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1. Introduction

According to R1-103426 waiting for email approval, following points were listed and more detailed modes have been continuously discussed on email reflector so far. 
R1-103426:

· Mode 1: Rel. 8 type of REG level interleaving across different R-PDCCHs in a PRB 

· Separate interleavings for DL grants in 1st slots and UL grants in 2nd slots
· Mode 2: no interleaving across different R-PDCCHs in a PRB

· Both modes are supported when CRS is used for demodulation

If the third bullet in R1-103426 above is agreed, i.e. the both modes are supported when CRS is used for demodulation, we can think several design approaches to optimize interleaving operation and resource efficiency of R-PDCCH. However Mode 1-1 and 1-3 shows exactly the same properties except for difference of the number of monitoring set for R-PDCCH search space, while Mode 1-2 has slightly different from Mode 1-1 and 1-3 in that the interleaving depth should be decided by blind decoding of RN. Each mode’s description from email reflector is captured as following.   
Detailed approach based on Mode 1:
· 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 set of the semi-statically assigned PRBs is composed of one or more partitions and the interleaver depth is fixed (or RRC signaled) to the size of one interleaving partition. 
2. R-PDCCH interleaving alternatives
2.1  Mode 1-1 and 1-3
Figure 1 shows the conceptual operation of interleaving (including column permutation), VRB configuration, VRB-to-PRB mapping and its rule which can be commonly applied to Mode 1-1 and 1-3. The following assumptions are based on the description of each mode.
· CCE: 8 REG (32 REs)

· REG: 4REs

· Interleaver: Rel-8 R-PDCCH Interleaver with the same column permutation pattern

· VRB (Virtual RB): 8 REG (for consistency with CCE size)

· System bandwidth: 50RB (e.g. 10MHz)

· Resources semi-statically assigned for R-PDCCH transmission: 8 RB

· Possible R-PDCCH region: 17 PRBs

· RRC configured R-PDCCH region: 8 PRBs
· Interleaving depth: 8 CCEs (Mode 1-1), 4 CCEs (Mode 1-3) 

Regarding interleaving depth, only one interleaving depth (e.g. 8 CCEs in Figure 1) exists in Mode 1-1, and then all the CCEs (from several RNs) are interleaved altogether. It means that RN should monitor the RRC configured R-PDCCH region (i.e. 8 PRBs), which is equivalent to interleaving unit. After de-interleaving, RN searches its own R-PDCCH through blind decoding trials and decodes when CRC is OK. The number of blind decoding depends on the size of interleaving depth (e.g. 4, 8, 16 …) and the number of aggregation level (e.g. 1, 2 and 4 aggregation levels). If the interleaving depth is 8 and aggregation level is 1 or 2 or 4, the number of total blind decoding is 8 (level 1) + 4 (level 2) + 2 (level 4) = 14. Even though this one shot full interleaving may maximize the diversity gain, it leads to the wasted PRB pairs where R-PDCCH PRBs are used for its interleaving. Strictly speaking of diversity gain, we don’t see there’s any benefit of full interleaving in that more than 4RB interleaving depth is usually hard to obtain additional gain proportional to increased diversity order, Rather it leads to unnecessary increase of interleaver complexity.
On the other hand, in Mode 1-3, the interleaving unit can be fixed to one size, e.g. 4 RBs even though RRC configured R-PDCCH region is 8 RBs. In other words, two of 4RB unit interleaving are individually performed compared to Mode 1-1 to support 8RB interleaver depth. Then the number of blind decoding is the same as that in Mode 1-1, i.e. [4(level 1) + 2(level 2) + 1 (level 1)]*2 = 14. This approach makes it possible that active RNs in one interleaving group use the PRB in the other interleaving group where a certain RB is indicated by DL grant RA. As the size of interleaving unit decreases with the granularity of 4RBs (e.g. 8RBs-> 4RBs), RN can decode it successfully even with the small number of blind decoding trials. In that case, eNB can inform RN of the additional monitoring set whose RN’s R-PDCCH may be transmitted. In receiver side, RN will monitor more than one interleaving group to find its R-PDCCH. This operation is naturally possible because RN has blind decoding capability to decode larger interleaving unit, e.g. 16RBs. This can give the flexibility in grouping/selecting RNs for R-PDCCH interleaving as well. It is quite useful when the number of active RNs is varying dynamically in the range from 4 to 5 (only one CCE aggregation level is assumed). Mode 1-1 should always do one 8RB full interleaving while Mode 1-3 can do either one 4RB interleaving in case of smaller than 4RBs or two 4RB interleaving in case of larger than 5 RBs. Mode 1-1 will cause the waste of the unused PRB REGs due to full 8RB interleaving (4 active RNs), but Mode 1-3 can allocate those unused PRBs to other RN or macro UE if required. Considering that the number of active RNs would be changed subframe by subframe (in case that one active RN transmit its own data in every other subframe), the RRC configured interleaving depth determination in Mode 1-1 causes such a problem that it can’t catch up with such a dynamic variation of active RNs, i.e. active CCEs.
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Figure 1: Mode 1-1
 [image: image2.emf]0

0 1 2 3 4 5 6 7 8 910111213141516171819202122232425262728293031

1 2 3 4 5 6 7 0

0 1 2 3 5 6 7 9 10 11 13 14 15

PRB index

(5MHz, 50RBs)

0 1 2 3 4 5 6 7 8 910111213141516171819202122232425262728293031

0

0

0

16824420122821810266221430 117925521132931911277231531

R-PDCCH REG 

mapping in the 1

st

slot (conceptual)

Column permutation: < 1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31, 

0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30>  

VRB Index

Interleaver

(row: variable)

CCE 0 CCE 1 CCE 2 CCE 3 CCE4 CCE5

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 CCE index

0 1 2 3 4 5 6 7 8 910111213141516171819202122232425262728293031

Interleaver

(row: variable)

CCE6 CCE7

Interleaving depth 

(This can be fixed to a single size, e.g.4 CCEs)

Fixed column size (32 columns)

R-PDCCH 

Region/Index

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

117

925

48 49

4 8 12 16

In Mode 1-3, only 4 PRBs that are mapped by VRB are occupied by data, but the other PRB can be used for other data transmission

0

0 1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728293031

Fixed column size (32 columns)

No operation

0 1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728293031

00

No operation

016824420122821810266221430 117925521132931911277231531

521

1329

319

1127

723

1531

016

824

420

1228

218

1026

622

1430

VRB-to-PRB Mapping Rule 

A

v

a

i

l

a

b

l

e

A

v

a

i

l

a

b

l

e

A

v

a

i

l

a

b

l

e

A

v

a

i

l

a

b

l

e

Interleaving depth 

(This can be fixed to a single size, e.g.4 CCEs)


Figure 2: Mode 1-3

Figure 3 shows the functional block diagram of interleaving and mapping. Especially the R-PDCCH interleaving output (i.e. interleaved REGs) are assembled by unit of VRB such that 8 REGs in Figure 1 and 2 forms one VRB (virtual resource block) which was used for RB allocation for PDSCH in Rel-8. Regardless of Modes, VRB-to-PRB mapping rule would be required for mapping VRB index accordingly to R-PDCCH PRB index configured by RRC signaling.
 [image: image3.emf]R-PDCCH CCEs

(with logical CCE 

index)

R-PDCCH REG 

Interleaving (incl. 

column permutation)

Forming Virtual RB

(this concept was 

already used for 

PDSCH RA)

Physical RB

Forming Virtual RB De-interleaving R-PDCCH decoding

PRB 

Mapping

PRB 

De-mapping


Figure 3: Functional block diagram for R-PDCCH interleaving and VRB-to-PRB mapping
2.2  Mode 1-2
The overall interleaving and mapping procedure and operation is similar to Mode 1-1 and Mode 1-2. The main difference is that RN should find out the interleaving depth because eNB doesn’t inform the RN of interleaving size, e.g. 8RB or 4RB. Instead, eNB and RN should share the granularity of interleaving depth to be blind-decoded by using RRC semi-statically or in the initial setup phase. For example, if the granularity is 4RB and RRC configured RB is 8RB, RN will try to find out the blind decoding depth. First of all, RN tries to decode the entire 8RB (0-to-7) assuming 8RB is interleaving depth. If it fails, RN tries again to decode the reduced 4RB (0-to-3) in Figure3. This procedure will be done repeatedly until RN knows the exact depth of interleaving performed by eNB. Finally RN can decode its own DL grant or UL grant in the range from CCE#0 to CCE#2. In this example, total number of blind decoding is [8(level1)+4(level2)+2(level4)]+ [4(level1)+2(level2)+1(level4)] = 14+7 = 21, which is larger than that in Mode 1-1 and Mode 1-3. 
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Figure 3: Mode 1-2

3. Conclusion
We identified three modes which are discussed to some extent in email reflector. It was shown that the proposed Mode 1-3 requires the same number of blind decoding as Mode 1-1 while supporting the flexibility of dynamic resource adaptation of Mode 1-2. In addition, we don’t think there’s any complexity problem when introducing the concept of multiple RRC signaled monitoring sets. Therefore, we suggest that Mode 1-3 is used for interleaving approach for CRS. 
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