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1. Introduction

In previous RAN1 #56bis meeting, a frame-work definition of type II relay was agreed [1] which states:
· Type II relay should not have a separate cell ID and thus would not create any new cell(s)
· The type II relay should be able to relay also to/from release 8 UEs

· At least a release 8 UE should not be aware of the presence of a type II relay

· Transparency also for release >8 UEs is preferred
· This provides the frame-work definition of a "type II" relay in order for 3GPP RAN to be able to study it. Aspects that need to be studied include:

· Performance benefits

· Specification impact

· ..

It is emphasized that type II relay does not have a separate physical cell ID (PCID), which means that relay is part of donor cell. As a result, eNB and relay node (RN) cooperation may be an attractive application scenario for type II relay. With the absence of separate physical cell ID, the reference signal has to been carefully used to avoid any potential interference or disturbance to either macro-UEs or RN served UEs. In this contribution, we discuss the cooperation of type II relay mainly from the reference signal aspect.

2. Schemes of cooperation

Cooperation in type II relay can be achieved in various forms, such as overhearing and cooperation in retransmissions, cooperation diversity, etc.

2.1 Overhearing and cooperation in retransmissions
In previous meetings, transparent cooperation scheme of overhearing and cooperation in retransmission is discussed [2, 3]. In [3], a detailed cooperation procedure is analyzed where the relay receives PDSCH/PUSCH and decodes it, then overhears the corresponding ACK/NAK feedback information from UE/eNB. If ACK is received, relay discards the received PDSCH/PUSCH data; otherwise, relay will cooperate with eNB/UE in retransmissions. 
For LTE Rel-8 UE, there are two types of reference signals: cell-specific reference signal (CRS) and port-5 dedicated reference signal (DRS). CRS is transmitted by eNB in all DL subframes over full bandwidth in order for all UEs to perform channel estimation for coherent demodulation. Since a type II RN does not have its own cell ID, it may not be a good idea to have such type of relay to transmit CRS. For example, in the coverage overlapping areas between relay and eNB, the CRS from RN would be combined with CRS from eNB and thus polluting DL channel estimation of nearby macro UEs that are receiving PDSCH only from eNB. The situation is illustrated in Figure 1.
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Figure 1: CRS conflict of type II relay and anchor eNB

On the other hand, DRS was discussed as demodulation reference signal in cooperation scenarios of relay and eNB [2, 3]. DRS is transmitted only in scheduled RBs, therefore it does not affect other UEs’ performance which do not expect service from the relay. More specifically, during retransmissions, eNB and relay simultaneously transmit data and DRS to the target UE over the same time-frequency resources, the signals from eNB and relay are combined over the air, UE estimates the superimposed DRS to demodulate the combined DPSCH. Because of the signal strengths during retransmissions are boosted, channel rate is improved. Such scheme is transparent to LTE Rel-8 UEs which optionally support DRS.
In LTE-A downlink, new demodulation reference signal (DMRS) will be introduced for UE to perform data demodulation, allowing multi layers data transmissions and transmit diversity in the second hop.

In uplink, HARQ procedure is synchronous (at least for LTE Rel-8), and demodulation reference signal is present only in scheduled RBs, so that over-air-combining can be more easily done in uplink than in downlink. In FDD, for example, relay decode PDCCH to obtain dedicated UE’s uplink scheduling information in downlink subframe n, then receive the corresponding PUSCH in subframe n+4 and decode it. In subframe n+8, relay overhears the PHICH and PDCCH. If NAK is detected in PHICH, relay cooperates with UE in retransmission in subframe n+12 through non-adaptive mode; if retransmission is triggered by PDCCH DCI format 0, relay re-form the retransmission data and cooperate with UE in subframe n+12 through adaptive mode. Moreover, since the backhaul link is much better than the direct link, retransmission in subframe n+12 may not be needed when relay successfully decoded PUSCH in subframe n+4, i.e. when either relay or eNB successfully decodes the uplink data, UE can stop transmitting. This procedure is illustrated in Figure 2. 
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Figure 2: overhearing and cooperation in retransmission of uplink

2.2 Cooperation diversity
Cooperation diversity is a direct way to enhance signal strength. Under this cooperation mode, cooperation UE’s data blocks are transmitted via 2 hops (or multi hops). In the first hop, eNB send UE’s data blocks to relay; in the second hop, relay send data blocks to UE.

As we analyzed in section 2.1, because of having no separate PCID, CRS may not be proper for type II relay use in second hop. In order to compatible with Rel-8 UE, DRS could be used. Nevertheless, DRS could only support single layer transmission, which may impact relay’s cooperation efficiency for Rel-8 UE. Whether Rel-8 UE will be able to obtain obvious performance gain from cooperation diversity should be further studied.
In LTE-A downlink, new DMRS will be introduced for UE to demodulate PDSCH. This new DMRS provides a possibility for LTE-A UE to acquire obvious performance gain from cooperation diversity.

In a 2-hop system, for example, eNB transmits UE’s data blocks to relay in first hop and simultaneously informs relay about the data block’s mapping information of second hop, such as MCS, resource allocation, etc. In the second hop, relay transmits data block to UE, based on the mapping information obtained form eNB in the first hop (a.k.a. centralized scheduling). In those resources relay utilized, eNB could be silent, or transmit simultaneously to UE for diversity gain, or reuse them for other UEs, as illustrated in Figure 3. The transmission mode of eNB depends on the channel condition of direct link (eNB-UE) and access link (relay- UE). When relay transmits data blocks to UE, DMRS is also transmitted along with data. If eNB and relay cooperate in retransmissions, the data and DMRS from eNB and relay will be combined over the air, UE uses the superimposed DMRS to perform coherent demodulation.
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Figure 3: Cooperation diversity in downlink

3. Pairing UEs with relay
In normal deployment, it is expected that there may be several relays in one cell. However, since a Type II relay does not have separate PCID, its CRS, even if allowed to be transmitted, cannot be used to provide the channel quality information of access link. 

Uplink sounding reference signal (SRS) could be used to pair UEs with relay, e.g., relay overhears UE’s SRS, then decide which UE should be assisted based on the received power, or SINR, etc. This method is suitable for LTE and LTE-A UEs in both downlink and uplink. 

In LTE-A, new channel state information reference signal (CSI-RS) can be used for UE to measure downlink channel between eNB and UE. CSI-RS are not presented in all downlink subframes, e.g., CSI-RS is transmitted periodically. Similarly, type II relay can also transmit CSI-RS, e.g., relay’s CSI-RS is present in subframes which does not contain the CSI-RS from eNB. Therefore, a relay served UE can use this CSI-RS to measure the access link channel quality which could be used for pairing UEs. Whether relay’s CSI-RS is transparent to LTE-A UE mainly depends on the design of CSI-RS.
4. Summary

In this contribution, two cooperation schemes of type II relay were discussed, overhearing and cooperation in retransmission, and cooperation diversity. We mainly focused on the impact of reference signal to cooperation schemes.

· Reference signal for demodulation:

· Downlink
There is an issue that RN also transmits CRS during retransmissions as it would pollute the channel estimation of macro-cell UEs in the overlapping regions.

Rel. 8 DL DRS can be used during cooperative retransmissions.
Since new CSI-RS and DMRS will be introduced in LTE-A downlink, there is possibility of utilize those RS to enhance the performance of LTE-A UEs served by type II relay.
· Uplink:

Dedicated RS is already defined in LTE Rel. 8 and can be easily used for cooperation between direct link and backhaul link in the second hop. 

· Pairing UEs with relay:

SRS can be used for RN-UE pairing. Furthermore, since new CSI-RS will be introduced in downlink, it is possible that RN also sends its own CSI-RS which can be used for access link channel quality estimation.

References

[1] R1-091632, “Type II relay frame-work definition”, Vodafone, et al, RAN1 #56bis.

[2] R1-083158, “Some further considerations for downlink transparent relay for LTE-A”, Nortel, RAN1 #54.

[3] R1-091403, “Further consideration on L2 transparent relay”, Vodafone, RAN1 #56bis.
PAGE  
4

_1302073187.vsd
�

n


n+4


n+8


relay


UE


eNB


n+12


PDCCH


PUSCH


PHICH/PDCCH


PUSCH:
retransmission



_1302086506.vsd
�

eNB transmitting


silent/
cooperation diversity/
resource reuse


eNB transmitting



Downlink bandwidth


silent


Relay transmitting


silent


PDSCH of eNB transmitting


PDSCH of relay  transmitting 


Bandwidth for relay transmitting



_1302018509.vsd

