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1 Introduction

This contribution discusses multiplexing structure for the DL backhaul physical control channel (R-PDCCH). During previous RAN1 meeting and email discussion, R-PDCCH design issues such as multiplexing, start time symbol, interleaving, etc., were discussed [1-7], but no conclusion was reached although the commonalities in the various proposals are better understood. Important issues to be decided are whether to employ TDM/FDM hybrid structure or pure FDM structure for the R-PDCCH, and also we need to decide on interleaving structure for R-PDCCH. In order to progress on these issues, this contribution examines technical aspects related to the multiplexing issues including the R-CCE size, the search space, and the number of blind decodings.

2 Backhaul channel structure 
2.1 TDM/FDM hybrid versus pure FDM
There are two structures to consider for R-PDCCH multiplexing (TDM/FDM hybrid, pure FDM). Figure 1 shows the conceptual TDM/FDM hybrid and pure FDM R-PDCCH structures. With considering multiplexing structure shown in the figure, there are pros and cons in both schemes. In the TDM/FDM hybrid, the R-PDCCH transmission is limited to a few symbols within the 1st slot, thereby allowing low decoding latency and smaller size for the R-PDCCH transmitted in a PRB. This can reduce the required buffer size for R-PDSCH compared to the pure FDM approach, as R-PDSCH decoding can start from the beginning of the 2nd slot. Also, in view of frequency and interference diversity, TDM/FDM hybrid structure can achieve higher diversity gain as more PRBs are used to transmit a R-PDCCH. On the other hand, with the pure FDM, R-PDCCH transmission extends up to the 2nd slot end. This can increase the required buffer size and the decoding delay of R-PDSCH, as R-PDCCH decoding can be completed only after the end of the subframe and thus R-PDSCH decoding cannot start until then. In view of multiplexing between other channels in the subframe, FDM structure can allow cleaner PRB-wise multiplexing of R-PDCCH with PDSCH and R-PDSCH. Thus, Rel.10 DRS can be reused without change. However, both structures have resource fragmentation issue. For example, for FDM structure, if multiple R-CCEs are multiplexed into one PRB and somes of those R-CCEs are not assigned to any RN, the pre-configured PRB is not fully utilized and some resources are left unused. InTDM/FDM hybrid case, there can be no transmission in 2nd slot, if eNB only transmit UL grant with no data transmission. Moreover, if PRBs are pre-configured for R-PDCCH but not used for that, those PRBs can be scheduled for R-PDSCH transmission but only for 2nd slot or should be scheduled only for PDSCH. 
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Figure 1. DL backhaul channel
We are neutral for both TDM/FDM hybrid and pure FDM backhaul transmission as both approaches have some benefits and drawbacks and we do not think the differences are critical. Thus, subsequent discussions focus on both TDM/FDM and FDM for the R-PDCCH multiplexing. The preferred CCE multiplexing structure and the number of blind decoding operations can be different depending on the R-PDCCH multiplexing.

2.2 Semi-static R-PDCCH resource allocation

For DL backhaul, the PRBs for R-PDCCH transmission will be semi-statically assigned and the actual resources used for R-PDCCH transmissions can vary dynamically between subframes. Then, it can happen that not all the semi-statically assigned PRBs are used for R-PDCCH in certain subframes. The PRBs used for R-PDCCH transmissions can vary subframe by subframe, e.g., depending on the number of scheduled RNs, preferred PRBs for PDSCH transmissions for macro UEs, etc. Whether to configure contiguous PRBs or scattered PRBs or scattered groups of contiguous PRBs can be decided by the donor eNB, as per the decision in RAN1#59b last January. Each RN should perform blind decoding in order to identify on which PRBs among the pre-configured resources its R-PDCCH is sent. The number of semi-staticaly assigned PRBs can be carefully decided based on number of allowed BDs and number of RNs in a cell. Complexity of the blind decoding is closely related to the number of the semi-statically assigned PRBs for the RNs when only common search space is supported.
2.3 DCI size and R-CCEs of R-PDCCH
The Rel.8 DCI formats can be re-used for scheduling PDSCH reception and PUSCH transmission at the RN. Some fields in the respective DCI formats may change due to the characteristics of the backhaul channel (e.g. number of MCS level) but most of fields in DCI formats will be the same. Without changing the DCI payload size, it seems reasonable to use similar size of Rel.8 CCE (number of REs in CCE) for the R-PDCCH. For TDM/FDM, if the eNB configures the R-PDCCH region from the forth symbol to the last symbol in the first slot, 32 REs can be used per PRB. For pure FDM, the R-PDCCH region is in both first and second slots and 96 REs can be used per PRB. In order to have similar CCE size as for the Rel.8 PDCCH, it is reasonable to define 1 R-CCE per PRB (32 REs for R-CCE) for TDM/FDM and 2 R-CCEs per PRB (48 REs for R-CCE) for pure FDM in. 
Table 1 shows number of R-PDCCH bits of each R-PDCCH format. The amount of REs in one R-CCE is calculated considering that both Rel.8 CRS and Rel.10 DRS are transmitted in the DL backhaul subframe and assuming QPSK modulation (FFS for higher modulation scheme). Whether to reuse the Rel-8 REG structure and REG mapping within one R-CCE is FFS.

Table 1. Rel.8 PDCCH size and R-PDCCH resources
	
	Size of Rel.8 CCE
	
	Size of R-PDCCH REs per one PRB

	
	
	
	TDM/FDM hybrid
	Pure FDM

	Normal subframe
	36
	
	32
	96

	MBSFN subframe
	36
	
	36
	112


Using 1 R-CCE per PRB for TDM/FDM and 2 R-CCEs per one PRB for pure FDM, there is no R-CCE multiplexing within a PRB with TDM/FDM. On the other hand, for pure FDM, 2 R-CCEs from different R-PDCCHs can be multiplexed within one PRB. If interleaving is to be adopted, it is reasonable to use R-CCE level interleaving in various aspects, e.g., PDSCH transmission in unused PRBs, and simple DL RS structure, etc. With REG level interleaving, it is difficult to guarantee that the REGs remaining after mapping to R-PDCCHs are utilized for transmission of other physical channels. On the other hand, with CCE level interleaving, a single R-CCE or multiple R-CCEs will fit into one PRB, and it is easy to utilize for PDSCH transmission. 
Figure 2 shows an example for CCE-level interleaving and CCE mapping of 2 R-PDCCHs which are transmitted in 4 CCEs. The 4 CCEs are pre-configured for DL backhaul with common search space and 2 RNs are scheduled (RN1 is assigned CCE #0 and CCE #1 with aggregation level 2, RN2 is assigned CCE # 2, 3 with aggregation level 2,). In Figure 2, it is assumed that CCEs belonging to the same group of preconfigured PRBs are interleaved together and each R-PDCCH can be allocated in distributed PRBs in the group configured by the eNB. For TDM/FDM, one CCE can be utilized two distributed PRB.  For pure FDM, two CCEs are utilized half of PRBs; divide 12 subcarriers into 6. 
Proposal
· R-CCEs per PRB for both normal and MBSFN subframe
· TDM/FDM: 1 R-CCE per PRB

· Pure FDM: 2 R-CCEs per PRB 
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Figure 2. CCE-level interleaving of R-PDCCH
2.4 Search space of R-PDCCH

In LTE, the UE needs to perform blind decodings for PDCCH detection in both the UE-common and the UE-specific search spaces. In the UE-common search space, the UE examines the first 16 CCEs. As decided as a baseline, the UE-common search space concept can be adopted for R-PDCCH decoding if a limited number of RNs are configured in respective DL backhaul subframes. However, if many RNs are placed in a cell, the eNB should semi-statically configure a large number of PRBs for potential R-PDCCH transmissions to the RNs. Then, the number of blind decoding can substantially. To solution this, eNB can divide RNs into multiple groups and semi-statically configure different PRBs to each group to limit number of blind decoding complexity only with common search space. 
Table 2 shows the number of blind decodings needed to detect R-PDCCH when only common search space is defined for RN for TDM/FDM and pure FDM. According to the assessment in Table 2, in case that, less than about 5~6 R-RNs are configured in a backhaul subframe, defining common search space only may be sufficient. With reliable backhaul link quality and LOS path between the donor eNB and the RN, the 8-CCE aggregation level is not likely to be necessary for the R-PDCCH. With a maximum of 4-CCEs aggregation level and 16 CCEs in a total search spce for a RN, 16 RBs (TDM/FDM; only 1st slot is used and number of symbols is known by RN) or 8 RBs (pure FDM) should be pre-configured for transmitting R-PDCCH. Then, a RN needs 56 BDs to receive the R-PDCCH. It is also noted that not all the R-PDCCHs of RNs in a cell are scheduled simultaneously in one DL backhaul, but it seems more studies on the blind decoding complexity issues are needed.
Proposal

· Defining common search space only is sufficient if no more than 10 R-PDCCHs are to be transmitted per DL backhaul sub-frame.
· FFS: RN specific search space or  RN-group specific search space
Table 2. Number of blind decoding trials in case with only common search space
	Number of CCEs
	16
	24
	32
	40

	Number of RBs

Allowed

CCE aggregation level
	16RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps14 \o\ad(\s\up 7(TDM+FDM),hybrid))
	8RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps18 \o\ad(\s\up 7(pure),FDM))
	24RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps14 \o\ad(\s\up 7(TDM+FDM),hybrid))
	12RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps18 \o\ad(\s\up 7(pure),FDM))
	32RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps14 \o\ad(\s\up 7(TDM+FDM),hybrid))
	16RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps18 \o\ad(\s\up 7(pure),FDM))
	40RB

(EQ \* jc2 \* "Font:Times New Roman" \* hps14 \o\ad(\s\up 7(TDM+FDM),hybrid))
	20RBs

(EQ \* jc2 \* "Font:Times New Roman" \* hps18 \o\ad(\s\up 7(pure),FDM))

	1, 2
	48
	72
	96
	120

	1, 2, 4
	56
	84
	112
	140

	1, 2, 4, 8
	60
	90
	120
	150


3 Conclusion

This contribution considered the R-PDCCH multiplexing structure. In particular, the following are proposed:
· Neutral for any multiplexing scheme (TDM/FDM hybrid or pure FDM)
· The number of R-CCEs per PRB

· TDM/FDM: 1R-CCE per PRB 

· FDM: 2 R-CCEs per PRB 

· CCE-level interleaving, instead of REG-level interleaving
· Defining common search space only may be sufficient if several R-PDCCHs are to be transmitted per DL backhaul sub-frame
· FFS: RN specific search space or  RN-group specific search space
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