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Discussion/Decision
1. Introduction

For inband Type I relay, eNB → RN and RN → UE links are time division multiplexed in a single frequency band, MBSFN subframes will be configured by Type I Relay in order to facilitate the backhaul link transmission, without affecting the normal operation of Rel-8 UEs in the access link. Because of the MBSFN configuration, resources used for relay backhaul transmission only consist of Rel-8 PDSCH region, i.e. the discussion of R-PDCCH and R-PDSCH multiplexing in Rel-8 PDSCH region. Different resource structures and fading channel characteristics between backhaul and direct link imply that the design for backhaul reference signals should be different from the direct link. We present some further discussions on backhaul reference signals design in this contribution.
2. DMRS for R-PDCCH
L1/L2 control signals for inband Type I Relay are transmitted in Rel-8 PDSCH region, i.e. the so-called R-PDCCH. Details of multiplexing scheme of R-PDCCH and R-PDSCH are being discussed. For example, FDM and FDM + TDM are candidate multiplexing schemes. Besides multiplexing schemes, interleaving choice is another important aspect for R-PDCCH. Interleaving can provide frequency diversity and hence enhance (R-)PDCCH detection reliability against frequency selectivity fading and interference. Moreover, if interleaving is supported, process procedure of R-PDCCH could reuse Rel-8 specifications. Interleaver design can have big impact on design of R-PDCCH demodulation reference signals.
1) All R-PDCCHs Interleaved Together
If all R-PDCCHs are interleaved together as for LTE Rel-8 PDCCH, it is difficult to support RN-specific precoding since R-PDCCH is now cell-specific for RNs within a cell. Then Rel-8 CRS could serve as demodulation reference signal for R-PDCCH.

One exception would be MBSFN subframes configured for backhaul link by LTE-A eNB. We know that LTE-A supports PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS [1], the main purpose is to reduce RS overhead for Rel-10 UE, as well as to reduce the impact on Rel-8 UE caused by Rel-10 CSI-RS. But for relay, the lack of Rel-8 CRS in non-control region of MBSFN subframe makes it impossible to use Rel-8 CRS for R-PDCCH demodulation if backhaul transmission occurs in MBSFN subframes. One possible solution would be to introduce a new reference signal in backhaul downlink to support R-PDCCH demodulating, and this reference signal is non-precoded and cell-specific. 
2) R-PDCCH without Interleaving

R-PDCCH could also be transmitted without interleaving. For example, each R-DCI is transmitted in a frequency band that has good channel quality for the dedicated RN, i.e. in order to get frequency selectivity gain [2]. R-PDCCH is RN-specific if interleaving is disabled, CRS can still be used for R-PDCCH demodulation. On the other hand, precoding could also be applied to R-PDCCH to enhance transmission reliability, especially when the relay node is stationary and the fast fading changes very slowly. In such case, some design rules for Rel-9/Rel-10 DMRS can be considered, although the DMRS design for R-PDCCH may have more constraints such as REG size if REG is supported.
3. DMRS for R-PDSCH
Discussions about DMRS for LTE-A direct link are on-going and significant progress was made during Shenzhen and Miyazaki meetings [3]. Due to the special characteristics of backhaul fast fading channel and resource structures of backhaul link compared with direct link, there may be some differences between backhaul link DMRS and direct link DMRS.

An important difference between backhaul and direct link is the resource structure. Transmission and reception are operated in the same frequency band for inband Type I Relay, which requires transmission gaps for relay to switch from transmission to reception or vice versa in downlink backhaul. Figure 1 shows an example of resource structure of backhaul subframe containing the gaps for transmission/reception switching.
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Figure 1：An example of backhaul resource structure
In discussions of Rel-9/Rel-10 downlink DMRS, the agreed DMRS pattern for subframe with normal CP is shown in Figure 2 [3].
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Figure 2：DMRS pattern for subframe with normal CP length
As observed in Figure 2, time-domain spread CDM multiplexing method is used for DMRS multi-layer transmission mode. If the last OFDM symbol cannot be received by RN in downlink backhaul subframes due to the gap shown in Figure 1, DMRS in the second slot comes useless for multi-layer transmission mode in backhaul. In the email discussion during last RAN1 meeting, DMRS pattern for DwPTS was recommended for relay backhaul, which is shown in Figure 3 [3]. The left one is applied for DwPTS that has {11, 12} OFDM symbols while the right one is for DwPTS having {9, 10} OFDM symbols for subframes with normal CP length.
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Figure 3：DMRS pattern for DwPTS with normal CP length
While the ending gap issue could be solved with DMRS pattern for DwPTS subframes, there is another issue: the 3rd OFDM symbol cannot be received by RN due to the transmission – reception switch gap, and then DMRS in the 3rd and 4th OFDM symbols becomes useless for multi-layer transmission mode in backhaul. That means the agreed DMRS pattern for DwPTS with normal CP is not suitable for relay backhaul either.

An alternative approach would be to puncture DMRS in 2nd slot of backhaul subframe, i.e. the DMRS on backhaul link is “part” of DMRS of direct link, as shown in Figure 4.
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Figure 4：DMRS pattern example of lower density for relay backhaul
Performance evaluations is needed for the DMRS pattern in Figure 4, given the appropriate deployment scenarios for type I relay, for example, whether mobile relay should be considered. Note that supporting of 8-layer transmission seems difficult with such DMRS pattern.

Another approach would be to shift mapping OFDM symbol location based on the DMRS pattern of direct link, i.e. to avoid the collision between DMRS and reception/transmission gap of backhaul link. An example is shown in Figure 5. 
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Figure 5：DMRS pattern example of higher density for relay backhaul
Given the good channel of backhaul link, the higher density of DMRS in Figure 5 could be unnecessary. More concrete analysis is needed once fast fading model is agreed for backhaul link. It is also noted that if DMRS pattern in Figure 5 is considered, design of Rel-10 CSI-RS should be carried out carefully to avoid the collision between backhaul DMRS and Rel-10 CSI-RS.

Moreover, design of backhaul DMRS should be considered in conjunction with R-PDCCH design, e.g. multiplexing scheme of R-PDCCH, REG size of R-DCI, etc.

4. Conclusion

In this contribution, we further discussed DMRS design for backhaul downlink, taking into account differences in resource structure, channel types, etc, between backhaul link and direct link. Some details about DMRS design are discussed.

· DMRS for R-PDCCH

DMRS design for R-PDCCH is significantly affected by the choice of multiplexing schemes, interleaving and subframe type for backhaul link.

· DMRS for R-PDSCH

DMRS design for R-PDSCH can reuse some design rules for the direct link. On the other hand, different treatment is needed where special characteristics of backhaul channel and subframe structure are taken into account.
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