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1. Introduction
In last meeting, there was agreed a working assumption on demodulation RS for R-PDSCH and R-PDCCH [1] which is modified from in [2]. For the further progress, we evaluated some issue points raised by some companies and in accordance with the results we proposed preferred approaches for R-PDSCH and R-PDCCH in following sections.
Agreement:

· For R-PDCCH,

· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.
· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH
2. Demodulation RS for R-PDSCH
In the relay backhaul link, a type of aggregated traffic is transferred to/from a relay node in which there are multiple UEs, and thus advanced transmission scheme to support higher data rate transmission (e.g., 8 Tx antenna, CoMP, and MU-MIMO) will be required in accordance to Rel-10 LTE-A. 
The cell-specific RS, i.e. Rel-8 CRS can be used for demodulating R-PDSCH. However, it cannot support the enhanced transmission techniques being developed for advanced Rel-10 transmission modes which utilize 8 transmission antennas or non-codebook based precoding (e.g., ZF-beam-forming, eigen beam-forming). Given that a relay channel is mostly semi-static, it seems natural to adopt a precoded-RS for R-PDSCH so that a relay may enjoy the benefit of sophisticated MIMO schemes specified in Rel-10.
Figure 1 shows the preliminary performance result in case of 4x2 backhaul link. The simulation parameters are listed in Annex Table 1. 
Three candidates for the demodulation of R-PDSCH in backhaul link are compared with each other. The first figure (“DM-RS w/o CRS” in Figure 1) represents demodulation of R-PDSCH by means of DM-RS only while CRS doesn’t coexist in the subframe (achieved by macro-eNB by means of LTE-A only subframes). The second figure (“DM-RS with CRS overhead” in Figure 1) represents demodulation of R-PDSCH by DM-RS when CRS coexist in the same subframe redundantly. The CRS is used for provisioning macro Rel-8 UEs which are multiplexed with backhaul link in the same subframe.  The last figure (“Partial CRS” in Figure 1) represents demodulation of R-PDSCH by a portion of Rel-8 CRS in a subframe. This is because CRS in the first and second OFDM symbol cannot be utilized for backhaul demodulation due to DL backhaul subframe nature.
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Figure 1: eNB-RN backhaul link performance result according to the demodulation method
Our observation is that “DM-RS w/o CRS” outperforms the other methods. It is notable that the throughput gain comes from the use of beam-forming pattern based on the well precoded-RS and from no CRS overhead. The simulation results for demodulation with DM-RS also take into account the CSI-RS overhead needed to support link adaptation with DM-RS. Even with additional CRS and CSI-RS overhead (DM-RS with CRS overhead), its performance is comparable to the method using a portion of CRS. In other words, even though the demodulation of R-PDSCH relies only on DM-RS, the resultant performance is quite competitive in most cases, even in case that CRS occupies some resource elements in the subframe. Note that DM-RS simulation results above used legacy Rel-8 feedback and precoding mechanisms, and we believe further performance improvement is achievable with demodulation with DM-RS by utilizing enhanced feedback and precoding technologies. Therefore, we suggest that the demodulation of R-PDSCH is based on DM-RS for Rel-10.
In addition, if there is a relevant scenario which can’t help but to depend on only CRS for demodulation, R-PDSCH may be demodulated by assistance with CRS in configurable manner.

Proposal#1: Relay demodulates R-PDSCH by means of DM-RS to support Rel-10 transmission modes. In configurable manner, R-PDSCH may be demodulated by CRS if there’s any relevant scenario. 
3. Demodulation RS for R-PDCCH

Relay backhaul channel is mostly stable if fixed/nomadic relay scenarios are considered as the first priority at this stage. Moreover, a LOS probability of backhaul link is higher than that of the eNB-UE link due to higher antenna height and site optimization. Thus, a RN-specific beam-forming seems to be helpful rather than diversity mode or higher rank transmission in the perspective of the received SINR and backhaul data throughput. Accordingly, beam-formed RS having the same precoding with data can provide better channel estimation performance than with the closed-loop based CRS approach. Therefore, if we can define two candidates such as Rel-10 DM-RS based demodulation of R-PDCCH and Rel-8 CRS based demodulation of R-PDCCH, DM-RS based demodulation method seems to be well matched with a RN-specific beam-forming scheme. 
On the other hand, eNB can configure two types of backhaul subframes; LTE-A backhaul subframe where Rel-8 CRS is transmitted only in the first two symbols, and legacy backhaul subframe where Rel-8 CRS should be transmitted as same as an Rel-8 normal subframe. 
In a LTE-A only backhaul subframe, the demodulation of R-PDCCH by using Rel-8 CRS is simply not possible. In order to solve this problematic scenario, “new CRS” for R-PDCCH demodulation needs to be defined in consideration of the backhaul subframe structure (this “new CRS” includes the possibility of reusing the Rel-8 CRS pattern). Strictly speaking this “new CRS” is only needed on resource block on which R-PDCCH (or even R-PDSCH) is located and hence the “new CRS” is essentially a “new DM-RS” design specifically for R-PDCCH. On the other hand, if DM-RS based approach is supported, the existing Rel-10 DM-RS can be reused regardless of backhaul subframe type. Therefore, DM-RS based approach has advantage in terms of RS overhead and commonality between legacy support and LTE-A only based subframes.
In addition, when there are some cases inevitably required for CRS assisted demodulation, e.g. CRS based initial access procedure; CRS can be optionally utilized for R-PDCCH demodulation in configurable manner.

Proposal#2: Relay demodulates R-PDCCH from DM-RS for the RN-specific R-PDCCH allocation. However, CRS might be used for R-PDCCH demodulation in configurable manner if there is a relevant scenario.
Proposal 3: Considering that DM RS is more suitable for the backhaul link, we propose to design R-PDCCH such that it is optimized for the DM RS scenario. If CRS is also supported as a R-PDCCH demodulation RS option, then we propose to separate the two RS scenarios in designing R-PDCCH as the two scenarios will have different use cases.
4. Summary
This contribution discussed demodulation RSs for R-PDSCH and R-PDCCH based on the preliminary performance results. We can summarize our proposals as follows:
· Proposal#1: Relay demodulates R-PDSCH from DM-RS to support Rel-10 transmission modes. In configurable manner, R-PDSCH may be demodulated by CRS if there’s any relevant scenario.
· Proposal#2: Relay demodulates R-PDCCH from DM-RS for the RN-specific R-PDCCH allocation. However, CRS might be used for R-PDCCH demodulation in configurable manner if there is any relevant scenario.
· Proposal 3: Considering that DM RS is more suitable for the backhaul link, we propose to design R-PDCCH such that it is optimized for the DM RS scenario. If CRS is also supported as a R-PDCCH demodulation RS option, then we propose to separate the two RS scenarios in designing R-PDCCH as the two scenarios will have different use cases.
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6. Annex

A.1 Simulation parameters

Table 1: Simulation parameters 

	Channel Bandwidth
	5MHz

	Allocated RBs
	5RBs

	Antenna configuration
	4x2

	Channel Model
	LTE_ETU (3km/h)

	PDCCH/PDSCH symbol size
	3/11

	Link adaptation
	Dynamic link adaptation with FER at 10%

	Channel Estimation
	Real Channel Estimation

	CQI/CSI estimation
	Real Channel Estimation

(DM-RS demodulated scenario uses CSI-RS to estimate CQI/CSI)

	CSI-RS duty cycle
	5ms

	Feedback Delay (including processing delay)
	5ms

	CQI/CSI reporting period
	5ms

	Precoding Codebook
	LTE Rel-8 Codebook

	HARQ retransmissions
	None


A.2 Comparison of demodulation performance at the receiver with real channel estimation using full CRS REs and partial CRS REs.
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