
3GPP TSG RAN WG1 #56 
        

               R1-090623
Athens, Greece, February 9 – 13, 2009
Agenda item:
12.5
Source: 
Samsung 

Title: 



L1 relay design and operations
Document for:
Discussion and Decision

1 Introduction

In this contribution, we consider the design of L1 relay frame structures and its operations. The considered L1 relay amplifies and forwards the signals received from the donor eNB in a later subframe, for the target UEs in the relay node (RN) cell. We call it a smart L1 relay because as suggested in [1], the relay does not forward all the received signals backhauled from the donor eNB, but only the signals for the target UEs attached to the RN. By doing so, interference to other cells due to the signals unnecessary in the RN cell can be avoided. We consider TD relays [2]-[4] where the backhauling between the eNB and RN occurs in separate subframes from the ones for the links between the RN and UEs. In the following sections, we discuss frame structures and operations for supporting efficient L1 relays in LTE-Advanced, without needing the sophisticated higher protocol layer functionalities required in L3 relays.
2 Frame structure and cell search
A baseline assumption for L1 relay is that the RNs do not decode the signals received from the donor eNB, but just forwards the received signals. In doing so, an integer multiple of subframe delay is assumed in the delivery of the received signals to the target UEs, as shown in Figure 3 of [2]. We illustrate below the case that there are two RNs in the cell area served by the donor eNB. 
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Figure 1. An example frame timing between the donor eNB and RNs for L1 TD relay
In Figure 1, each RN configures its DL frame timing based on the acquired DL timing from the synchronization signals and PBCH received from the donor eNB. The frame timing difference between the eNB and each RN is assumed to be pre-configured by the eNB. The L1 relay RN1 and RN2 will store the soft symbols for the received PSS/SSS and PBCH and forward them in the configured subframes, as seen in Figure 1. It is noted that for the UEs located in the coverage hole areas, which are not covered by the eNB, each RN should transmit the synchronization signals and PBCH as well. 
By having different frame timing between the eNB and RNs, each cell supported by the eNB and RNs can be recognized as a separate cell by the UEs. For example, the UEs located near to RN1 will receive stronger synchronization signals from RN1 than from the eNB and RN2, and will synchronize the DL timing to the DL frame of RN1. Even in cases that a UE is located between the eNB and RN1, and receives the PSS/SSS with similar power from the eNB and RN1, the UE will anyhow synchronize the DL timing to one of the DL frames either from the eNB or RN1 with larger received PSS/SSS power. 
Note that in cases the two RNs, RN1 and RN2, are located in separate geographical areas with almost no overlap of cell coverage between them, RN1 and RN2 can be assigned the same radio frame timing, e.g., one subframe difference from the eNB DL timing. 
Basically, PSS/SSS, PBCH and RS will be forwarded by the RN as received from the eNB. As the RS received by a UE in the RN cell contains the combined channel information for the two links between eNB and RN and between RN and the UE, the UE can utilize the RS for the channel estimation and demodulation of the received PBCH, as both RS and PBCH are transmitted via the same propagation channels. As a smart L1 relay is considered, each RN does not simply forward all signals in the subframes where PSS/SSS and PBCH are transmitted, but the signals needed by the UEs in the RN cell including PSS/SSS and PBCH. It is also noted that the UE trying to decode PBCH after acquiring PSS/SSS does not know whether it is accessing a RN cell or an eNB cell. Also, the UE cannot know whether the two cells with the same cell ID, but with different radio frame timing sends the same PBCH. Thus, the UE would not combine PBCH sent by the eNB and the RNs. 
3 Backhauling

In Figure 1, subframes #2 and #4 of the eNB are assumed to be used for backhauling data traffic to RN1 and RN2, respectively. In order to receive the backhaul traffic from the eNB, RN1 and RN2 configure their subframes #1 and #2 as backhaul subframes, respectively. For example, the eNB transmits the backhaul traffic for RN1 in subframe #2 possibly with the traffic for the UEs attached to the eNB. That subframe of the eNB is aligned with subframe #1 of RN1. In this backhaul subframe #1, RN1 receives the backhaul traffic from the eNB, and does not transmit any signal in the RN1 DL. These backhaul subframes will be pre-configured between the eNB and RNs and will also be indicated to the UEs attached to the RNs. It is noted that the considered L1 relay RN1 stores only the signals for the UEs attached to the RN1 cell and discards the other signals, as will be discussed in the next section. In subframe #2 following the backhaul subframe, RN1 forwards the stored soft symbols for the PDSCH for the UEs camping in the RN cell. 
In case of RN2, the frame timing difference from the eNB timing is two subframes in Figure 1. Thus, RN2 needs to store the received PDSCH for two subframes and then send them. Note that the index of the eNB subframe containing the backhaul traffic is the same as that of the RN2 subframe in which the traffic is forwarded. 
Also, it is noted that for the eNB subframes #0, #5, #9 where PSS/SSS, PBCH and paging signals are sent by the eNB, the RNs configures their subframes aligned with those subframes as backhaul subframes in order to receive those signals from the donor eNB, as shown in Figure 1.
4 Forwarding of PDCCH / PDSCH / RS

In this section, we discuss the L1 relay operations to forward PDSCH only for target UEs and the reception of the forwarded PDSCH by the UEs in the RN cell. In Figure 2, we assume that RN1 receives backhaul traffic from the donor eNB in the eNB subframe #2 as in Figure 1. In subframe #2, the eNB transmits PDSCH#0~#3, among which PDSCH #1 and #3 are assumed to be for the UEs camping in the RN1 cell. For clear illustration, the CCE aggregation is simplified in Figure 2.
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Figure 2. Forwarding of PDCCH, PDSCH and RS by RN1.
As suggested in [1], the smart L1 RN needs some MAC functionality to forward only the PDSCHs for the UEs attached to the RN. Also, the RN should be able to decode the PDCCHs in order to identify whether any UE camping in the RN cell is scheduled and should know the C-RNTIs of the UEs. 
For the successfully decoded PDCCHs in the backhaul subframe, the RN can identify which PDCCH and PDSCH are for the UEs camping in the RN cell and will store the soft symbols for those PDCCHs and PDSCHs while discarding the signals that are not intended for the UEs of the RN cell. Then, the interference to other cells, due to the signals unnecessary in the RN cell, can be avoided. For example, in Figure 2, RN1 decodes PDCCHs in the eNB subframe #2 and identifies that the PDCCHs and PDSCHs #1 and #3 are for the UEs camping in the RN1 cell. After storing the soft symbols for those physical channels, RN1 transmit them on the same frequency resource and subframe scheduled by the donor eNB. It is assumed that decoding of the PDCCHs can be completed before the next subframe starts. Moreover, the donor eNB can apply interference management to the RBs where PDCCH #1 and #3 are transmitted by RN1, e.g., to not schedule any PDSCH or to schedule cell center UEs in those RBs in subframe #2 of the RN.
The target UEs will utilize the RSs forwarded by the RN from the donor eNB in order to demodulate the PDCCHs and PDSCHs. We assume that the RN forwards all RS symbols received in the backhaul subframes, not only the RS symbols in the RBs where the PDSCH for the target UEs are sent, as seen in Figure 2. The RS symbols scattered over the whole band can be used for wideband and per-subband channel quality measurement as well as for the demodulation of DL physical channels. The L1 relay does not need to send any relay-specific RS as both RS and physical channels are forwarded as received from the donor eNB. 
5 Backward compatibility

One important question concerning backward compatibility is whether the Rel-8 LTE UEs can be supported by this kind of L1 relays. In view of cell search and PDCCH/PDSDCH reception discussed above, the operations are the same as assumed in LTE. But, if we consider the ACK/NACK response, UL transmissions and HARQ related issues, backward compatibility may be difficult to achieve. For example, DL ACK/NACK for a PUSCH should be sent four subframes after the PUSCH is sent by the UE. According to the relay operations presented in this contribution, at least one subframe delay is incurred for the RN to forward the signal received from the source. Then, the DL ACK/NACK cannot be received by the UE in the subframe timing defined in Rel-8 LTE. We may need to define a different timing for the transmission of ACK/NACK and also HARQ in case that the UEs are attached to RNs. Then, backward compatibility would not be met and only LTE-Advanced UEs may be supported in the RN cells. 

6 Conclusions
In this contribution, we discussed L1 relay operations where the RN forwards only signals for the UEs attached to the RN. The frame structure and related DL operations to support the L1 relay were presented. By having different radio frame timing between the donor eNB and RNs, the RNs can be identified as independent cells when the UE carries out cell search and DL data receptions. Some concerns over L1 relay identified in the investigations are:
· Larger impact on physical layer specifications, compared to L3 relay
· Support of backward compatibility to LTE Rel-8 UEs

But, L1 relay has the benefit that sophisticated higher protocol layer functionalities required in L3 relays are not needed to be developed in the RN and eNB.  The issues on UL transmissions, ACK/NACK response, HARQ, etc., are open for further investigation to assess whether this kind of L1 relay is feasible in LTE-Advanced.
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