TSG-RAN WG1 Meeting #59
R1-094801
Jeju, Korea, 9th– 13th November, 2009
Source: 
LG Electronics Inc.
Title:
Consideration on Demodulation RS in the DL Backhaul
Agenda Item:
7.8.1.6 DM RS for R-PDCCH


Document for:
Discussion/Decision
1. Background
The demodulation reference signal (RS) is one of the most important design parts for efficient and high rate backhaul transmissions. Since DL backhaul control/data channels can be multiplexed with Macro-UE’s shared channels, DL backhaul subframes can include Rel-8 CRS or Rel-10 DM-RS. Moreover, the relay backhaul RS design is related to some other backhaul design issues such as transmission modes, subframe type, multiplexing scheme of R-PDSCH with R-PDCCH, and interleaving method. Therefore, we should carefully consider all these various facts together to design/reuse appropriate demodulation RS for R-PDCCH and R-PDSCH.
In this contribution, we point out some consideration and discussion points with two alternatives of demodulation RS. For R-PDCCH, we can define two alternatives as follows:

Alternative 1: Relay demodulates R-PDCCH from DM-RS
.

Alternative 2: Relay demodulates R-PDCCH from CRS.

The R-PDSCH can be demodulated by DM-RS or CRS as well as R-PDCCH. The existing Rel-10 DM-RS and Rel-8 CRS are recommended to be reused as much as possible, but the RS reuse issue needs to be further discussed [1-4].
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-Advanced. 
The cell-specific RS, e.g. Rel-8 CRS can be used for demodulating R-PDSCH. However, it couldn’t support the advanced Rel-10 transmission modes in which non-codebook based precoding is employed with precoded-RS so that higher precoding granularity and sophisticated MIMO transmission (e.g., ZF-beamforming, eigen beamforming) can be used in UE transparent manner. 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. 

The position, rank multiplexing, and sequences of Rel-10 DM RS can be reused for R-PDSCH. However, some modifications could be needed according to switching gaps or other backhaul configurations. 

Proposal: Relay demodulates R-PDSCH from DM-RS to support Rel-10 transmission modes.
3. Demodulation RS for R-PDCCH

Downlink Backhaul Transmission Mode

Relay backhaul channel is mostly stable if fixed/nomadic relay scenarios are considered as the first priority at this study item 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 beamforming seems to be helpful rather than diversity mode or higher rank transmission in the perspective of the received SINR and backhaul data throughput. Accordingly, beamformed RS having the same precoding with data can provide better channel estimation performance than with the closed-loop based CRS approach. Therefore, the alternative 1 seems to be well matched with a RN-specific beamforming scheme. Detailed transmission mode designs for downlink backhaul link are FFS.

MBSFN-based Subframe

An eNB can configure two types of backhaul subframes; 1) Non-MBSFN based backhaul subframe where Rel-8 CRS should be transmitted as same as an Rel-8 normal subframe, and 2) MBSFN based backhaul subframe where Rel-8 CRS is transmitted only in the first two symbols. 
In a MBSFN-based backhaul subframe, the Rel-8 CRS can’t be reused for backhaul link. Thus, with the alternative 2, new CRS should be defined in consideration of the backhaul subframe structure (including the possibility of reusing the Rel-8 CRS pattern). On the other hand, if the alternative 1 is supported, the existing Rel-10 DM-RS can be reused regardless of backhaul subframe type. Therefore, the alternative 1 has advantage in terms of RS overhead and commonality between MBSFN and non-MBSFN based subframes.
Multiplexing of R-PDCCH with R-PDSCH

In the pure FDM multiplexing between R-PDCCH and R-PDSCH, multiple R-PDCCHs can be multiplexed within a PRB since the whole REs of one PRB are excessive for only one R-PDCCH. Thus, the given RS within a PRB will be shared among multiple R-PDCCHs. With the alternative 2, all CRS tones from other PRBs can be utilized for channel estimation, while with the alternative 1 the multiplexed R-PDCCHs in a PRB can be demodulated only with DM-RS in the same PRB. Thus, the expected channel estimation performance could be degraded worse in the alternative 1 than the alternative 2 with the same RS overhead. 
Meanwhile, the RN-specific R-PDCCH can be suitable for the FDM+TDM multiplexing. Thus, if the relay backhaul channel which is a fixed/nomadic and highly correlated antenna configuration is considered, the alternative 1 is more preferred for the FDM+TDM multiplexing. 
Interleaving within a PRB

With the alternative 1, the interleaving within a PRB is not preferred. That is, if the interleaving is allowed, an RS sub-grouping for each interleaved part of R-PDCCH within a PRB should be defined or alternatively the introduction of new RS pattern for each interleaved part should be considered. However, the first solution decreases density of RS for each interleaved part, and the channel estimation performance can be degraded for R-PDCCH. The second solution increases the total RS overhead. Therefore, both solutions are not appropriate for the alternative 1.
With the alternative 2, the first solution where each interleaved part of R-PDCCH is demodulated by a sub-grouped RS can be adopted since other RS from adjacent PRBs can be utilized even in the interleaved R-PDCCH. Therefore, the interleaving within a PRB can be used. 
Further consideration on the RN-common control signaling
With a large number of RNs, an RN-common control signaling may be necessary to increase resource utilization in the backhaul link. The RN-common R-PDCCH can carry cell-specific system information/its updates or RN-common forwarded information, e.g. paging information in the access link. Thus, RS for the RN-common R-PDCCH has to be further investigated in conjunction with details of the RN-common R-PDCCH transmission. 
Proposal: Relay demodulates R-PDCCH from DM-RS for the RN-specific R-PDCCH allocation. Further discussions are needed for RS in the RN-common R-PDCCH allocation.

4. Conclusion

This contribution discussed demodulation RSs for R-PDSCH and R-PDCCH in terms of the backhaul transmission modes, subframe types, multiplexing schemes of R-PDCCH and R-PDSCH, and interleaving schemes. We can summarize our view as follows:
· R-PDSCH

· Proposal: Relay demodulates R-PDSCH from DM-RS to support Rel-10 transmission modes. 
· R-PDCCH

· Considering relay channel characteristics, beamforming based transmission modes and RN-specific R-PDCCH allocation with DM-RS seem to be beneficial. 
· DM-RS has advantage in the perspective of commonality between MBSFN and non-MBSFN subframes.

· Proposal: 
· Relay demodulates R-PDCCH from DM-RS for the RN-specific R-PDCCH allocation. 
· The reuse of Rel-10 DM-RS is recommended but further discussions are needed.
· Further discussions are needed for RS in the RN-common R-PDCCH allocation.
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� In this contribution, the DM-RS refers to RS which is dedicated to a PRB or a set of multiple PRBs.





