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1 Introduction
In RAN1#62 meeting, two approaches of R-PDCCH search space are discussed for no-interleaving [1][2]. Both approach support distributed allocation and localized allocation of R-PDCCH with LVRB mapping and DVRB mapping. 

2 Discussion 
2.1 Search space for no interleaving
Both approaches use VRB mapping i.e. LVRB and DVRB are mapped to PRBs. The DVRB to PRB mapping is used for distributed allocation of R-PDCCH. The LVRB mapping is mainly used for localized allocation of R-PDCCH. The approach 1 [1] of LVRB mapping can be used for both distributed allocation and localized allocation if PRBs are selected with distributed manner as show in Fig. 1(a). The approach 2 [2] is used for localized allocation as show in Fig. 1(b). In approach 1, VRB are mapped to PRBs which are semi statically assigned. R-PDCCH candidates are defined from the VRB with lowest frequency index. In approach 2 VRB are mapped to PRBs directory. R-PDCCH search space of R-PDCCH aggregation level L is defined by a set of VRB indices {nL,1, nL,2, …, nL,M(L)}.
Note that even we use VRB/PRB, we see some modification from release 8 is necessary especially for the numbering scheme and the mapping relation between the 1st slot and 2nd slot. 
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(a) approach 1                                                               (b) approach 2

Fig. 1 R-PDCCH search space
Frequency selective gain for lower aggregation level
For lower aggregation level (L=1,2), aggregated CCEs are better to be located over the system band width in order to have frequency selective scheduling gain. In approach 1, when the search space of aggregation level 2 is twice of the search space of aggregation level 1 like a Rel.8 PDCCH, the band width of search space of aggregation level 1 is limited. When the number of BD trials of aggregation level 1 is same as the number of aggregation level 2, search space of aggregation level 1 is better to be mapped over the whole search space as shown in Fig. 2. If we support that search space of aggregation level 1 is defined from the VRB with lowest frequency index in approache1, the number of BD trials should be increased. In approach 2, the lower aggregation level can be located over the system band width. 
[image: image3.emf]VRB

#0

#1

#2

#3

#4

#5

#6

#7

0

1

2

3

4

5

0

1

2

#8

0

1

0

0

1

0 0

1 0

0

#0

#1

#11

PRB

#12

#9

#10

#11

3

4

5

3

4

5

#13

#14

#15

#16

#17

#18

#19

#20

#2

#3

#4

#5

#6

#7

#8

#9

#10

#11

2

3

4

5

1

2

#21

0

1 0

0

l

e

v

e

l

 

1

l

e

v

e

l

 

2

l

e

v

e

l

 

4

l

e

v

e

l

 

8

l

e

v

e

l

 

1

l

e

v

e

l

 

2

l

e

v

e

l

 

4

l

e

v

e

l

 

8


Fig. 2 modification1 of approach 1
RBG size 3
For RBG size 3 with type 0 allocation (RBG unit allocation), we consider the modification to reduce the number of RBGs occupied by R-PDCCH in approach 1. When the PRBs of search space are indicated in RBG granularity (3PRBs), several search spaces of aggregation level 2 are divided to two RBG as show in Fig. 3(a). The search space #1 of aggregation level 2 is located RBG#0 and RBG#2. When this search space #1 of aggregation level 2 is selected, the other PRBs in RBG#0 and RBG#2 are not used for PDSCH for UE with type 0 allocation. Therefore we propose only two PRB pairs in a RBG (three PRBs) are used for the search space in order to avoid aggregation level 2 is un-necessary distributed over different RBGs for approach 1. This modification is valid only when the set of R-PDCCH search PRBs are indicated by RBG mapping. If it is indicated by PRB (pair) level, it is implementation topic. In approach 2, search space of aggregation level L is defined by a set of VRB indices {nL,1, nL,2, …, nL,M(L)}. Therefore eNB can select the search space of aggregation level 2 in order not to overlap two RBGs.
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(a) approach 1                                                                     (b) modification
Fig. 3 modification for RBG size3 in approach 1
Localized allocation and distributed allocation
In approach 1, localized allocation and distributed allocation can be supported simultaneously. In Fig. 1, aggregation level 1 and 2 are localized and aggregation level 4 and 8 are distributed. In apporach2, only localized allocation or only distributed mapping is supported in VRB mapping.  If the number of BD trial is low (1 or 2) with localized allocation in the specific aggregation level, frequency selective gain is not sufficient since the probability that all candidates are in fading dip is high. In this case, distributed allocation is suitable to increase the robustness. The modification of approach 2 is shown in Fig. 4. In this modification, aggregation level 1 and 2 are no modification from original approach 2.  Aggregation level 4 and 8 are distributed by not using continuous PRBs in VRB or PRB.
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Fig. 4 modification for localized and distributed allocation in approach 2
Commonality between no-interleaving and interleaving
Regarding commonality, it is better to share same allocation scheme between no-interleaving case and interleaving case. In interleaving case, virtual system bandwidth should be allocated for RNs. In approach 1, VRBs are mapped to PRBs which are semi statically assigned. Therefore, PRB allocation rule can be used for no-interleaving and interleaving. On the other hand, in approach 2, it is difficult to reuse the PRB allocation rule for interleaving case since PRB(VRB) defined by a set of VRB indices {nL,1, nL,2, …, nL,M(L)} depending on the aggregation level L.
2.2 Common search space

There is no common definition of common search space of R-PDCCH. If definition of common search space is that RNs share the search space, it is implementation matter by dedicated signalling. If definition of common search space is that R-PDCCHs masked SI-RNTI, P-RNTI, RA-RNTI are allocated, we think this search space is not necessary. Those R-PDCCHs can be transmitted on RN specific search space. If definition of common search space is that search space defined by cell ID of donor eNB, all RNs share the search space. In agreement for interleaving in RAN1#61bis, the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding. Several virtual system bandwidth (search space) can be allocated on a subframe. This several setting of virtual system bandwidth is effective to reuse resource of R-PDCCH to PDSCH. Therefore, only cell ID is not enough to allocate RN specific search space.
2.3 Blind decoding of DL grant and UL grant
Following options of RN blind decoding are discussed in offline discussion.
· Option (1) RN always does BD in both first and second slot
· Option (2) RN does BD only in the first slot (e.g., by using dummy DL grant in case of UL grant alone [3])
· Option (3) RN does no BD in the second slot when DL grant is detected. RN does BD in the second slot if RN detects no DL grant.
From following reason, we prefer option (1).

· UL grant decoding can be started regardless of DL grant decoding
· The false detection of DL grant and miss detection of DL grant does not have the impact on UL grant.

In option (2), UL grant decoding should be started after DL grant decoding. The decoding time is depending on the number of BD trials. If DL grant decoding time is longer than 2nd slot duration (0.5msec), the start time of UL grant decoding is delayed. In option (3), UL grant decoding is up to implementation whether RN does not BD or dose BD of UL grant when DL grant is detected. If RN does BD of UL grant regardless of DL grant detection, behaviour is almost same as option (1). 
We propose to start the discussion from maximum number of BD trials is 44. If this number is not sufficient, to discuss the extension would be our proposed approach. Regarding aggregation level 8, we do not have strong view to support it. If BD number of lower aggregation level is not sufficient, to remove aggregation level 8 is reasonable than to increase BD effort.

2.4 Granularity of search space indication (by higher layer)

We propose that the granularity of search space indication is RBG based. This corresponds the signalling to indicate the set of R-PDCCH VRBs in approach 1 and a set of VRB indices in approach 2. It is suitable to ICIC coordination since type 0 allocation is mainly used for PDSCH. It is not critical but RBG based allocation can be reduce the number of indication bits for R-PDCCH search space than PRB based allocation. 
3 Summary

We discussed two approaches of R-PDCCH search space for no-interleaving. 

If approach 1 is supported, two modifications are necessary as follows.

- For lower aggregation level (L=1, 2), aggregated CCEs are better to be located over the system band width in order to have frequency selective scheduling gain.
- For RBG size 3 with type0 allocation (RBG unit allocation), only two PRB pairs in a RBG (three PRBs) are used for search space in order to reduce the increase the number of RBGs of R-PDCCH for approach 1
If approach 2 is supported, one modification is necessary as follows.

- Aggregation level 4 and 8 are distributed by not using continuous PRBs in VRB or PRB
We discussed follows regardless the search space approaches
- Whether RNs share the search space or not is implementation matter
- Only cell ID is not enough to define RN specific search spaces.
- RN always does BD in both first and second slot
- To start the discussion from maximum number of BD trials is 44
- The granularity of search space indication is RBG based
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