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1
Introduction

It was agreed at Jeju meeting that [1] “Relaying is considered for LTE-Advanced as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas”. Relays were further categorized into transparent and non-transparent relays, where transparent relay means UE is not aware of whether or not it communicates with the network via the relay. 
As both transparent and non-transparent relays could be considered for LTE-A, transparent relay has certain advantages in the sense that it will introduce no impact to the UE, especially Rel-8 UE, so it could be used to improve the coverage and cell-edge throughput for LTE-A and Rel-8 system. On the other hand, if a relay station is going to be deployed to support LTE-A UEs as a non-transparent relay, it could also be used to function as transparent relay for certain Rel-8 UEs. In this case, no additional deployment cost will be needed to support transparent relay.  
A number of contributions ‎[2]

 REF _Ref209617903 \n \h 
‎-[4] have been submitted to discuss different aspects of transparent relays including some refinements on the design of such system. This contribution is to further address some design aspects raised during discussion at the last meeting to further improve the design of transparent relay system. 
This contribution is a resubmission of R1-083866
2
More Design Aspects for the Transparent Relay in LTE-A
During the discussion on the transparent relay at Jeju meeting, a number of issues were raised. In this section, some of these issues are addressed and some solutions are proposed to resolve these issues. 

2.1
Signaling to relay on retransmission attributes
In ‎[2], it was originally proposed that a transparent relay station (NR for node of relay) could be used to improve downlink HARQ transmissions. As shown in Figure 1 , the procedure of such transparent relay station would be as follows:

1. The NR will first listen to the eNB during the first transmission and decode received data

2. After decoding the data properly, it will listen to the ACK/NACK from the UE. 

3. If a NACK is sent from the UE, the NR will send the retransmission data in the same subframe when eNB sends the retransmissions. 
The re-transmitted signal sent from NR can be viewed as multi-path signal as that sent from the eNB if the timing between NR and eNB are properly synchronized. This signal combined with that from eNB could improve SNR at UE for re-transmission and increase the chance of retransmissions success, this will lead to reduced number of re-transmission and increased cell-edge and sector throughput. 
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Figure 1: Transparent relay in downlink
However, an issue of such design comes from the fact that for LTE downlink, asynchronized, adaptive HARQ is configured. That means the re-transmission from eNB is not sent at a predetermined time known to the NR, in addition, other retransmission attributes such as MCS, resource allocation could also vary from transmission to retransmission. 
In asynchronized HARQ, the re-transmission attributes are signaled through downlink common channel PDCCH. As PDCCH channel is transmitted in the first several symbols of the same subframe as the PDSCH (retransmission) it indicates, there is no or very little time gap between the symbols of PDCCH and those of PDSCH. As shown in Figure 2, , this arrangement makes NR barely have time to switch from reception mode to transmission mode and send retransmission signal on corresponding symbols after knowing from PDCCH that there will be PDSCH (retransmission) in the current subframe.  
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Figure 2: Issue related to NR decoding PDCCH and PCFICH
Another issue raised is that there exists possibility that the number of PDCCH symbols could vary from subframe to subframe, such that the start of PDSCH could vary from subframe to subframe. One way to know the number of PDCCH symbols is to decode the PCFICH channel which is carried in the first symbol in each subframe. As shown in Figure 2, similar to the previous situation, the NR may not have enough time to switch from reception mode to transmission mode and place the retransmission data on subsequent symbols in the same subframe after decoding PCFICH in the first symbol of this subframe. 
To solve these issues, one simple and straightforward solution is to send a signal  from eNB to NR one sub-frame ahead of re-transmission to inform HARQ retransmission timing and relevant attributes. As illustrated in Figure 3, if first transmission is sent on subframe n, and retransmission is scheduled on subframe m, eNB could send a signal to NR in subframe m-1 to inform NR about the upcoming retransmission and its attributes. This will give NR enough time to prepare for the retransmission. 
· .
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Figure 3: Signaling to NR about retransmission
Such mechanism would require scheduler to decide one subframe earlier where to schedule the retransmission, it seems that this will lead to minor loss in capturing instantaneous channel variation. However, it is believed that in such systems with enabled relay stations, the benefits from using relay would be far more than this small scheduling loss on instantaneous channel variation 
The signaling from eNB to NR can be viewed as the signal sent on the eNB-NR link, or called network-relay link ‎[1]. Such link could be inband or outband, meaning it could share the same frequency band as network-UE link or using separate frequency band. 
If such signal is sent on inband network-relay link, it could use reserved resources from PDCCH or PDSCH in the previous subframe as shown in Figure 4. The eNb could send the signaling with retransmission attributes one subframe ahead of retransmission. The NR would listen to such information and if it detects such information, it will prepare the retransmission and send it in the next subframe, the same time as eNB. 
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Figure 4: Retransmission signaling sent on inband network-relay link

If such signal is sent on outband network-relay link, it will use a separate frequency band. In this case, as shown in Figure 5, it could send such information one subframe ahead of the retransmission, or it could send it in the same subframe as retransmission as long as enough guard time is preserved for NR to send the retransmission in time. The relay station needs to have the capability to receive and transmit on different frequency bands.
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Figure 5: Retransmission signaling sent on outband network-relay link

2.2
The need of increased CP length

Another question raised in the discussed at the last meeting is whether the introduction of such transparent relay could require an increase in the CP length, due to the difference in distances between eNB/NR and the UE. We feel that there is no need to change the CP length as arrival time difference could be compensated by adjusting the timing between eNB and NR properly. This could be achieved automatically by NR itself after aligning its own timing from downlink sync channel and transmitting at different time from eNB, making its signal arriving at UE around the same time as eNB. The alternative could be to have eNB measure the timing difference from NR and UE, and send the timing difference to NR for NR to adjust its own timing.
2.3 Transparent relay vs non-transparent relay
It was captured in [1] that both transparent and non-transparent relays will be considered by LTE-A. Transparent and non-transparent relay each has its own advantages. Transparent relay is simple and has no impact to UE, so it could be used to support Rel-8 UE in both Rel-8 networks and LTE-A networks. On the other hand, non-transparent would have more functions than transparent relays, and it could be used to support more advanced LTE-A UE. So these two types of relays are complementary to each other and there should be no conflict in considering them both for LTE-A system.  On deployment side, these two types of relay could co-exist on the same relay station, which means no extra cost would be involved to support them both.
3 Conclusions
In this contribution, some issues related to the design of transparent relay in LTE-A downlink is further discussed. Some solutions are proposed to address these issues. To solve the issue that relay station does not have prior knowledge of retransmission attributes due to the use of asynchronized HARQ in LTE downlink, it is suggested that eNB signals this information to NR using network-to-relay link. Such signal could be sent on inband or outband network-to-relay link. Other issues are also discussed which include whether longer CP is needed in the system with transparent relay, the benefits and co-existence of transparent relay and non-transparent relays etc. We believe that both transparent and non-transparent relays should be considered and supported in LTE-A system as each of them could be suitable for different scenarios. No additional deployment cost is needed if a relay station is configured to support both transparent and non-transparent relay functions.  
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