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1
Introduction

Cooperative relay has been studied in 3GPP RAN1 as a candidate technology for LTE Advanced [1-7], introducing potentially a type of transparent L2 relay. In general Relay Node (RN) is properly placed so that the backhaul link to donor eNB is of good quality. The RN monitors the signaling exchange between the donor eNB and the targeted UEs, and tries to decode a HARQ transmission at a given sub frame. On successful decoding, RN will then contribute by subsequent concurrent retransmissions in synchronized resources. 

To achieve synchronization in retransmission between RN and eNB or UE, we here propose using pre-scheduling for synchronous HARQ retransmission, that is, at the first transmission the eNB also schedule the subsequent retransmissions for that process in pre-arranged resources obeying a common rule known by RN, so that the RN can pre-schedule the decoded data at the same time-frequency resources for retransmission. On condition that NACK is detected for a previous decoded transmission, the RN will assist by concurrent transmission of the same data at the same resources for possibly a number of the later on HARQ retransmissions. The source of the data can be either an eNB or a UE. The receiver performs coherent demodulation with the additional performance gain from the concurrent transmission assisted by RN at retransmissions. In both UL and DL, RN only gets hand on PUSCH and PDSCH during the HARQ retransmissions and only for targeted RN UEs. The solution has the following advantages:

· performance gain secured by coherent joint processing assisted by RN, similar to SFN operation

· backward compatible with R8 UE 

· limited backhauling signaling between eNB and RN

· no dedicated backhauling data channels needed

· applicable to both FDD and TDD

In this context, there are a number of issues need to be addressed. We will discuss the following issues:

· coherent demodulations enabled by use of DRS in DL,

· scheduling consideration UL and DL for synchronized retransmission

· additional signaling between donor eNB and its subordinated RNs

· RN’s reaction to snooped controlling signals

· open loop link adaptation

· Identifying RN users

· Relay sub frame design consideration etc…
2
Coherent demodulation
The cooperative relay employ coherent demodulation for each RE carrying Relay Facilitated Traffic (RFT) data, therefore it requires the RE from Relay carry the same symbol and synchronize with the donor cell’s RE in both time and frequency. 

Down-link wise to enable coherent demodulation of the PDSCH at UE, DRS should be used in the scheduled RBs. The pattern and other specs of the DRS can be the same as that used for BF defined in LTE R8, and should be applied both in eNB and RN for targeted RN UE. At the same time the eNB-UE link for a relay UE should be scheduled in single port mode in transmitting end. For cheap and easy implementation, the RN may typically work in single antenna port mode. 
Up-link wise, RN should use the same format for retransmission of PUSCH for a particular Relay UE. There are conditions that relay may need to tailor PUSCH in advance of transmission, which is to be discussed in the section on scheduling. Demodulation reference signal should be generated at RN identical to that by the UE for the same PUSCH.

In this configuration, the performance gain is foreseeable. In UL the initial HARQ transmission is basically macro diversity that UE-RN link should win out, and at the retransmission would be SFN-like operation though RN-eNB link should dominate. In DL, the initial HARQ transmission is basically macro diversity that eNB-RN should win out, and at the second transmission would be SFN-like operation though RN-UE link should dominate. In both DL and UL, the total gain is wrapped up by soft combining performed among the HARQ transmissions. The resource orthogonality is also naturally maintained between eNB and RN. 
3
Scheduling for synchronized retransmission
It has been noted that a RN in most of the application scenarios can not simultaneously transmit and receive at the same frequency band, due to the transmitting antenna and the receiving antenna are not typically well separated; RN will not be able to listen while transmitting, and vice versa. This introduces restriction to scheduler that the first transmission and subsequent transmission should be respectively packed for targeted UEs, and should be scheduled in TDM manner. Typically the first transmission corresponds to RN receiving mode, and subsequent retransmission corresponds to RN transmission mode. The pattern of RN receiving SF (R-R-SF) and RN transmission SF (T-R-SF) can be designed per RF.

A second consideration is that the retransmission at RN for a targeted UE group should be synchronized with the donor eNB, so that RN can help on the retransmission in a coherent way. There are means to address this for UL and DL respectively via additional scheduling rule to eNB. In this contribution we propose to use pre-scheduling for synchronous HARQ retransmission, that is, to pack for targeted UEs the first transmissions, or transmissions intended for RN to receive, into a selected set of SF(s) and reserve subsequent SF(s) synchronously for retransmission, e.g. in this case of FDD the period is 8ms to keep harmonization with RTT. Scheduling can be done for a given number of HARQ retransmissions. eNB in DL should avoid SFs containing system information for Relay transmitting SF, such as #0, #4, #5 and #9 for FDD and #0, #1, #5 and #6 for TDD. There are two categories of traffics in the cell of an eNB - traffics facilitated by RN (RFT) and traffics not facilitated by RN (NRFT). 

Note the proposed scheduling scheme proposed here can also apply to TDD system. SF pattern can be designed with a bit different constraints such as RTT is different, ACK/NACK timing is different and system signals may locate differently.
3.1
UL
To support RN Rx/Tx in TDM, first transmission of RFT data should be scheduled in a fixed set of SF, and the retransmission SF is therefore determined in periodical pattern of 8ms e.g. for FDD, that is, when the first transmission is scheduled for RFT, the retransmission data should always be scheduled in subsequent relay sub frames according to RTT. A straightforward way of such rescheduling is to duplicate the same data at the same RB positions in retransmission sub frames to support CC. RN and eNB shall follow the same scheduling rule for retransmission of RFT to keep the synchronization. More advanced scheduling rule can be developed to support Incremental Redundancy. PUSCH should be scheduled to avoid collision with ACK/NACK in the same SF for RN UE, as RN need capture ACK/NAC. Such UL SF pattern exists paired with corresponding DL SF pattern.
In the case of RN successfully decoded a previous transmission of PUSCH, the REs carrying PUSCH retransmission are deterministic or deterministic for majority of REs to RN. The former case is typically pure PUSCH transmission, and the later case may be PUSCH multiplexed with UL control channels. RN should prepare retransmission in these deterministic REs. REs potentially occupied by control channel should be punctured when RN packs the RB for UL retransmission. 
Demodulation reference signal should be scheduled at RN in the same way as at the UE for PUSCH.
3.2
DL
DL wise, similar synchronous scheduling can be applied as above for UL, by identifying a set of sub frames for 1st transmission, or transmission intended for RN to receive and the subsequent SFs in periodicity of 8ms for retransmission. The corresponding PDCCH signaling should be issued as well to instruct UE to receive in the same way as in R8. However there is one more option in DL that the eNB may transmit only DL assignment without the corresponding PDSCH at retransmission when RN is assisting.

As in LTE R8 DL data can be adaptively retransmitted. There is possibly more freedom to schedule the first transmission, other than putting first transmissions of RFT all in one set of sub frames. Retransmissions however should be restricted in selected SFs, but not have to be in period, so that retransmission in RN can be triggered by an eNB-RN signaling in advance [3].  In addition adaptive scheduling may break the periodicity of SPS traffic or additional complexity is introduced. The synchronous scheduling however can naturally cater for SPS type of RFT, as initial SPS data can always be put in RN receiving SF. We recommend eNB should apply scheduling for synchronous HARQ retransmission for DL RFT. 

The same policy should be applied as well at RN to pre-schedule the retransmissions once a transmission of a RFT PDSCH is successfully decoded for a RN UE. And upon ACK detected for a HARQ process, RN should evacuate the corresponding resources in subsequent R-SF. Synchronization between eNB and RN for retransmission of RFT is therefore in such way achieved.  

In the above process for both UL and DL, whether the RN helps a UE on retransmission of a TB depends whether the following conditions are all met:

· the UE belong to the RN UE group

· the RN successfully decoded the TB from a previous transmission
· No ACK is received for the last transmission of the TB at the instance of the ACK/NACK timing

Note in the above process:

· NRFT data has the freedom to be scheduled in any SF, and don’t need to follow the synchronous scheduling.  The NRFT data can of course be scheduled to use the resources in an R-SF that are not occupied by RFT. This will secure efficient use of resources in R-SF.

· A R8 UE works without the knowledge of the RN, therefore works as usual as with a R8 network

Traffic load balancing between RFT and NRFT can be adapted by choosing various Relay SF patterns.
4. Identifying RN users
RN has to work in a TDM way to transmit and to receive at a given frequency band. This will result in shortage of resources in RN than a donor eNB that the RN can not support transmissions for all connected eNB UEs. It will be an issue then on how to identify UEs that need help from RN. This can be done in a number of ways. Simply the UEs can be identified by “needs”, e.g. UEs measured high retransmission rate can be identified at eNB for RN UE candidate. Thresholds can be defined to decide whether a UE should join the RN group or should be removed from the RN group. There are also possibilities to identify UEs that reached well by a RN. The decision of UE groups should be made by eNB with or without additional information provided by RN. The RN user group can be per RN or per donor eNB.

RN shall snoop signaling only relevant to a particular set of RN UEs.

5. Singalling between eNB and RN
Semantically eNB should update RNs with the sets of RN users and further information on the sets of RN users. The information should be sufficient for RN to snoop the signaling exchange between the targeted UE and the donor eNB, and should be sufficient for the UE to pack RBs for retransmission. RN should update eNB with the RN UE status perceived at the RN. 

eNB may explicitly update RN with SF patterns of R-R-SF and T-R-SF.

If adaptive retransmission is used, then eNB->RN signaling is probably needed in advance to trigger on the concurrent transmission of the subsequent R-SFs for retransmissions [3]. Such signaling will not be needed if scheduling for DL retransmission is in synchronous manner.

6. RN’s reaction on snooped controlling signaling
RN should snoop the signaling exchange between donor eNB and RN users, and take actions accordingly, in details:
6.1 ACK/NACK

For UL RFT, on reception of ACK from eNB for a RN UE, the RN should dismiss the corresponding pre-scheduled retransmission(s) from the subsequent R-SF(s), the corresponding REs should be free out for further use; on reception of NACK no particular action is needed sine the pre-scheduling has been done at the successful reception of the previous transmission at RN.

For DL RFT, on reception of ACK from a RN UE, the RN as well as the eNB should dismiss all the corresponding pre-scheduled retransmission(s) from the R-SF(s), the corresponding REs should be free out for further use; On reception of NACK, no particular action is needed sine the pre-scheduling has been done at the successful reception of a previous transmission at RN.

6.2 UL Grant
RN should capture UL grant for RN users, and prepare to receive PUSCH in the specified resources. The resource allocation of the PUSCH is informed via UL grant and is therefore made deterministic to RN at the time when UL grant is decoded; given that, if further the PUSCH is successfully decoded, the retransmission of corresponding PUSCH should be able to be prepared via the same synchronous retransmission scheduling as in UE, though the some REs from that PUSCH can be punctured. UL Grant from eNB is scheduled in line with UL relay SF patterns.
6.3 DL assignment
RN should decode the corresponding PDSCH if it is targeted at a RN UE. Upon successful decoding, the RN should schedule the retransmission in synchronous way as described in the section on scheduling.

7. Link adaptation

As no CRS is transmitted by RN, the combined links by eNB-UE + RN-UE can not be measured. The reported CQI is based on eNB-UE link as if no RN is present. Based on the eNB-UE link measurements, the transmission by default will likely be too conservative for the RFT. And fast link adaptation can not be performed since there are no direct measurements available. It is however possible for the eNB to do link adaptation by measuring number of retransmission and detected BLER. For example for a poorly located UE, the initially identified link quality on eNB-UE is likely poor, and the transmission is likely started with low data rate, i.e. conservative MCS, probably high BLER and a higher retransmission rate. And for that reason the UE is added to a RN UE set, by the help from RN average number of HARQ retransmission will be likely equal to 2 times, and BLER for the 2 transmissions is likely to be low, then the eNB should try to increase the MCS stepwise until before the number of retransmission become above 2 again, i.e. probe to maximize data rate. In the case that the throughput requirement may not be high as typically in UL, the eNB should consider to down grade UE’s transmission power on PUSCH for RFT, which will help to save UE’s power. 

8. Power control

An easy implementation can be that RN’s transmission power is semi statically configured e.g. based on coverage requirements and/or traffic load requirements. Power control for UL and DL can be considered separately at RN.

9. Summary

This contribution analyzed several design issues related to a type of transparent L2 relay employing  coherent joint processing via synchronous HARQ transmissions in patterned SFs. We further discussed feasibility of those mechanisms via relaying with LTE system. The proposed solution may introduce a cost effective implementation of L2 transparent relay while maintaining compatibility with R8 UE.

However, there are pre-assumptions to implement this proposal that should be noticed as well

· The RN UE need support DRS, which is currently mandatory only for TDD UE in 3GPP R8.

· The solution depends on UE robust decoding of physical control channels such as PDCCH, PHICH and PUCCH etc. Therefore the targeted application scenario of this proposal should be to boost throughput other than to amend coverage black hole.

· eNB need to apply synchronous HARQ transmission, which can be done by carefully designed SF scheduling patterns for relay facilitated UEs in both UL and DL.
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