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1. Introduction
Deploying relay system could improve the system throughput and coverage. Therefore, it is considered as one of the promising technologies by LTE-advanced.  In 3GPP LTE-A, relay is also considered as a desirable feature to support Rel-8 UE by many operators. The deploying of relay could be a cost-effective way to improve system throughput and coverage for Rel-8 system and enhance Rel-8 user experience.

The impact of introducing relay for Rel-8 UE should be minimized to avoid the delay of its completion on time. To mitigate such impact, current MBSFN subframes could be used to support relay for Rel-8 UE by modifying allocation of such subframes within a radio frame. In [1], it is categorized that the relay link between eNB and relay node could be inband and outband where inband relay means the relay link, including the inband backhaul, shares the same spectrum with access links while outband relay means the relay link transmits in additional spectrum other than those used by the access links. 

Some discussion on relay related issue were started recently on WG1 reflector, which include the topic on what kids of functions should be supported on relay nodes. The purpose of such discussion is to help the decision making on what types of relay should be supported in LTE-A, which could range from L1, L2 to L3 relays. Aside from that decision, some preliminary and general considerations on relay link design are discussed in this contribution, some are based on current access link design but taking into consideration the uniqueness of the relay link in order to optimize its performance. Such designs could be further refined and evolved pending the outcome of discussion on functions supported at relay nodes. 
This contribution is a modified version of contribution R1-090753.
2. Relay Link Design Considerations
The design of relay link could be different from the conventional access link due to several factors

· Relay node may have a larger form factor, thus enables the use of larger number of antennas than UE 
· Relay node has less concerns on power consumptions.

· Relay node would have more strong processing power than UE, thus allow more advanced transmitter and receivers
Based on above observations, some new designs/optimizations on relay link could be considered to enhance both the uplink and downlink throughputs of relay links between relay and eNB,  at the same time reduce the interference of such links to the access links. Coordination between different relay links could also be taken into account in the design.
In this section, some design aspects of relay link between eNB and relay node are discussed, which include 
· Relay sub-frame configurations

· The control channel – to allocate resource for each relay node and assign MCS for the transmission

· The data channel --  data transmission between eNB and relay

· RS design – Reference signal design for relay-link
· Channel multiplexing in uplink relay-link
· Support both relay-link and access link in the same sub-frame
2.1  Configuration of Relay-link Sub-frames  
Currently, it is in general consensus that MBSFN type of sub-frames could be re-used for downlink relay-link transmission between eNB and relay node. That means when it is the time for eNB to transmit to relay node, the UE supported by relay should assume MBSFN type of sub-frame as current sub-frame and does nothing other than receiving the first several symbols as control channel. However, if both MBSFN and relay are supported in the same system, signaling is still needed to configure if such sub-frames are used for real MBSFN transmissions or used for relay-link transmissions. Two alternatives could be considered to support such configuration:
Alt1: If such configurations are semi-static, such signal could be defined at higher-layer, and could be broadcasted in channels such as MIB. It could also be carried in a new RRC signal or be part of existing RRC signal such as “MBSFN-SubframeConfiguration” .

Alt 2: If such configurations are dynamic, the following mechanism could be used to dynamically signal such MBSFN sub-frames for relay-link. 

· A pre-defined sub-frame in each or N radio frame(s) could be reserved as relay-link sub-frames through higher layer signaling.

· Any additional sub-frames allocated dynamically for relay-link could have their locations signaled in such pre-defined relay-link sub-frames in a dynamic way.

For uplink, the sub-frames reserved for relay-link could have fixed association with those sub-frames used for downlink relay-link, or they could be configured and signaled through higher-layer.
2.2 Control Channel Design for Downlink Relay-Link 
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Figure 1: Control channel design example for DL relay-link
Control channel design for downlink relay-link is illustrated in brief in Figure 1.  If MBSFN type of sub-frames are used for relay link, a control channel zone for relay link can be allocated and can be denoted as R-PDCCH (relay PDCCH) zone. Such control zone may have the following attributes:
· The R-PDCCH zone could span the whole system bandwidth or take only partially the system bandwidth such as in central part of the system bandwidth.
· The R-PDCCH zone could take one or two OFDM symbols right after PDCCH symbols in MBSFN sub-frame
· The R-PDCCH may or may not be transmitted in every relay-link sub-frame.
In this R-PDCCH zone, a channel called R-PCFICH (relay PCFICH) similar as that of PCFICH can be adopted to indicate number of symbols in the R-PDCCH zone. This R-PCFICH could be transmitted in the first symbol in the R-PDCCH zone. The number of symbols needed for carrying R-PDCCH could also be semi-statically configured and signaled through higher-layer if such number is relatively static. 
R-PDCCH channel are used to convey relay link DCI format for both uplink and downlink relay-links which includes

· RB allocation

· MCS assignment

· HARQ attributes

· MIMO related attributes
To support relay-link control channel, current Rel-8 DCI formats could be reused or new DCI formats could be defined. 

As number of relay nodes supported simultaneously is much less than that of UE, R-PDCCH may not need to be transmitted in every relay-link sub-frame. R-PDCCH could be transmitted in every N relay-link sub-frames.  For example, R-PDCCH could be only transmitted in the first relay-link sub-frame in each radio frame and such R-PDCCH will be used to convey DCI formats for relay data channel (R-PDSCH) in all subsequent relay-link sub-frames in each radio frame. An alternative configuration could be that R-PDCCH are transmitted every two relay-link sub-frames, for example, if there are four relay link sub-frames configured in each radio frame, R-PDCCH will be transmitted twice per radio frame. R-PDCCH could also be configured to be transmitted in one relay-link sub-frame for a number of radio frames. These different configurations could be conveyed in RRC signaling or in a special channel.  Figure 2 shows some examples of R-PDCCH transmission frequency.
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Figure 2: Examples of R-PDCCH transmission frequency

2.3  Data Channel Design for Downlink Relay-Link
Similar as downlink access link, downlink data transmission for relay-link (R-PDSCH channel) could have the following modes, which could be semi-statically configured by higher-layer signaling.

· Closed-loop spatial multiplexing (SM) for stationary or slow moving relay nodes

· Open-loop spatial multiplexing (SM) for relay nodes on a relative high mobility objects such as a train or a bus. 

· Beamforming with one or multi-layers transmission. Beamforming could be fixed or adaptive beamforming

In addition, the sub-channelization for the data transmission on relay-link could also include
· subband channel with contiguous RB allocation for stationary relay node

· distributed channel with distributed RB allocation for moving relay nodes
For those relay nodes, which are stationary or with relative slow mobility, optimization could be considered for data transmission on relay-link along the following aspects such as codebook based precoding optimizations, CQI and PMI feedback granularity in both time and frequency, adopting larger size of codebook, non-codebook based precoding. Some advanced techniques currently being investigated for LTE-A could also be considered for relay-link transmission such as high-order MIMO with more than 4x4 MIMO, cooperative multi-point transmission (CoMP) and multi-layer beamforming.
2.4  Reference Signal (RS) Design for Downlink Relay-Link 
The cell-specific RS in Rel-8 could be re-used for channel measurement and demodulation for relay-link.
New antenna ports could be considered in LTE-A for relay link, which could include both the cell-specific RS and dedicated RS. In using both cell-specific RS and dedicated RS for relay-link demodulation, power setting for cell-specific RS and dedicated RS could be pre-defined and signal to relay node through higher-layer signaling. 

It is feasible to consider using only dedicated RS for downlink relay-link demodulation based on the following considerations: 
· The relay-nodes are relatively apart from each other from eNB perspective, so using conventional SDMA technique with dedicated RS could achieve better performance.

· The relay node in general is stationary or with slow mobility, and could afford to have multiple antennas such as antenna arrays, so it is feasible to apply fixed beamforming or slow adaptive beamforming.  
· Dedicated RS could be allocated on per UE basis, and adaptively assign on per sub-frame basis depending on the layers transmitted, that could avoid always transmitting the same number of RS and save overhead.
The channel measurement could still be conducted on cell-specific RS. The density of such RS transmitted in subframes for relay-link could be less than those transmitted in regular access link due to the fact that relay nodes  are generally stationary or with slow mobility. The pattern for additional RS should be similar as that of cell-specific RS in Rel-8 to maintain consistent channel estimation performances and similar receiver design. For both uplink and downlink relay-links, to accommodate the need of stationary and mobility relay nodes, a number of RS sets with different patterns and densities could be pre-defined and signaled to relay node through high-layer signaling. This could maintain the necessary channel estimation performance while reduce the overhead. The design of additional RS could be considered together with high-order MIMO and CoMP transmission in LTE-A.
Figure 3 and Figure 4 show some RS design examples for relay-link. Figure 3 shows two RS design examples of using common RS while Figure 4 shows one design example of using dedicated RS.

[image: image3]
Figure 3: RS design examples: Common RS
[image: image1]
[image: image4]
Figure 4: RS design examples: Dedicated RS
2.5 Channel Multiplexing for Uplink Relay-Link
Similar as uplink access link, channels in uplink relay-link could also include control channel (R-PUCCH) and data channel (R-PUSCH). As shown in Figure 5, multiplexing of these two channels could take different alternatives such as: 

Alt1: R-PUCCH could be transmitted in RB at the edge of system bandwidth similar as PUCCH in access link
Alt2: R-PUCCH could be transmitted in the same RBs allocated along with the R-PUSCH, for example, in the first one or two symbols in the RBs allocated.


[image: image5].

Figure 5: Alternatives for channel multiplexing in uplink relay-link
2.6 Supporting of Relay-link and Access Link in the Same Sub-frames

In some scenarios, there is a need to support both the access link and relay-link in the same sub-frames, for example,  eNB could transmit to the UE it supports directly and the relay nodes in the same sub-frames to reduce latency and fully utilize the spectrum. To achieve such need, the access link and relay link could be supported in the same sub-frame by FDM multiplexing:

· Such FDM multiplexing could be configured and signaled through higher-layer.

· Such FDM multiplexing could be applied in both uplink and downlink. 

· Such FDM multiplexing could be viewed as defining different zones in a FDM way within each sub-frame, some zones are used for relay-link (relay-link zone) and some zones are used for access links (access-link zone). 

· Such zones could be contiguous or non-contiguous.
In downlink, the relay-node would only decode the zones allocated to relay-link. The relay-link zone would have R-PDCCH transmission first followed by R-PDSCH. R-PDCCH could be transmitted in every relay-link zone or transmitted in only one relay-link zone. 

For such configuration in downlink, cell-specific RS for access link could be transmitted across the whole system bandwidth, which could be used by both access-link and relay-link for channel measurement and data demodulation. Additional dedicated RS could be transmitted only in relay-link zones and used for relay-link R-PDSCH demodulation.
In uplink, the relay-link could be allocated with certain RB similar as access-link. The RB assigned to relay-link could be used to transmit both R-PUSCH and R-PUCCH.  
Figure 6 illustrates some examples on how to supporting both relay-link and access link in the same sub-frames.
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Figure 6: Supporting of Relay-link and Access Link in the Same Sub-frames
3. Conclusion

In this contribution, several aspects are discussed regarding the design of the relay-link in LTE-A
· The signaling is needed to distinguish between MBSFN sub-frames used for MBSFN transmission or relay transmission if both are supported in the same system. Such signaling could be higher-layer or transmitted in a special channel in PHY layer.

· The downlink relay-link control channel could be designed similar as PDCCH in access link and transmitted in the first one or two symbols in the MBSFN zones. Such channel could be denoted as R-PDCCH and could be transmitted at a frequency of every N relay-link sub-frames. It is used to convey such information as RB allocation, MCS, HARQ etc for the relay-link transmission in both uplink and downlink. 

· The downlink data channel could be optimized to include MIMO transmission modes, different sub-channelizations, codebook based precoding optimization and other MIMO related design considerations.

· Cell-specific and dedicated RS could both be considered for channel measurement and demodulation for relay-link. Dedicated RS alone could be used for relay-link demodulation. Different RS patterns could be pre-defined and configured for different relay nodes and signaled through higher-layer.

· For uplink relay-link, the control channels could be transmitted in RBs at the band edge or in the RBs allocated.
· Both relay-link and access-link could be supported in the same sub-frame by FDM multiplexing.
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