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1 Introduction

In RAN1#57 and 57Bis meetings, significant progress has been made to Relay Type 1 backhaul resource assignment [2-3]. Among others, it was agreed the following R-PDCCH control resource allocation:

“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”.
In the above agreement, the following three issues are at least open in the study item phase:

a) Multiplexing scheme for R-PDCCH and R-PDSCH/PDSCH channels.
b) Whether the R-PDCCHs for all relays are multiplexed and interleaved (i.e. common R-PDCCH control channel) or whether each relay has its own separate R-PDCCH within the semi-statically assigned PRBs for R-PDCCH transmission (i.e. relay specific R-PDCCH control channel).
c) For both common and relay specific R-PDCCH control channels, how to reuse the resources that are not used for R-PDCCH within the semi-statically assigned PRBs.
This contribution discusses these above open issues and provides our view. It also clarifies the agreement of the multiple resource assignment (i.e. multiple R-PDSCH or R-PUSCH assignment from one R-PDCCH).
2 Multiplexing schemes for R-PDCCH and R-PDSCH/PDSCH Channels
Based on the current agreements [2-3], the two viable multiplexing solutions for R-PDCCH and R-PDSCH/PDSCH channels are pure FDM and Hybrid TDM-FDM schemes where examples are shown in Figures 1a – b. The pros and cons of these two schemes are discussed below.

  Figure 1 a) Pure FDM scheme                     b) Hybrid TDM+FDM scheme
Pure FDM multiplexing scheme: The R-PDCCH resides only some PRBs within the subframe, starting from the first OFDM symbol that the relay can receive it and ending at the last of OFDM symbol of the subframe.
Pros:
· Power sharing between R-PDCCH and PDSCH is possible.
· It does not require a new definition how to reuse the resources that are not used for R-PDCCH within the semi-statically assigned PRBs.
Cons:
· It has long decoding delay for the R-PDSCH as the R-PDCCH spans to the end of the subframe.
TDM+FDM multiplexing scheme: The R-PDCCH resides on a few OFDM symbols of some PRBs within the subframe as shown on Figure 1b. 
Pros:
· The decoding delay is much better than the FDM scheme as the R-PDCCH is placed in the first slot of the subframe.
· Frequency diversity is better than FDM scheme because (for a given R-PDCCH data size) the transmission will be spread over more PRBs.
Cons:
· Power sharing between R-PDCCH and PDSCH is difficult [4]. That is if power boosting is applied to the R-PDCCH OFDM symbols, then the power of all PDSCH OFDM symbols for Rel’8 UEs needs to be reduced as the transmission power should be kept constant during the subframe, particularly for higher order modulations. However, this can be dealt with by the proper adjustment of the modulation and coding scheme.
· It requires a new definition how to reuse the resources that are not used for R-PDCCH within the semi-statically assigned PRBs. More specifically, how Rel’10 UEs will reuse the remaining portion of the PRBs used for R-PDCCH transmission.
We continue to discuss the pros and cons of these multiplexing schemes.
3 Common vs. relay specific R-PDCCH control channel 

As a starting point for relay control design, it is reasonable to assume different R-PDCCHs are multiplexed and interleaved (i.e. common R-PDCCH control channel) for the following reasons:

· To simply re-use some of the implementation that is already available at the Rel’8 LTE eNB. For example channel coding and rate-matching as well as multiplexing and interleaving of different R-PDCCHs can be re-used. But, PRBs and resource-element groups (REG) mapping can be implemented differently. 
· After the relay is powered on, the relay will contact the donor eNB via L1L2 control signalling (i.e. PDCCH) to get DL and UL backhaul subframe configurations before serving its access UEs. This necessitates that Rel’8 control processing to be supported anyway in the relay. Therefore, it is preferable to reuse some of that control processing that is in the relay for the R-PDCCH control channel.
· To achieve larger frequency diversity gain because the relay is required to support group mobility.
· To achieve inter-cell interference randomisation for the same purpose as LTE Rel’8 PDCCH channel.
Alternatively, it may be possible to achieve frequency selective gain by not multiplexing and interleaving different R-PDCCHs, but instead, placing each relay’s R-PDCCH (i.e. relay specific R-PDCCH) in its best PRBs within the semi-statically assigned PRBs for R-PDCCH transmission based on the feedback from the relay. This may work well for the case where the relay is stationary, there is a good line-of-sight connection and the channel does not fluctuate significantly. However, it may not work in all cases such as where the relay is required to support group mobility where the channel between the donor eNB and relay fluctuates significantly due to Doppler. Therefore, in order for LTE-A to be competitive, it is better to design a relay control channel that is robust enough to handle different channel conditions.
Proposal:

· To support at least common R-PDCCH control channel (i.e. R-PDCCH channel coding, rate-matching, multiplexing and interleaving of different R-PDCCHs).

· To support both common and relay specific R-PDCCH control channels is FFS. 
Further more, for both the common and relay specific R-PDCCH control channels, the mapping of R-PDCCH to PRBs should be performed in such a way that the minimum possible number of PRBs are used in any given sub-frame. In this way, any unused PRBs within the semi-statically assigned set can be re-used for R-PDSCH or PDSCH transmission.
4 Multiple Resource Assignments
It has previous been agreed [3] that:

· The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
· The R-PDCCH may assign uplink resources in one or more later subframes. 

It is known that simultaneous donor eNB-to-relay and relay-to-UE transmissions on the same frequency resource is not possible for LTE-A. So, the relay can only receive R-PDSCH from the donor eNB in a set of predefined subframes (i.e. similar to MBSFN subframes) in which the relay is not transmitting to its UEs in the access link. In this set of subframes, there is flexibility that the eNB can dynamically or semi-persistently schedule to relay nodes in a manner similar to Rel’8 mechanism using R-PDCCH control channel. The R-PDCCH control channel carries scheduling assignments for both downlink and uplink transmissions. However, we have a concern that the above agreed statement may mean that the R-PDCCH can dynamically assign resources to multiple future subframes (i.e. multiple R-PDSCH or R-PUSCH assignment from one R-PDCCH). Due to data traffic being bursty for dynamic scheduling, we do not see the necessity for R-PDCCH to dynamically assign resources to multiple future subframes. Therefore, multiple resource assignment should be based only to semi-persistently scheduling for both DL and UL backhaul transmissions similar to Rel’8 mechanism.
5 Conclusion
In this contribution, we have discussed some remaining issues for the Relay control design and our view is as follows:

· To support at least common R-PDCCH control channel (i.e. R-PDCCH channel coding, rate-matching, multiplexing and interleaving of different R-PDCCHs).

· To support both common and relay specific R-PDCCH control channels is FFS.

· Multiple resource assignment should be based only to semi-persistently scheduling for both DL and UL backhaul transmissions similar to Rel’8 mechanism.
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