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1. Introduction
R-PDCCH blind decoding complexity or the number of blind decoding trials depends on the design of R-PDCCH SS (Search Space) configuration which is related to how to set the interleaving depths in interleaved R-PDCCH case or how to configure R-PDCCH SS (Search Space) PRBs in non-interleaved case [1]. In addition, the number of blind decoding trial is directly related to the number of DCI formats to be supported. In this contribution, consideration points to reduce blind decoding complexity are briefly addressed.
2. Consideration on R-PDCCH Blind Decoding

Necessity of fallback mode (or a default DCI format): 
In general, when backhaul link become unstable, eNB-to-RN will operate with fallback mode by using a predefined DCI format in physical layer before going into link failure procedure in high layer. According to RAN2 agreement when Un link failure occurs, RN shall go into RN’s UE mode (not RN’s RN mode). It means that RN will release all the connections from UEs attached to the RN while will try to recover backhaul link to eNB (reconnection to eNB) by using PRACH such as initial access procedure of UE. Until the Un link is completely restored, RN will not accept any UE connection. 
Here we discuss whether physical payer link protection procedure is required on top of the high layer link recovery procedure in Un link. 

As mentioned before, there might be two steps of recovery procedures to maintain or recover backhaul connection; one is to fallback Un link in physical layer level and the other is to recover backhaul link in high layer level. Considering Un link has quite a good channel condition, fallback operation seldom occurs. Even though there’s no fallback mode, high layer recovery procedure (by PRACH) is enough to restore Un link. In order for fall back mode to be supported, RN has to have additional blind decoding capability to decode fallback mode DCI format successfully. Almost doubled complexity leads to severe restriction to RN’s aggregation level or R-PDCCH search space configuration, which may cause ultimately performance degradation. In addition fallback mode is not normal mode, the achievable capacity is very limited. Therefore instead of striving for maintaining such kind of unusual backhaul transmission connection, it would be better to start initial PRACH procedure, regarding Un link status as Un link failure. If there’s no attractiveness in use of the fallback mode, rather it increases blind decoding complexity, it is questionable whether to use such a fallback mode in backhaul link. Consequently, our preference is not to introduce additional DCI format for the purpose of fall backing of Un link.
On the need of separate UL grant blind decoding:

Not to increase blind decoding complexity more than that of LTE UE (e.g. 44) or LTE-A UE, the number of DL grant blind decoding should decrease when UL grant blind decoding is allowed separately. In non-interleaving case, it is desirable that both DL grant and UL grant are placed in the same PRB pair or RBG in the frequency localized scheduling perspective. If DL grant SS PRB can be implicitly tied with UL grant SS PRB and RN can be informed of the implication, it is unnecessary to search entire UL grant SS PRB. If UL grant can be decoded without blind search, the number of total blind decoding can be reduced to around 1/2 or DL grant SS PRB with finer granularity can be configured or DL grant with higher aggregation level can be supported in the condition of the same RN capability. Therefore we propose that blind decoding is carried out only for DL grant. FFS is how to inform RN of UL grant placement.
However in UL grant alone case, RN should search entire UL grant SS configured in RN-specific manner. In this case, DL dummy grant which indicates UL grant transmission can be introduced. This DL dummy grant can be tied to UL grant alone which enables to avoid of UL grant blind decoding as mentioned earlier. In interleaved R-PDCCH case, even though DL dummy grant is not introduced, the PRB resource is wasted because it can’t be used for data transmission [2]. Since the 1st slot in UL grant alone case can’t be used for data transmission, the resource will be always wasted. It’s better to introduce DL dummy grant so that unnecessary UL blind decoding can be avoided. Therefore we propose to use DL dummy grant in UL grant alone case.  

Estimating the number of blind decoding:

Let’s assume that only one DCI format is supported and UL grant blind decoding is not required and 4 PRBs are configured for R-PDCCH search space. Then 4 BDs is typically required in case R-PDCCH CCE is not aggregated (level 1), 2 BDs is required in case of aggregation level 2 and one BD is required in case of aggregation level 4. In this case, 4+2+1=7 BDs are required. In the same manner, in case of 16 PRBs, 16 BDs (level 1) + 8 BDs (level 2) + 4 BDs (level 4), i.e. 28 BDs are required. Taking 44 BDs of LTE UE into consideration, R-PDCCH search space can be configured up to 24 PRBs, i.e. 24(level 1) + 12 (level 2) + 6 (level 4) = 44 BDs. Under the proposed assumptions, RN can have comparable blind decoding complexity as well as reasonable SS configuration. 
Blind decoding according to SS configuration:

In general, R-PDCCH Search Space is configured by RN specific RRC signaling. It was noted above that 44 blind decoding trials per RN are required for 24RBs (about a quarter of 100RB, i.e. 20MHz system bandwidth). Then how eNB configure 24RBs in frequency domain? One approach is that each RBG contains only one search space PRB. Considering blind decoding complexity, RN can blindly search at least 25RBs which are sparsely distributed or over entire bandwidth. In that case, multiple RN-specific signals containing identical bitmap information is transmitted to multiple RNs respectively. This is the same operation as all the RNs receive the same bitmap information. We propose in non-interleaved R-PDCCH case that all the RNs have the same R-PDCCH search space which is configured in predefined manner, e.g. the set of PRB with the lowest RB index within each RBG. 
Differently in interleaved R-PDCCH case, R-PDCCH interleaving depths should not be larger than the number of REGs in a PRB [4]. Otherwise the PRBs not containing (a part of) interleaved R-PDCCH are not used for data transmission and then it will be wasted. So interleaving depths should be defined according to the number of REGs in a PRB and it should typically be 4RBs. If the number of RNs is 7, they are grouped into two (one group consists of 4RNs, the other group consists of 3RNs) and each group is individually interleaved by using 4RB interleaving depth (so called, partial interleaving). We propose 4RB search space configuration for interleaved R-PDCCH case.
3. Conclusion
Proposal:

· Not introducing additional DCI format for the purpose of fall-backing of UN link.

· Blind decoding is carried out only for DL grant search space
· No blind decoding of UL grant, which is associated with DL grant search space 

· Use of DL dummy grant in case of UL grant alone
· In non-interleaved R-PDCCH case, all the RNs have one common R-PDCCH search space sparsely distributed over entire system bandwidth.

· In interleaved R-PDCCH case, 4RB search space configuration is baseline
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