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1 Introduction
Relay control issue on type 1 was discussed in the past. This document further discuss relay control issues.
2 Discussion
2.1 Semi-static configuration of DL Backhaul resources
According to [1], the agreement so far is:

The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned.

The air interface resource from eNB and to eNB is controlled by eNB. Therefore, DL backhaul resource should be also configured by donor eNB.

An open question is how exactly the semi-static configuration can work. This question would be mainly the topic for RAN2 because it discusses the signalling on RRC, but generally we see two possible methods: dedicated signalling or broadcast signalling.

Dedicated based signalling has the following benefits: 
- Because of the backhaul resource usage restriction, we presume the optimization point of the number of RN under a donor eNB is less than 10. For such numbers, dedicated transmission per RN is more efficient than broadcasting from radio resource efficiency because the MCS, power control and beam-forming can be adjusted to each individual RN. Dedicated transmission fits well with dedicated signalling.
- In order to improve the efficiency of the broadcast, an in-frequent transmission of the broadcast signal is necessary. In such a case, the latency to (re-)configure the RN is increased. Assuming not too many RNs per donor are supported, dedicated signalling can reduce the latency to (re-)configure them.

- We assume that the amount of information required to configure all RNs in a cell equally is small. To have separate (dedicated) configuration per RN allows customized configuration per RN. Example is some RNs may be more loaded in backhaul and some RNs may be less loaded in backhaul. If fewer DL backhaul resources are configured for a certain RN, the RN can use the remaining resource for its downlink access link transmission.
2.2 UL backhaul subframe configuration

According to [1], the agreement so far is:

The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship.
We should consider if this can be further narrowed down to just a single method as the method to activate the uplink backhaul subframes within the semi-static configuration of the uplink backhaul transmission. 
In our opinion, an implicit relation to a PDCCH transmission subframe is a simple, but not flexible solution. Similar to TDD release 8, we think to indicate the UL subframe timing explicitly is particularly beneficial to efficiently accommodate asymmetric DL/UL traffic situations.

2.3 Support of UL subframe index in R-PDCCH

If the system supports asymmetric backhaul assignments as in the case where there are more UL than DL backhaul subframes, it makes sense to include a field to tell the RN for which UL subframe the R-PDCCH allocation is valid. If RAN1 decides that this scenario should be supported, we think such an indicator should be present in the R-PDCCH.
2.4 Necessity of R-PCFICH, Size of Control Area
For the relay control area, the R-PCFICH can indicate the size in time and/or frequency domain (depending on the outcome of the R-PDCCH placement discussion) somehow similar to release 8. An alternative to R-PCFICH is to rely on higher-layer configuration and blind decoding mechanisms. Both methods can support the dynamic re-use of non-required control resources for the shared channel.
We further assume that the time dimension of the RN related control area should be fixed by the Release 10 specification to reduce the number of variables. Depending on the bandwidth of the cell, the Release 8 control channel area is at most 3 or 4 OFDM symbols. Therefore the first R-PDCCH OFDM symbol should likewise be the 4th or 5th OFDM symbol of a subframe. In case the R-PDCCH follows a pure FDM approach, it is quite natural to assume that the last OFDM symbol used for R-PDCCH is the last symbol of a subframe that a RN can receive. In case the R-PDCCH placement follows a FDM+TDM approach, we think that the R-PDCCH should be mapped exclusively within the first timeslot. We are still evaluating pros and cons of the two placement approaches.
To accommodate the dynamically varying need of resources for the R-PDCCHs in a given subframe, it is sufficient to be flexible for the frequency dimension of the control area. So we only need to further consider whether the frequency dimension of the control requires the existence of R-PCFICH or not. 

In case of using an R-PCFICH, we are concerned that this signal will be error-prone due to the radio transmission, much like the PCFICH in Release 8. On the other hand, using higher-layer configuration instead of R-PCFICH we can expect an increased reliability. In addition, R-PCFICH continuously occupies the reserved radio resource even if there is no change of the R-PDCCH region size, except if there is no R-PCFICH transmission at all. Therefore, we would like to avoid the usage of R-PCFICH.
Our preferred way of operation at the RN is as follows:

· The donor eNB semi-statically informs the RN about the frequency resources where it should expect R-PDCCH (search space). Using the dedicated signalling discussed in section 2.1, the search space itself can be different among RNs.
· RN uses the blind decoding approach within its defined search space to discover any R-PDCCH directed at it

· The first OFDM symbol for R-PDCCH is determined according to the cell bandwidth

· In case of up to 10 RBs, the mapping of R-PDCCH starts at OFDM symbol 5

· In case of more than 10 RBs, the mapping of R-PDCCH starts at OFDM symbol 4

· The last OFDM symbol for R-PDCCH depends on whether a pure FDM or TDM+FDM is chosen for R-PDCCH placement.
· In case of pure FDM, the last OFDM symbol for R-PDCCH is the last OFDM symbol of a subframe that the RN can receive, depending on the guard time for switching Rx->Tx

· In case of TDM+FDM, the last OFDM symbol for R-PDCCH is the last OFDM symbol of the first slot within a subframe

In this way, no resources are required for an R-PCFICH. The above method requires a certain number of blind decoding trials for the R-PDCCH, but we don't think it is a serious issue. Furthermore, RN-specific or common search spaces can be easily accommodated as a design detail.

2.5 Frequency selective R-PDCCH placement or distributed R-PDCCH placement
A distributed R-PDCCH placement is useful to obtain robust against interference and channel fluctuation. 
On the other hand, a frequency-selective R-PDCCH placement can efficiently exploit good channel characteristics for a stationary relay node, resulting in a relatively small control overhead.

Therefore we propose that frequency-selective and distributed R-PDCCH co-exist in the system.

2.6 Inter-R-PDCCH Interleaving
By inter-R-PDCCH Interleaving we mean that a single PRB carries information from more than a single R-PDCCH.

We further distinguish between the following two cases

Full Interleaving

In this method, the interleaving process works on all the R-PDCCH. For example, assuming that there are 4 R-PDCCHs (labelled A through D) and 4 RBs available, the result can be visualised as in Figure 1.
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Figure 1. Example of Full Inter-R-PDCCH Interleaving

Clearly, it is difficult to re-use RBs in this approach if less than four R-PDCCHs need to be transmitted, because the remaining R-PDCCH(s) will still be distributed over 4 RBs. Therefore we do not think that this is an efficient method.
Partial Interleaving

In this method, the interleaving process works on a restricted number of R-PDCCHs, and the output of each interleaver is affecting a limited number of RBs only. For example, assuming that each 2 R-PDCCHs are interleaved and each R-PDCCH is mapped on 2 RBs, the outcome can be seen in Figure 2. Figure 2 is the case of frequency-selective R-PDCCH assignment.
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Figure 2. Example of Partial Inter-R-PDCCH Interleaving

In this way, it is much easier to re-use e.g. the RBs for C and D in case that only R-PDCCH A and B need to be transmitted in a given subframe.

Consequently, we prefer to employ Partial Inter-R-PDCCH Interleaving. The degree of interleaving may be specified in the WI phase.

2.7 Necessity for R-PHICH

In release 8, the significance of PHICH is either to trigger a non-adaptive retransmission (NACK) or to suspend transmissions for the HARQ process until an R-PDCCH for the same HARQ process is received (ACK). It should be noted that the content of the PHICH is ignored if it coincides with the reception of a PDCCH.

We further note that an R-PHICH is justified mainly for a synchronous UL HARQ protocol where it can be assumed that a fair share of retransmissions can be non-adaptive, i.e. where the original allocated resources can be used for a retransmission.
We should discuss further on the need of R-PHICH including the placement methods.

2.8 Minimum RTT for Uplink

According to Release 8, the RTT for UL is 8 ms. Since it is not yet clear whether the backhaul UL HARQ should follow a synchronous or asynchronous protocol, at least RAN1 should discuss what the minimum RTT for backhaul UL should be.

The relays generally increase the latency. We should at least allow the configuration to minimize the latency. Depending on the discussion of the detail of the backhaul UL HARQ, the operation of 10ms RTT may be further supported. 
3 Summary
We propose to take the following assumptions for the Relay operation and the related control information:

· The donor eNB is in charge of semi-statically configuring the DL Backhaul subframes

· The DL Backhaul subframes are preferably configured by dedicated signalling, subject to discussion in RAN2

· The UL Backhaul subframe configuration is assigned explicitly

· If required, an explicit indicator is included in an R-PDCCH to denote for which UL subframe an assignment is valid

· The donor eNB semi-statically informs the RN about the frequency resources where it should expect R-PDCCH (search space)
· RN uses the blind decoding approach within its defined search space to discover any R-PDCCH directed at it
· The first OFDM symbol for R-PDCCH is determined according to the cell bandwidth

· In case of up to 10 RBs, the mapping of R-PDCCH starts at OFDM symbol 5

· In case of more than 10 RBs, the mapping of R-PDCCH starts at OFDM symbol 4
· The last OFDM symbol for R-PDCCH depends on whether a pure FDM or TDM+FDM is chosen for R-PDCCH placement.
· In case of pure FDM, the last OFDM symbol for R-PDCCH is the last OFDM symbol of a subframe that the RN can receive, depending on the guard time for switching Rx->Tx

· In case of TDM+FDM, the last OFDM symbol for R-PDCCH is the last OFDM symbol of the first slot within a subframe

· Frequency-selective and distributed R-PDCCH placement are supported in the system
· Partial Inter-R-PDCCH interleaving is employed
· The need for R-PHICH needs further consideration
· The minimum RTT for Backhaul UL HARQ should be 8 ms
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