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1 Introduction
In this contribution, we discuss mapping and multiplexing of DL backhaul physical channels. As per the agreements made in the last RAN1#57b meeting in LA [1], the PRBs for R-PDCCH transmission can be pre-configured semi-statically and the actual resources used for R-PDCCH transmissions can vary dynamically between subframes. Also, it was agreed that R-PDCCH transmitter processing should reuse the Rel-8 functionalities as much as possible, with removing some unnecessary procedures. Based on the decisions, we discuss more detailed issues relating to R-PDCCH design such as mapping onto DL REs, multiplexing between R-PDCCHs, etc.. Also, we discuss the need for R-PCFICH and R-PHICH in DL backhaul subframes.
2 Discussions
There are various dimensions to consider for R-PDCCH mapping and multiplexing. Several designs for R-PDCCH were proposed in [2]-[13]. In Figure 1, we show an example mapping of DL physical channels in a DL backhaul subframe, including R-PDCCH and R-PDSCH. Since whether to support R-PCFICH and R-PHICH are not clear at this point, those physical channels are not included in the figure. For illustration purpose, the Rel-8 PDCCH region occupies three OFDM symbols and the mapping of PDSCH, R-PDCCH and R-PDSCH starts from the 4th OFDM symbol.  Figure 1 is for the case that the R-PDCCH transmission is limited within the 1st slot for low decoding latency for R-PDSCH.  Another way to map R-PDCCH is that the R-PDCCH mapping extends to the 2nd slot and the PRBs for R-PDCCH changes at the boundary between the two slots, i.e., frequency hopping of R-PDCCH resources between slots. An example design for the case to support the frequency hopping can be found in [2]. 
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Figure 1: A DL backhaul mapping example
In this contribution, based on the illustration in Figure 1, the following issues will be discussed in subsequent sections:
· R-PDCCH resource provisioning and mapping
· Demodulation RS for R-PDCCH
· Interleaving of R-PDCCH

· Need for R-PCFICH and R-PHICH

2.1 R-PDCCH
1.1.1 Resource provisioning and mapping
As agreed in the last meeting in LA, the PRBs for R-PDCCH transmission are semi-statically assigned and the actual resources used for R-PDCCH transmissions can vary dynamically between subframes. In Figure 1, it is assumed that four PRBs are pre-configured for R-PDCCH semi-statically, and three out of the four PRBs are used for R-PDCCH transmissions in the subframe. It is seen in Figure 1 that the PRB not used for R-PDCCH is scheduled for PDSCH. This way 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..
In Figure 1, it is seen that the four PRBs assigned for R-PDCCH are not contiguous. Since preferred PRBs for R-PDCCH transmissions can be different for different RNs, it seems desirable to support configuring non-contiguous PRBs for R-PDCCH transmissions. Semi-static configuration of the scattered PRBs, e.g., via high-layer signaling using bitmap of the PRB indexes, would not incur significant overhead, as the configuration will be maintained for a long while once it is indicated. Some contiguous PRBs can be configured for R-PDCCH transmission as well to support frequency selective assignment for some RNs. Whether to configure contiguous PRBs or scattered PRBs or scattered groups of contiguous PRBs can be decided by the donor eNB. 
Each RN should perform blind decoding in order to identify on which PRBs among the pre-configured resources its R-PDCCH is sent. Complexity of the blind decoding is closely related with the multiplexing structure for R-PDCCHs for different RNs. Especially, interleaving of the R-PDCCHs within each of the PRBs used for R-PDCCH transmissions could increase the blind decoding complexity significantly, compared to the case that only a single R-PDCCH is sent on the respective PRBs. In Section 2.1.3, the interleaving issue is addressed in more detail.
Proposal

· The minimum resolution of the semi-static assignment of the resources for R-PDCCHs is PRB
· Both contiguous and scattered assignment of the PRBs for the semi-static configuration is supported

1.1.2 Demodulation RS for R-PDCCH

In LTE-Advanced, we are mostly interested in stationary relays, whose location is fixed unlike moving relays. In order to improve the received SINR at the RN, it seems beneficial to enable the donor eNB to apply RN specific dedicated beamforming in transmissions of R-PDCCH, R-PDSCH and other DL physical channels to respective RNs. RN specific dedicated RS (DRS) can be sent along to support demodulation of the precoded symbols of those physical channels.
For R-PDSCH, the DRS for LTE-A UEs which would be defined to support demodulation of PDSCH can be reused in accordance to the rank applied to the R-PDSCH transmissions. But, for R-PDCCH, there can be an issue with applying RN specific beamforming. That is, in cases that R-PDCCHs for different RNs are interleaved within a PRB, transmissions of DRSs for the respective R-PDCCHs would be needed and the DRSs for different RNs happen to co-exist in the PRB. Each DRS should be precoded in accordance to the beam pattern applied to the corresponding R-PDCCH transmission. Due to the transmission of DRSs for the respective R-PDCCHs, the interleaving of R-PDCCHs within a PRB will result in an increase in DRS overhead with reduction of the resources for R-PDSCH. Also, it will complicate the structure for multiplexing DRS and R-PDCCH within PRBs. 
Therefore, common RS based transmission seems more appropriate in cases of allowing the interleaving of R-PDCCHs within PRBs. For this purpose, CRS defined in LTE Rel-8 can be reused. The CRSs should be transmitted in the PRBs where R-PDCCHs are transmitted, and also in LTE-A subframes where Rel-8 CRSs are not supposed to be transmitted in general. In cases of 8 TX antennas at the eNB, antenna virtualization can be applied, as considered for CRS for PDSCH demodulation in LTE-A. 

Proposal

· In case that the specification allows the interleaving of R-PDCCHs within a PRB: 
· RN specific dedicated RS transmission in the PRBs containing R-PDCCH
· In case that the specification does not allow the interleaving of R-PDCCHs within a PRB: 
· Common RS transmission in the PRBs containing R-PDCCH
1.1.3 Interleaving

In Figure 1, two RNs, RN1 and RN2, are scheduled to receive the corresponding R-PDSCHs in the subframe. The R-PDCCHs containing the scheduling information for the two R-PDSCH transmissions are interleaved in the three PRBs in the figure as an example. The main motivation to interleave R-PDCCHs within PRBs seems improving the interference diversity gain by scattering the REGs (Resource Element Group) comprising an R-PDCCH over multiple PRBs. On the other hand, the interleaving will complicate the multiplexing structure and increase the complexity of the blind decoding in terms of the number of blind decoding. Each RN needs to identify PRBs and REGs on which its R-PDCCH is mapped, by trying to decode the RPDCCH. 
In another aspect, considering that the radio channel of the backhaul link would change very slowly for stationary RNs, the frequency selective scheduling of R-PDCCH on preferred PRBs can be beneficial than frequency scattered transmission. But, the approach to interleave R-PDCCHs within PRBs seems to have problems in supporting the frequency selective scheduling, though it can be useful in improving the frequency and interference diversity gain.
Considering theses aspects, we are yet open to both approaches: interleaving of R-PDCCHs for different RNs within a PRB and no interleaving. In order to reach a conclusion, it seems that concrete analyses should be done about the impacts of the interleaving in various aspects such as the R-PDCCH blind decoding complexity, support of beamforming transmission of R-PDSCH, DL RS structure and overhead for R-PDCCHs, etc. 
Proposal

· Support of interleaving of R-PDCCHs within PRBs: FFS

2.2 R-PCFICH

The main motivations to adopt PCFICH in LTE are to indicate the start OFDM symbol for PDSCH in each subframe and to reduce the blind decoding complexity for PDCCH, which are achieved by indicating the number of OFDM symbols used for PDCCH via PCFICH in each subframe. Consideration on the need for R-PCFICH in LTE-A seems based on similar motivations. In the following, we discuss whether the need for R-PCFICH can justify the increased resource overhead and complex multiplexing structure which could be caused by adoption of R-PCFICH.

Regarding the 1st point, we envision that the resources for R-PDCCH are configured in PRB level and the PRBs pre-configured, but not used for R-PDCCH, in a given subframe can be scheduled for transmissions of PDSCH and R-PDSCH. Since all these remaining resources scheduled for PDSCH or R-PDSCH are informed to the scheduled UEs and RNs through the signaling via PDCCH or R-PDCCH, those resources will not be wasted, even without the indication via R-PCFICH. 

Regarding the 2nd point, the indication of the PRBs and/or OFDM symbols via R-PCFICH may help reducing the complexity of the blind decoding for R-PDCCH. But, the complexity of the blind decoding is closely related with the multiplexing structure for R-PDCCHs. As discussed in Section 2.1.2, the decoding complexity could be considerable in cases that the R-PDCCHs are interleaved within respective PRBs. However, even in those cases, the blind decoding complexity could be controlled to an acceptable level by various ways, as done for helping PDCCH blind decoding in LTE. For example, we can put some restriction on the multiplexing combinations when interleaving multiple R-PDCCHs, and also RN specific search space can be defined to limit the number of blind decoding required for each RN. Considering these aspects, we prefer to not define R-PCFICH in LTE-A and to have a simple structure in DL backhaul subframes.
Proposal

· R-PCFICH is not supported
2.3 R-PHICH

A few approaches can be considered to indicate ACK/NACK in DL backhaul subframe for a corresponding UL backhaul HARQ packet. A straightforward approach is to define R-PHICH and explicitly indicate ACK/NACK via R-PHICH. This explicit signalling approach will bear larger signalling overhead and multiplexing complexity, compared to the implicit signalling approach considered below. 
Another approach as an alternative to the explicit signalling is to adopt adaptive HARQ in backhaul uplink, as done in LTE downlink, and to send an UL grant whenever ACK/NACK indication is needed. In this case, ACK/NACK can be implicitly indicated via NDI included in the UL grant. In cases that ACK needs to be indicated and there’s no UL backhaul packet to be scheduled, no UL grant may be transmitted and then no successful reception of UL grant by the RN can be considered as ACK by the RN. This implicit approach is basically based on the assumption that the backhaul downlink provides superior link quality and thus the detection probability of UL grant could satisfy the required error rate for the backhaul link ACK/NACK.
However, the issue also depends on whether we would support SPS for the transmissions in UL backhaul link. As there would be no explicit UL grant in subsequent SPS transmissions in general once it is started, there seems almost no way to indicate ACK/NACK other than explicitly signalling ACK/NACK. Even in this case with explicit ACK/NACK indication, we also need to consider whether an explicit R-PHICH would be defined or ACK/NACK would be signalled via other physical channels based on joint coding.
Proposal

· Support of R-PHICH: FFS
3 Conclusion
In this contribution, we have discussed some issues relating to control channel design in DL backhaul subframes and presented some proposals at the end of each section for making further progresses in the DL backhaul design. We suggest to consider those proposals and reach further agreements in this RAN1 meeting. 
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