Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #57bis
 R1-092565
Los Angeles, US, 29th June – 3rd July, 2009
Source: 
Nokia Siemens Networks, Nokia
Title:
Further Aspects of Control Channel for Relay Backhaul link 
Agenda item:
15.3 Study Item on LTE-Advanced, Relaying 

(Control signaling for relay link)
Document for: Discussion
Introduction

Relays can use the MBSFN subframe on the link towards their UEs to make some time available to receive from the donor eNB without interference from the relays own transmissions. In [1], it was explained that the relay (RN) will not be able to receive the control channels from the donor eNB (DeNB) because some switching time will be required and because the first one or two symbols of the MBSFN subframe are used for Reference Symbols (RS) and control needed for the RN attached UEs (R-UEs). Further, it was proposed to embed control signaling into predefined PRBs and not schedule Rel8 UEs on those. In this way an efficient backward compatible implementation can be done, reusing most of the design principles of the present control channel design. This contribution further develops aspects of control signaling for the backhaul link. 
Resource Allocation on DL and UL Backhaul link
In Rel8, the PDCCH and PHICH configurations and structures are derived by the UE during the cell access procedure depending on the system bandwidth of both UL and DL in FDD, or system bandwidth and DL/UL configuration in TDD. The PHICH mapping to resources depends on the subframe configuration (MBSFN or non-MBSFN), FDD or TDD, normal or extended cases. The PCFICH transmitted in the first symbol of each subframe indicates the number of symbols for the DL control signaling – i.e. PHICH and PDCCH.  

The basic change that is needed compared to the Rel8 control channel is the fact that we have to avoid the first few OFDM symbols that are not accessible to the relay. The most straight forward approach is to transmit the control in some of the subsequent symbols that can be received [1]. With this basic change implemented in the RN, could the Rel8 framework on DL control signaling, i.e. structuring of PDCCH (CCE arrangement etc.), mapping of CCE for PCFICH, PHICH and PDCCH, interleaving, channel coding and rate matching, and so on, be reused for Relay DL backhaul? These anyhow operate in a bandwidth agnostic way, so it looks feasible to operate the control signaling channels R-PHICH, R-PDCCH/PDSCH transmitted on the DL backhaul in any bandwidth between 6 to 110 PRBs. 

Assuming the frequency/time resources of the common search space for the RNs are semi-statically configured by DeNB, each RN can search across the 'R-CCE' region to find out whether one of the detected R-PDCCH is addressed to itself. If the searching space is allowed to span the whole system bandwidth, the DeNB may multiplex macro UEs (M-UE) with RNs with full flexibility. The DeNB may also allocate frequency/time resources for the backhaul dynamically within the searching space. This allows the RN to

· Get its DL resource assignment in the detected R-PDCCH. Frequency Domain Multiplexing (FDM) of M-UEs (PDSCH) and RN (ctrl signaling and data) cannot be avoided if DeNB multiplex M-UEs and RNs on backhaul SF. Unused PRBs on backhaul SF may still be allocated to M-UEs by DeNB scheduling

· Use the knowledge of the R-CCE index corresponding to its R-PDCCH for the purpose of some implicit resource allocations. For example, R-CCE index corresponding to DL grant may be used for implicit allocation of UL backhaul resources for ACK/NACK feedback if multiple RNs are multiplexed in R-PUCCH. 

The outlined procedure may re-use rel-8 MAC functionality for the DL assignment and UL grant to RN on backhaul link. It also allows multiplexing of M-UEs and RNs over the subframes used for the backhaul, both in the DL and the UL, while minimizing the impact on the DeNB implementation. The RNs are seen as a special UE by the DeNB. The R-PDCCH blind decoding over the semi-statically configured search space may increase the search space complexity at the RN to some extent. This may depend on the compromise between the number of blind decoding and flexibility in the multiplexing of M-UE and RNs. Hence, higher RN search space implementation complexity and some constraint on the DeNB scheduler over the backhaul link may be expected. 

Time Domain Multiplexing (TDM) of R-PDCCH and R-PDSCH is seen as an effective way, which is also the concept for Rel-8 PDCCH and PDSCH. Therefore, unless any critical issue is identified, TDM of R-PDCCH and R-PDSCH should be the baseline for further studies. The starting time of the DL control signaling on the backhaul link is assumed to be known by all the RNs. The symbol position index in the MBSFN subframe may be indicated by the DeNB to all the RNs via RRC signalling in a static way via SIB during initial RN access to DeNB cell or in a pseudo-static way over R-PDCH afterwards. The number of symbols allocated to the control signaling for the backhaul may be indicated by RRC signalling or via R-PCFICH. The former approach may fit scenarios where the backhaul configuration for the RNs does not need to be changed often; while the latter may be adequate for cells with many relays experiencing rapid traffic fluctuations. It seems adequate to map control signaling such as R-PCFICH and R-PHICH to certain pre-defined backhaul resources, while the detailed mapping should consider detection probability as well as impact on macro cell scheduling flexibility.  
As DeNB may schedule M-UEs and RNs on the backhaul resources, pre-defined R-PDCCH region via RRC signaling may be needed as illustrated in Figure 1. The RNs may search for the R-PDCCH addressed to them. This allows each RN to know its ‘R-CCE’ index. The figure illustrates an arbitrary pre-defined R-PDCCH search space in the part of sub-frame available for backhaul as an example. The searching space could be RN specific or common, and its detailed definition should take into account several aspects, e.g., R-CCE arrangements, R-PDCCH formats, and the RN searching complexity. In the example, the backhaul resources could be mapped to a given RN by using a subset (preferably consistent with Rel-8 DL resource allocation type) of contiguous PRBs (e.g. RN1) or non-contiguous subset (e.g. RN2) to allow more flexibility in scheduling resources to M-UEs and RNs over the backhaul resources. The R-PDCCH and R-PDSCH may be Time Domain Multiplexed and Frequency-Domain Multiplexed, and Frequency Domain Multiplexed (FDM) with R8 PDCCH. The former way follows the principle of DL R8 control signaling, while the latter allows more efficient multiplexing of RN s and M-UEs
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Figure 1: R-PDCCH and R-PDSCH can be time separated together and frequency separated with R8 PDSCH. 
DCI Format for R-PDCCH
In Rel8, rate matching for the PDCCH and the code rate are completely dependent on the DCI format length and the number of CCEs used. This allows use of a wide range of effective code rates for maximum flexibility. Similarly, rate matching could be used for R-PDCCH based on DCI format for R-PDCCH and number of R-CCEs used on the backhaul resources. In practice, a relatively higher effective code rate range may be possible for fixed relays due to the relatively better link gain available for the backhaul of fixed relays. This may involve relatively fewer transmission schemes of the R-PDSCH and, hence, it is believed that relatively fewer DCI R-PDCCH formats may be needed compare to PDCCH for R8 UEs.  
Higher-layer multiplexing of Transport Blocks (TB) on Backhaul
In [1], it was proposed that the TBs of multiple R-UEs may be bundled over backhaul, both DL and UL. This allows MAC efficiency gains depending on backhaul link reliability. One bit for ACK/NACK of multiple TBs on the R-PHICH (for the UL packet acknowledgment) and R-PUSCH (for the DL packet acknowledgment) may be sufficient. However, a single TB in error will cause retransmission for the whole bundle. Further it is essential that sufficient amount of data can be transmitted in a single TTI, as it would be inefficient to send relatively small data payload on the backhaul link - e.g. a TCP-ACK packet is transmitted and may block the entire transmission opportunity on the backhaul. Hence, some bundling or multiplexing of TBs over the backhaul is required. This could be done either on L1 or on higher layers. It is considered to be more efficiently done at higher layers, as this avoids impact on the L1 control channels including R-PDCCH and ACK/NACK.  
Conclusion

In this contribution we have further detailed the design for the new control signaling that will allow supporting relays. We have shown that the Rel-8 control signaling mechanisms for the allocation of resources on the DL and the UL can be re-used for the backhaul. In order to ensure efficient utilization of the backhaul link some bundling or aggregation of packets is desirably done at higher layers. This will implicitly also reduce the relative impact of the L1 control overhead. 
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