the 1st/2nd PRB not used for R-PDCCH transmission
Area (b) are allowed to be allocated by DL grant transmitted in area (a) according to the past agreement. However, it is not clarified how to allocate area (c) in type0 allocation. We discuss alternatives in the following.
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Fig. 3 REs for type 0 allocation (RBG-based) 
Alternative 0
Fig. 4 shows alternative 0. In Alternative 0, the resource allocation bit of the RBG indicates the usage of area (b). Area (c) is always allocated if area (a) is used for DL grant. Therefore, this alternative is applicable only for no interleaving without sharing the RBG among R-PDCCH. Alteternative0 is suitable for distributed allocation approach 2 and localized allocation with small aggregation size of R-PDCCH. 
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Fig. 4 Alternative 0
Alternative 1
Fig. 5 shows alternative 1. In alternative 1, the resource allocation bit of the RBG indicates the usage of area (b). As the usage of DL grant does not indicate the usage of area (c), this alternative is applicable for both interleaving and no-interleaving. Area (c) can not be allocated with type 0 allocation for RNs and UEs. This scheme has the merit if approach 1 of R-PDCCH region is often used since area(c) can be used for other R-PDCCH.
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Fig. 5 Alternative 1
Alternative 2
Fig. 6 shows alternative 2. In alternative 2, the resource allocation bit of the RBG indicates the usage of  area (c). In this case, even if there is no UL grant on second slot, the second slot is empty. Alternative 2 doesn’t align with following agreement of RAN1#60bis.
“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.” 
This alternative is applicable for both interleaving and no-interleaving. This scheme has the merit if approach 2 of R-PDCCH region is often used.
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Fig. 6 Alternative 2

Alternative 3
Fig. 7 shows alternative 3. In alternative 3, the resource allocation bit of the RBG indicates all of second slots in the RBG. 
This alternative is applicable for both interleaving and no-interleaving. This scheme has the merit if approach 1 of R-PDCCH region is often used and the probability to use DL grant only in a RBG is high.
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Fig. 7 Alternative 3

Alternative 4
Fig. 8 shows alternative 4. In alternative 4, the resource allocation bit of the RBG indicates area (b) and area (c) simultaneously.

This alternative is applicable for both interleaving and no-interleaving. This scheme has the merit if approach 2 of R-PDCCH region is often used. This scheme is suitable for ICIC coordination since PDSCHs are mainly allocated with type0 allocation.
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Fig. 8 Alternative 4

Alternative 5

Fig. 9 shows alternative 5 for a smaller virtual system bandwidth for the UL grant than for the DL grant, broken down to the RBG level so that only half the RBG is available for an UL grant. In alternative 5, the resource allocation bit of the RBG indicates area (b-2). Area (b-1) consists of the PRB used for the UL grant as an effect of the smaller virtual system bandwidth for UL grants.
This alternative is applicable for both interleaving and no-interleaving. 
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Fig. 9 Alternative 5

Comparison
· Interleaving with CRS
We think approach 1 of R-PDCCH region is typical case for interleaving with CRS. Therefore, alternative 1 is suitable. 
· No interleaving with CRS 
Localized allocation and distributed allocation approach 2 of R-PDCCH region might be used. Then alternative 0 can be used. Alternative 1 would be also possible to use.
· No interleaving with DM-RS
Localized allocation and distributed allocation approach 2 of R-PDCCH region might be used. Then alternative 0 can be used.
2.3 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. 10 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 area (b) and PRB pair #1 for RN1 indicates area (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 (area (b)), the second slot can be allocated for RN1. However, Area (b) can be allocated for only RN1.
On the other hand, RN1 assumes area (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. 10 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. 11. 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. Which case should be optimized needs further discussion.
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                                       (i) Alternative 1                                                               (ii) Alternative 2

Fig. 11 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, it is not straight-forward to allocate area (b) (second slot of the PRB used for R-PDCCH) and area (c) (the first/second PRB not used for R-PDCCH transmission) with 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.
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