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1. Introduction

In RAN 1 #60bis, the following was agreed: 
· 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
In RAN 1 #61, for UL grant only case (with DMRS or non-interleaving of CRS), the following was agreed:
· UL grants are only transmitted in the second slot (never in the first slot)
· No data transmission in the first slot
· FFS in case of SPS (await any news from RAN2)

· Boundary between UL and DL grants is at the slot boundary
In this contribution we will focus on the interleaving and blind decoding of R-PDCCH under two different RS for R-PDCCH demodulation.
2. The blind decoding of R-PDCCH
2.1 Search space in DM-RS case
In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN. It means that there is no interleaving between R-PDCCHs of different RNs and each RN has its own PRB pairs. 
So eNB would semi-statically configure an aggregation of one or several RN-specific PRB pairs for each RN to carry R-PDCCH. Those RN-specific PRB pairs are all included in the set of PRBs semi-statically assigned for R-PDCCH transmission which can be distributed or localized. 
In the case that each RN searches through PRB by PRB to find its own R-PDCCH, , a new kind of search space based on PRB-level can be defined to further reduce the number of BD. The set of DL grant candidates to monitor are defined in terms of DL grant search spaces. Similarly, the set of UL grant candidates to monitor are defined in terms of UL grant search spaces. Now we will focus on the two different kinds of search space. 
2.1.1 DL grant search spaces
Method 1: Each RN determines its own RN-specific DL grant search space based on RN ID, backhaul subframe number, PRB aggregation level and the number of PRB candidates.
Each R-PDCCH consisting of 
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 logically consecutive PRBs may only start on a PRB fulfilling
[image: image2.wmf]mod0

in

=

, where 
[image: image3.wmf]i

 is the logical number for PRBs. 
DL grant region consists of a set of PRBs, logically numbered from 0 to
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 is the total number of the set of PRBs which is semi-statically assigned by eNB for R-PDCCH. This set of PRBs can be physically distributed or localized. RN shall monitor a set of DL grant candidates for DL grant.

The set of DL grant candidates to monitor are defined in terms of DL grant search spaces, where, for example DL grant search space 
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 is defined by a set of DL grant candidates. Further more, on the premise that the maximum number of BD is 60 like Rel-10 UE; the PRB levels defining the search space are listed below: 
· For
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, the number of DL/UL grant candidates is 4; the size of DL grant search space is 4.

· For
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, the number of DL/UL grant candidates is 4; the size of DL grant search space is 8.

· For
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, the number of DL/UL grant candidates is 2; the size of DL grant search space is 8.
The logical numbers of PRBs corresponding to DL grant candidates 
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 of DL grant search space 
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Note that frequency selective scheduling of R-PDCCH would lose certain gains if 
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 is calculated the same way as Rel-8 PDCCH. Overall, the total number of blind decoding for DL grant is
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Method 2: Plain PRB by PRB blind decoding
The donor eNB semi-statically configures 
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 PRBs for R-PDCCH, with limited PRB-level
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. The corresponding size of DL grant search space to different value of 
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· For
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, the size of DL grant search space is
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. RN shall search through 1st slot of all the 
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· For
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. RN shall search through 1st slot of the total 
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 PRBs at 2-PRB level.

· For
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, the size of DL grant search space is
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. RN shall search through 1st slot of the total 
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 PRBs at 4-PRB level.
Obviously, for method 2, the number of BD for DL grant is 
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 which depends on the total number of PRBs which are semi-statically assigned for R-PDCCH by eNB. 
Method 3: PRB indices for each RN-specific DL grant search space can be assigned statically or semi-statically and indicated to each RN.
The donor eNB shall semi-statically assign 1, 2 or 4 PRBs for R-PDCCH independently to each RN, and then indicate the PRB indexes to each RN by using the common search space. The common search space consisting of one or more PRBs may only start at a PRB which has the lowest indexes of all the PRBs semi-statically assigned for R-PDCCH, i.e., zero in logical. The size of common search space should be further investigated.
By comparing the above three methods, we observe that:
· The blind decoding complexity of Method 3 is lowest, method 2 is highest, and method 1 is between them.

· Method 3 has the biggest limitation for two reasons. First, the PRBs for each RN’s R-PDCCH is semi-statically fixed; Second, new signaling is needed in common search space to indicate the PRBs’ location for each RN’s R-PDDCH which requires more standardization work.
Therefore, method 1 is our preference.
2.1.2 UL grant search spaces
UL grant can only map to the 2nd slot of a PRB pair. Because the available resource of UL grant is about twice as much as that of DL grant, UL grant search space at PRB level 
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 should be considered. Here “twice” is only a rough estimate. The exact numbers depend on the total number of layers for DMRS, CSI-RS patterns, normal or extended CP, multi-cast or unicast subframe and DL timing case. CSI-RS is not factored in the calculations which can be seen in appendix since its pattern is still not decided yet. 
DL grant + UL grant：

In this case UL grant search space depends on DL grant search space. That is to say, in the first RN shall monitor a set of DL grant candidates for DL grant. If a DL grant is detected, the RN shall monitor UL grant on the 2nd slot of an aggregation of one or several RN-specific PRB pairs on which its own DL grant is transmitted. Further more, the 2nd slot of the PRBs which are not used for UL grant transmission can be used to transmit R-PDSCH of the same RN.
UL grant alone：

UL grant shall consist of 1-PRB or 2-PRB and only be transmitted in the 2nd slot, i.e., no data transmission in the 1st slot. Hence UL grant search space can reuse the same method of DL grant search space.

· Method 1：The only difference from method 1 of DL grant search space is that the value of PRB level 
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 is 1 or 2, i.e. 
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. UL grant candidates for each PRB level 
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 is respectively 4 and 2. Overall, the total number of BD for UL grant is 
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· Method 2：The only difference from method 2 of DL grant search space is that the value of PRB level 
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 is 1 or 2. Obviously, the number of BD for UL grant is
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· Method 3：Similar to method 3 of DL grant search space, the common search space is needed which carries some signaling about which PRB indexes is belong to which RN. For example the common search space consisting of 2-PRB or 4-PRB and the corresponding UL grant candidates is 2, so the total number of BD for UL grant is
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Based on the above analysis, in DMRS case, DL grant search space and UL grant search space both depend on PRB level, i.e. DL grant consists of the 1st slot of 1-PRB, 2-PRB or 4-PRB and UL grant consists of the 2nd slot of 1-PRB or 2-PRB.

2.2 Interleaving and search space in CRS case
In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs. It means that R-PDCCHs of different RNs can be interleaved together or not. 

2.2.1 Interleaving in CRS
All of the DL grants are full interleaved or partial interleaved together and then mapped into the 1st slot of PRB pairs; all of the UL grants are full interleaved or partial interleaved together and then mapped into the 2nd slot of PRB pairs. 

The so-called full interleaving means that all the R-PDCCHs in a subframe are interleaved together. The so-called partial interleaving means that PRBs semi-statically pre-configured for R-PDCCH are dived into several subsets. There is no overlap between these subsets. A part of RNs are interleaved together and mapped into one of these subsets. In [3] we have already compared the advantage and disadvantage in table 2 between the two interleaving schemes. And now we will put detailed discussion on the BD number and the corresponding signaling. 
Assuming the size of R-CCE is 36 REs and the aggregation level can only be 1 R-CCE, 2 R-CCE and 4 R-CCE.
· If a signaling is introduced to indicate the actual interleaved region, e.g. the actual number of PRB pairs used for R-PDCCH in full interleaving, or indicate the subset indexes for each RN in partial interleaving:
· For full interleaving, assuming the number of R-PDCCH candidates to 1 R-CCE, 2 R-CCE and 4 R-CCE is 6, 6 and 2 respectively. Hence, the total number of BD is
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· For partial interleaving, due to the total number of R-CCE has greatly reduced, the number of R-PDCCH candidates to 1 R-CCE, 2 R-CCE and 4 R-CCE shall be limited to 4, 2 and 2. Hence, the total number of BD is
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Obviously, in the case of introducing the signaling, the BD number of full interleaving is little more than partial interleaving. 
· If no signaling is introduced: 
· For full interleaving, assuming in the semi-statically preconfigured PRBs for R-PDCCH RN need to perform K times decoding to obtain the actual number of PRB used for R-PDCCH. Hence, the total number of BD is
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· For partial interleaving, assuming semi-statically configured PRBs for R-PDCCH are divided to M non-overlapping subsets, the total number of BD is
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. 
The results showed that if the value of K is limited by using the method in Section 2.2.3, then the complexity of BD in full interleaving will be greatly reduced. 
2.2.2 Search space under interleaving 
DL grant and UL grant both have its respective search spaces. Specifically, DL/UL grant region consists of a set of R-CCEs, numbered from 0 to
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 is the total number of R-CCEs in control region of backhaul subframe
[image: image44.wmf]k

. RN shall monitor a set of DL/UL grant candidates for DL/UL grant. 
The set of DL/UL grant candidates to monitor are defined in terms of DL/UL grant search spaces, where, for example DL/UL grant search spaces 
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· For
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, the number of DL/UL grant candidates is 4; the size of DL/UL grant search space is 4.

· For
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, the number of DL/UL grant candidates is 4; the size of DL/UL grant search space is 8.

· For
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, the number of DL/UL grant candidates is 2; the size of DL/UL grant search space is 8.
The numbers of R-CCEs corresponding to DL/UL grant candidates 
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 of DL/UL grant search space 
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Where 
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 is reused that of Rel-8 PDCCH. Overall, the total number of BD for DL/UL grant is
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2.2.3 Modified blind decoding under interleaving
For DL backhaul, the PRBs for R-PDCCH transmission are semi-statically assigned and the actual number of PRBs used for R-PDCCH can vary dynamically per subframe [2]. So each RN needs to perform blind decoding to figure out the actual PRBs containing the target R-PDCCH. This would increase blind decoding complexity of R-PDCCH if without any restrictions on the search space. Hence, blind decoding complexity of R-PDCCH also depends on the number of PRBs for R-PDCCH. 
In order to reduce the BD number, we shall limit the interleaving region in a semi-static fashion, e.g. RN would only blind decode small number of interleaving regions for R-PDCCH. 
Specifically, for example, assuming N PRBs are semi-statically assigned for R-PDCCH, eNB shall notify RN that R-PDCCH can only be transmitted on, for example, 
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 PRBs actually. Therefore, the total BD number for DL/UL grant is
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3. Conclusion

Based on the above analysis, we can draw the following proposals: 

· Proposal 1 - In DM-RS case, the DL grant and UL grant in a PRB pair shall be for the same RN. There is no interleaving between R-PDCCHs of different RNs and each RN has its own PRB pairs. 
· The BD scheme of DL grant alone and UL grant alone: method 1 is preferred, i.e. each RN will determine its own RN-specific DL grant search space depending on RN ID, backhaul subframe number, PRB aggregation level and the number of PRB candidates. 
· The BD scheme of DL grant + UL grant: in the first RN shall monitor a set of DL grant candidates for DL grant by using method 1, and then RN shall monitor UL grant on the 2nd slot of an aggregation of one or several RN-specific PRB pairs on which its own DL grant stands. 
· Proposal 2 - In CRS case, all of the DL grants are full interleaved together and mapped into the 1st slot of PRB pairs; all of the UL grants are full interleaved and mapped into the 2nd slot of PRB pairs. Blind decoding complexity can be contained by semi-static configuring several interleaving regions.
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Appendix

Table 1: Number of REs for R-PDCCH in unicast subframe with normal CP in DL timing case 1
	
	1st slot/PRB
	2nd slot/PRB

	
	DM-RS with rank>2
	DM-RS with rank<2
	DM-RS with rank>2
	DM-RS with rank<2

	1or 2port
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Table 2: Number of REs for R-PDCCH in unicast subframe with extended CP in DL timing case 1
	
	1st slot/PRB
	2nd slot/PRB

	
	DM-RS with rank>2
	DM-RS with rank<2
	DM-RS with rank>2
	DM-RS with rank<2

	1or 2 port
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Table 3: Number of REs for R-PDCCH in multi-cast subframe in DL timing case 1

	
	1st slot/PRB
	2nd slot/PRB

	
	DM-RS with rank>2
	DM-RS with rank<2
	DM-RS with rank>2
	DM-RS with rank<2

	1or 2 port
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Table 4: Number of REs for R-PDCCH in unicast subframe with normal CP in DL timing case 3

	
	1st slot/PRB
	2nd slot/PRB

	
	DM-RS with rank>2
	DM-RS with rank<2
	Reduced DM-RS
	Shifted DM-RS

	
	
	
	
	DM-RS with rank>2
	DM-RS with rank<2

	1or 2 port
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Table 5: Number of REs for R-PDCCH in unicast subframe with extended CP DL timing case 3

	
	1st slot/PRB
	2nd slot/PRB

	
	DM-RS with rank>2
	DM-RS with rank<2
	Reduced DM-RS
	Shifted DM-RS

	
	
	
	
	DM-RS with rank>2
	DM-RS with rank<2

	1or 2 port
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Table 6: Number of REs for R-PDCCH in multi-cast subframe in DL timing case 3
	
	1st slot/PRB
	2nd slot/PRB

	
	DM-RS with rank>2
	DM-RS with rank<2
	Reduced DM-RS
	Shifted DM-RS

	
	
	
	
	DM-RS with rank>2
	DM-RS with rank<2

	1or 2 port
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