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1 Introduction
R-PDCCH, as a key channel of backhaul link, has been one of the focusing areas of relay in recent meetings. While some consensus was reached in RAN1-57bis, there are still a number of design aspects that cannot be agreed upon, e.g., the start and end of OFDM symbol used for R-PDCCH, resource assignment for R-PDCCH transmission, R-REG size, blind decoding, DMRS, whether R-PHICH is used or not, etc. Most companies agree that R-PDCCH design should be able to reuse Rel-8 functionalities as much as possible, with certain simplified procedures if necessary. Guided by this general principle, we will discuss some considerations of R-PDCCH design.
2 Discussion

2.1 The start of OFDM symbol used for R-PDCCH
It has been agreed that for the R-PDCCH, “is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it”. There would be three possible solutions:
· RN assumes maximum number of eNB PDCCH symbols.
· RN is notified via RRC signaling including maximum number of eNB PDCCH symbols.
· RN reads eNB PCFICH by shifting access link. (e.g., staggering of backhaul and access link)
In the first solution, RN shall always assume that number of OFDM symbols for PDCCH when 
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 is 4. Therefore, the preferable starting of RN’s control and traffic is 4th or 5th OFDM symbol. When the number of DL PRBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol, otherwise, RN starts receiving its control and traffic from 4th OFDM symbol. Here, only a small percentage of frequency resources are wasted during the “waiting” symbols.
In the second solution, the maximum number of eNB PDCCH symbols is semi-static since RRC signaling is semi-static. We know that the actual number of PDCCH symbols is dynamically changing via PCFICH signaling in order to adapt to the ever-changing control channel load. So unless PCFICH or the actual number of PDCCH symbols keep the same until the next RRC signaling, Solution 2 would not save much of resources.
The third solution is essentially the “with staggering” scheme where the RN can receive eNB’s PCFICH and PDCCH as seen in Figure 1. A visible disadvantage is interference between PDCCH for relay served UEs and PDSCH of macro-UEs.
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Figure 1: Backhaul link control channel structure
2.2 Resource assignment for R-PDCCH transmission
It has been agreed that for the R-PDCCH, “Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH”. This means that R-PDCCH is semi-statically assigned in frequency domain and dynamically or semi-statically varied in time domain. Therefore, semi-static and dynamic signaling need be studied. Since the dynamic configuration needs to be signaled before RN can demodulate R-PDCCH, such signaling should be carried on the certain physical channel, e.g, R-PBCH or R-PCFICH. There are three possible schemes: 
· R-PBCH semi-statically assigns the number and position of RBs in frequency domain and R-PCFICH (like PCFICH) dynamically assigns the number of OFDMs in time domain.
· R-PBCH semi-statically assigns the number and position of RBs in frequency domain and the number of OFDMs in time domain.
· R-PCFICH semi-statically assigns the number and position of RBs in frequency domain and the number of OFDMs in time domain.

2.3 The end of OFDM symbol used for R-PDCCH
In email discussions, three schemes were proposed regarding the end of OFDM symbol for R-PDCCH: specification-based, semi-static and R-PCFICH. The prevailing view is the first scheme.
2.3.1 Specification-based
For FDM, the last OFDM symbol in the subframe used for R-PDCCH ending, or the second last OFDM symbol in the subframe considering the last OFDM symbol reserved for switching; For FDM+TDM, the last OFDM symbol in the first slot used for R-PDCCH ending. Here, we assume the starting of R-PDCCH is specification-based. The actual numbers of OFDM symbols used for FDM+TDM R-PDCCH can be seen in Table 1. Note that there is less number of OFDM symbols used for R-PDCCH for system bandwidth = 1.4MHz.
Table 1: The end of OFDM symbol used for R-PDCCH
	Bandwidth
	1.4MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	RBs
	6
	15
	25
	50
	75
	100

	The start
	#4
	#3
	#3
	#3
	#3
	#3

	The end
	N-CP：#6

E-CP：#5
	N-CP：#6

E-CP：#5
	N-CP：#6

E-CP：#5
	N-CP：#6

E-CP：#5
	N-CP：#6

E-CP：#5
	N-CP：#6

E-CP：#5

	Symbol

number
	N-CP：3

E-CP：2
	N-CP：4

E-CP：3
	N-CP：4

E-CP：3
	N-CP：4

E-CP：3
	N-CP：4

E-CP：3
	N-CP：4

E-CP：3


2.3.2 Semi-static or R-PCFICH
Semi-static or R-PCFICH scheme means that the number of OFDM symbols for R-PDCCH can change, and it is necessary to analyze the overhead of R-PDCCH. Here, assuming eNB communicate with 1 RN or 10 RNs simultaneously, assuming each RN’s control information corresponding to one R-CCE consisted of 36 REs. A rough estimate of the overhead of R-PDCCH is shown in the Table 2 without considering R-PCFICH, R-PHICH, backhaul link reference signals and CRS overhead.
Table 2: Estimated overhead of R-PDCCH
	
	10 RNs
	1 RN

	1 OFDM symbol
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	2 OFDM symbols
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	3 OFDM symbols
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	4 OFDM symbols
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In Table 2, it is seen that at least 30 PRBs are needed for R-PDCCH (thus cannot be scheduled for Rel-8 UEs) when eNB communicates with 10 RNs and only 1 OFDM symbol is used for R-PDCCH. For moderate bandwidth operation, e.g., 10 to 20 MHz, that overhead is very significant. Therefore, we propose the number of OFDM symbols used for R-PDCCH is greater or equal than 2 for all system bandwidth in FDM+TDM type of allocation.
2.4 R-REG size
Assuming unicast normal CP subframe for backhaul link, the start of OFDM symbol would be 4th OFDM symbol, and CRS would exist in 5th OFDM symbol. If Rel-8 LTE design principle is followed, there would be little change in the size of R-REG. According to LTE’s specification, the size of R-REG is 6 REs with RS or 4 REs without RS, i.e., a symbol-quadruplet is mapped to a resource-element group.
On the other hand, the size of R-REG can be smaller, e.g., the size of R-REG is 3 REs with RS or 2 REs without RS. So it is possible to change to “mapping to a symbol-duplation” to “mapping to a resource-element group.” Potential gain can be evaluated via performance simulation with backhaul link.
Certainly, the size of R-REG can be bigger, such as the size of R-REG is 8 or 10 or 12 REs. When a symbol-xyz is mapping to R-REG, the R-REG which has bigger size may stride over boundary of RB. 
2.5 Blind decoding of R-PDCCH

For the blind decoding of R-PDCCH, RN-common search space has been agreed as the baseline. It is still FFS on whether to support RN-specific search space. Considering the good channel condition of the backhaul link where high-order MCS can be used for R-PDCCH, and also the number of RNs in a donor eNB supposedly less than 10, there would be limited number of R-PDCCHs per subframe. The overhead estimation is seen in section 2.3.2.

For RN-specific search space, if different R-PDCCHs of different RNs are interleaved together, we can reuse the design of UE-specific search space in Rel-8 LTE. On the other hand, dedicated RN-specific search space can be configured for each RN. That means different R-PDCCHs of different RNs are not interleaved together and placed on independent PRBs. RN can monitor a set of PRB candidates for control information. Two alternatives are proposed.
· Alternative 1: Each RN will determine its own RN-specific search space depending on RN ID, backhaul subframe number, RB aggregation level and the number of PRB candidates.

· Alternative 2: The lowest RB index of the RN-specific search space can be reserved statically or semi-statically.

2.6 DMRS

LTE-A supports PDSCH being transmitted also in MBSFN subframes that are not used for MBMS, which means that downlink backhaul transmission may also occur in donor-cell’s MBSFN subframes where there is no CRS in backhaul link. In this case, DMRS could be used for relay to perform coherent demodulation as being discussed for Rel-10 UE. However, R-PDCCH demodulation via DMRS needs some careful consideration.
When R-DCIs are interleaved, R-PDCCH is cell-specific to RNs, hence the relay needs cell-specific RS to perform R-PDCCH demodulation. However, DMRS discussed for LTE-A UE is user-specific, and will subject to the precoding operation as for PDSCH. Therefore, it does seem feasible for RN to demodulate the cell-specific R-PDCCH through precoded user-specific DMRS. A solution to this problem is to introduce new non-precoded demodulation RS in backhaul downlink targeting R-PDCCH demodulation. Mapping resources of demodulation RS may be the resources assigned for R-PDCCH. Because of the stable channel condition of backhaul link, such RS overhead will be relatively small. Moreover, design principles of this RS should include considerations on R-REG size.
If there is no interleaving operation before resource mapping, R-DCIs can be user-specific same as data of R-PDSCH, DMRS for R-PDSCH could be used for R-PDCCH demodulation, e.g., beamforming mode used for R-PDCCH transmission.

2.7 R-PHICH is used or not
There are both pros and cons on whether to have R-PHICH. If there is no specific physical channel to carry ACK/NACK, i.e., R-UL grant is needed for UL HARQ in backhaul link. While the adaptive HARQ via R-UL grant provides more flexibility and potential for performance optimization, it requires more signaling overhead compared to explicit ACK/NACK. Since the backhaul link quality is relatively stable, the average number of HARQ retransmission for UL backhaul link is smaller than UL direct link or access link, meaning the less chance of adaptive retransmissions. Therefore, explicit ACK/NACK is more effective than adaptive HARQ. In another word, R-PHICH needs to be introduced for backhaul link.

Currently, LTE-A supports UL single-user spatial multiplexing (SU-MIMO) and up to two transport blocks can be transmitted from a scheduled UE in a subframe per UL component carrier. UL spatial multiplexing can also be supported in backhaul link. In such case, each transport block may have its own ACK/NACK feedback signaling. A straightforward way is QPSK modulation corresponding to 2 bits ACK/NACK as seen in Figure 2. Here, backhaul DL ACK/NACK can be bit-wise or symbol-wise repeated and multiplied with an orthogonal sequence, thus reducing the number of RNs multiplied in one R-PHICH group.
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Figure 2: R-PHICH with QPSK modulation
3 Summary
Several aspects regarding to control channel were discussed. In this contribution we proposed:
· Starting point for R-PDCCH
· When the number of DL PRBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol
· Otherwise, RN starts receiving its control and traffic from 4th OFDM symbol
· Resource assignment for R-PDCCH transmission
· Use R-PBCH or R-PCFICH to assign time and frequency resource for R-PDCCH
· Semi-static configuration of the end of OFDM symbol used for R-PDCCH

· The number of OFDM symbol used for R-PDCCH is greater or equal than 2
· R-REG size

· It depends on performance simulation with backhaul link
· Blind decoding

· Rel-8 design can be reused if R-PDCCHs are interleaved together 
· Blind decoding base on RB aggregation level can be used if R-PDCCHs are not interleaved
· DMRS

· Non-precoded DMRS when R-DCIs are interleaved
· Precoded DMRS when R-DCIs are not interleaved
· R-PHICH
· Using explicit R-PHICH to fulfill HARQ in backhaul link
· Rel-8 design of PHICH can be reused
· QPSK modulation corresponding to ACK/NACK of two transport blocks
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