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1 Introduction
Currently, both type 1 and type 2 relays are under discussion in RAN1 for LTE-A. In the August meeting (3GPP TSG RAN WG1 Meeting #58), [1] was discussed with regard to some issues of type 2 relay.  One of the issues mentioned in [1] was the difficulty in detection of PDCCH addressed to UEs subservient to the type 2 relay.   This issue arises when the type 2 relay and the UE both attempt to decode the PDCCH as described in Section 2.2 of [1].  In this contribution, further details on the number of blind decodings of PDCCH that the type 2 relay needs to perform are provided.
It is shown that the type 2 relay may need to perform a large number of blind decodings of the PDCCH before it can decode the PDSCH and forward the data. If type 2 relay is to be adopted into LTE-A, this issue needs to be addressed.
2 Review of PDCCH Detection for Regular UEs 
In this section, the blind decoding of PDCCHs for regular UEs is briefly reviewed. On the downlink, the control region consists of a set of CCEs, numbered from 0 to 
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. Depending on the DCI size and the desired channel coding rate, a PDCCH may occupy {1, 2, 4, 8} CCEs. The UE shall monitor a set of PDCCH candidates for control information in every non-DRX subframe. In other words, the UE shall attempt to decode each of the PDCCHs in the set according to all the monitored DCI formats. The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space 
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 is defined by a set of PDCCH candidates. The UE shall monitor one common search space at each of the aggregation levels 4 and 8 and one UE-specific search space at each of the aggregation levels 1, 2, 4, 8.  While the common search space occupy the same CCEs for all UEs for a given aggregation level, the UE-specific search space is intended to occupy different CCEs for different UEs. 
The number of PDCCH candidates is tabulated in Table 9.1.1-1 of 3GPP TS 36.213, which is copied below. 

Table 9.1.1-1: PDCCH candidates monitored by a UE.

	Search space 
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	Number of PDCCH candidates 
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	Type
	Aggregation level 
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	Size [in CCEs]
	

	UE-specific
	1
	6
	6

	
	2
	12
	6

	
	4
	8
	2

	
	8
	16
	2

	Common
	4
	16
	4

	
	8
	16
	2


The DCI format to decode in the search spaces depends on the transmission mode, but at least the format 1A will always be tested. According to 3GPP TS 36.213, two DCI formats are possible for each PDCCH candidate in the common search space, and one or two DCI formats are possible for each PDCCH candidate for a given mode in the UE-specific search space. Thus, a UE may perform up to 44 blind decoding attempts in a subframe to detect its PDCCHs.
3 Blind Decoding of UE’s PDCCHs by Type 2 Relay  

In this analysis, we assume that the type 2 relay knows which UEs are served by it. Exactly how this decision is made and how the type 2 relay obtains this knowledge is FFS. Additionally, it is assumed that the PDCCH is intended for the UE (i.e., the CRC bits are scrambled with the UE’s RNTI), with the type 2 relay listens in. In other words, both the type 2 relay and the UE attempt to decode the same control channel as described in Section 2.2 of [1].  For a type 2 relay to decode-and-forward its UE’s data carried on PDSCH, the corresponding PDCCH needs to be detected first. Similarly, if the type 2 relay needs to assist with UE’s uplink transmission, it needs to detect the uplink scheduling grants of its subservient UEs. Here we focus on relaying PDSCH without losing generality. 
Let NUE be the number of UEs served by the relay. To be able to decode the PDSCH and forward the data to each UE, the type 2 relay needs to detect the PDCCHs for each of the NUE UEs.
The number of blind decodings the type 2 relay needs to perform can be counted as below. 

· For common search space, since the search space and the RNTIs are shared by all UEs, the number of blind decodings does not scale by NUE. The number of blind decodings the type 2 relay need to perform is (4+2)(2=12;
· For UE-specific search space, both the search space and the RNTIs are different between UEs. Thus the number of blind decodings may scale by NUE, if the relay attempts to scan each UEs search space one-by-one. If a mode in use has two possible DCI formats, then the number of blind decodings and CRC checks is (6+6+2+2) (2 ( NUE = 32 ( NUE.
Thus the type 2 relay needs to perform up to ( 32 ( NUE + 12 ) blind decodings. While some ways may be devised to reduce the number of decodings somewhat, it is expected that the type 2 relay still needs to perform a large number of decodings when NUE is large, especially when the bandwidth is wide.
There are at least two issues if the number of blind decodings becomes large. 

· The relay may need to build in multiple parallel Viterbi decoders and CRC decoders so that the large number of decodings can be finished. Since the number of UE the relay needs to serve may fluctuate, the relay may have to cap NUE to a fixed maximum value, and build for the max. This would increase the complexity and power consumption of the relay. 

· On the other hand, the reliability of CRC will be compromised if a large number of CRC checks are performed. If the CRC passes falsely, the relay will mistakenly proceed with the corresponding PDSCH decoding (which should fail) if the PDCCH is for downlink assignment. 
These problems may be alleviated somewhat by devising an efficient detector in the relay. Alternatively, a special channel, such as R-PDCCH, may be added to provide side information from the eNodeB to RN a priori.  What should be sent on R-PDCCH and how to send it are not trivial and need to be investigated carefully.

4 Conclusions  

In this document, we analyzed the number of blind decodings of PDCCHs that need to be performed by type 2 relay.  It is shown that the number of blind decodings increases significantly as the maximum number of UEs to be served by the relay grows.  This would increase the complexity and power consumption of the relay and would compromise the reliability of CRC of PDCCH at the relay. If type 2 relay is to be adopted into LTE-A, this issue needs to be addressed.
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