
TSG-RAN WG1 #59
R1-094449
Miyazaki, Japan, October 12 – 16, 2009
Source:
Ericsson, ST Ericsson
Title:
On the use of PDCCH for relaying
Agenda Item:
7.8.1
Document for:
Discussion and Decision

1. Introduction
RAN1 has discussed the use of a new control channel structure, the R-PDCCH, for the backhaul link between the donor cell and the relay node. The R-PDCCH is transmitted outside the control region in the donor cell using a semi-statically configured set of resource blocks (RBs) as illustrated in Figure 1. 
Defining the R-PDCCH (and possibly related channels such as R-PHICH and R-PCFICH) may require a substantial design effort, revisiting many of the decisions taken during the Rel-8 design. Examples hereof are  discussions in RAN1 on FDM-vs-TDM of control signaling, the need for R-PCFICH, details of the mapping of control channels to resource elements, etc. The control channel design might also impact other areas such as reference signals as pointed out by several companies in RAN1. Reusing the Rel-8 design would, from this perspective, significantly simplify the overall standardization and implementation effort. Finally, note that, irrespective of the presence/absence of the R-PDCCH, a RN needs to support reception of Rel-8 control signaling in order to receive configuration information at initial configuration. Thus, R-PDCCH comes in addition to other Rel-8 functionality, not as a replacement. 
Fundamentally, the R-PDCCH is only motivated when the relay cannot receive and transmit simultaneously (“half-duplex relay”) and subframe alignment between RN and eNB. The reason is, as illustrated in Figure 1, that the RN in this case cannot receive eNB control signaling at the beginning of the subframe as Rel-8 UEs expect the reference signals being presenting the first OFDM symbol(s). For other situations, e.g. when eNB(RN and RN(UE are in different frequency bands or when there is sufficient antenna isolation between the two links (“full-duplex relay”) or when there is no need for subframe alignment between RN and eNB the PDCCH can advantageously be used. Using the PDCCH avoids the overhead from semi-statically reserved “R-PDCCH resources” as well as avoids the “trunking loss” between directly connected UEs and relays present when the R-PDCCH is used.
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Figure 1: Illustration of PDCCH and R-PDCCH.

2. Backhaul control signaling using the PDCCH

As stated in the introduction, eNB-to-RN control signaling can use the PDCCH when the eNB-to-RN and RN-to-UE use different frequency resources or when there is sufficient antenna isolation between the two links or by offsetting the eNB and RN subframe structures in the time domain. The former case is obvious and the latter is illustrated in Figure 2. By advancing the RN timing 1-2 OFDM symbols compared to the eNB timing (as observed at the RN), the RN can receive the PDCCH control signaling. This approach works for FDD as well as for TDD (Figure 3), uses mechanisms available already in Rel-8 and is mainly an implementation issue. The last part of the eNB-to-RN transmission can in this case not be received by the RN, but this can be handled in a similar way as for half-duplex FDD or by letting the eNB not transmit this last one or two OFDM symbols.
As the relay anyway need to be capable of receiving the ‘normal’ PDCCH, there is no reason for the specifications to preclude the use of the PDCCH also for the backhaul link (or, expressed differently, the R-PDCCH can collapse into the conventional PDCCH). Usage of R-PDCCH should instead be seen as an extension on top of the PDCCH to address additional scenarios.
Proposal: Include the text proposal in the appendix into TR36.814, allowing PDCCH for L1/L2 control signaling on the backhaul link. 
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Figure 2: Time offset between eNB and RN cells.
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Figure 3: Time offset between eNB and RN cells (TDD).

3. Conclusion

It is proposed to

· support PDCCH for control signaling on the eNB(RN link

· include the text proposal in the appendix into TR36.814

I
Appendix: Text Proposal for TR36.814
--- Start Text Proposal ---

9.1.3

Backhaul resource assignment
Downlink L1/L2 control signaling from the eNodeB to the relay can be based on
· Rel-8 control signaling (PDCCH)
· New control signaling (R-PDCCH)
9.1.3.1
Reuse of Rel-8 control signaling
In this case, the Rel-8 structures (PCFICH, PHICH, PDCCH) are reused for L1/L2 control signaling to the relay node. 
9.1.3.2
New control signaling
In case of downlink backhaul in downlink resources, the following is valid

-
At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching 

-
The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned
-
The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship
-
A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
-
The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH” physical channel). The R-PDCCH may assign uplink resources in one or more later subframes. 
-
Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.
-
The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
-
If the “search space” approach of R8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth),  is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
-
The R-PDCCH is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
-
“R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
--- End text Proposal ---
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