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Introduction

In RAN1#61 [1], the following were agreed

· Un DM-RS pattern for DL timing case 3

· Alt 1: Reduced DM-RS

· Alt 2: Shifted DM-RS

· One alternative between Alt 1 and Alt 2 will be down-selected

· Targeting RAN1#62
In [2], CRS and DM RS for R-PDCCH were discussed, and DM RS reference signal utilization and patterns for Un data transmissions were proposed. It has been proposed therein that the DM RS pattern for backhaul shall be revisited if the collision with Rel-10 CSI-RS is unavoidable. This contribution further address DM RS patterns for DL timing case 3, for which we propose DM RS patterns based on evaluations.

DM RS patterns in case 3
In this section we evaluate the two alternative patterns proposed in [1]. These patterns are as shown in Figure 1 below, among which

· Alt1 avoids collision with Rel-10 CSI RS likely to be specified in symbols #9 and #10, though the amount of RS symbols is halved

· Alt2 cannot avoid the collisions with the Rel-10 CSI RS, but has higher DM RS density compared to Alt. 1.  
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Alt 1: Reduced DM-RS Alt 2: Shifted DM-RS





Figure 1 DM RS patterns for DL Backhaul

The two patterns where simulated to assess the impact of lower DM RS density of Alt 1 on throughput performance compare to Alt 2. The simulation parameters are given in the Appendix. A typical link adaptation algorithm is used to select the MCS over the backhaul. Alt 1 is shown to provide similar performance at low-to-medium SNR and better throughput performance at high SNR relative to Alt 2. Note that for backhaul rather good geometry can be observed, thus a better performance for Alt. 1 is expected in practical scenarios. This is due to the lower DM RS overhead used in Alt 1. Furthermore no advanced channel estimation enhancements have been employed (e.g. taking previous receptions into account or applying turbo decision feedback based channel estimation), such schemes will benefit Alt 1 more than Alt 2, making Alt 1 more future proof. 
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Figure 2 Throughput of 2-stream transmissions for Alt 1 (6 DM RS) and Alt 2 (12 DM RS)

Note that Alt 1 (reduced DM RS) can be seen as a punctured version of Rel-10 DM RS, which means the sequence generation as well as mapping to physical resources can maximally reuse Rel-10 DM RS while taking into account the punctuation as shown in Figure 1.  

  The collision between Shifted DM-RS and CSI-RS
In this section we give some analysis on how serious the impact might be with the option Alt 2 (Shifted DM-RS). Figure 3 illustrated the issues with Alt 2 in Case 3, where the achievable CSI-RS reuse factor is decreased due to both the fact that OS #13 is not available and the collision with CSI-RS in OS #9, 10 (counting from symbol #0 in the subframe). OS #13 is not available which disables a few CSI-RS frequency shifts at least in the cell with the relay node. Although affected CSI-RS positions can naturally be reused in cells which do not have relay nodes, it complicates CSI-RS planning significantly. More over, since RN nodes will likely need CSI-RS to report CQI/PMI it may be necessary to transmit CSI-RS in one of the DL subframes at RN backhaul. The DM-RS colliding with CSI-RS at OS #9, 10 would further disable some more CSI-RS frequency shifts. The issue is most serious for the case of 8 CSI-RS ports where the reuse factor shrinks from 5 down to 2 which is by far not enough for a workable system. 
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Figure 3 Issues in option Alt 2 (Shifted DM-RS) 

For reduced DM-RS (Alt 1) there are no such issue as have been described for option Alt 2 above because CSI-RS was designed around OS #5, 6 and therefore reduced DM RS do not suffer from the degradations associated with Alt 2. Hence, we make the following proposal:

Proposal #1: Reduced DM RS pattern is selected for DL timing Case 3. 

Rank of Un transmissions
With good site planning and relay node placement the backhaul geometry can be rather good and with relatively high LoS probability. Thus, rank beyond four over Un will add to RN implementation complexity for no clear practical use case. Furthermore, eight receive antennas would be required at RN in theory for rank-8 transmissions over Un, which means increased cost in hardware. As discussed in the previous section, Alt. 1 for DL timing case 3 does not support rank beyond four since only OCC length two is possible with the pattern. This means supporting rank beyond four in this case will require extra specification effort. Based on the above discussions, we have the following observation

Observation #1 Rank beyond four over Un will require considerable implementation as well as specification effort with limited use case in practice. 

For DL timing case 1 if assuming Rel-10 DM RS is reused, rank 1-2 will have 12 DM RS REs per PRB, but the number will double for rank 3-4. As a result, for different ranks the number of REs left for R-PDCCH transmissions will differ. Since R-PDCCH for DL grant will be mapped into the 1st slot in the subframe [4], supporting rank 1-4 may require RN to blindly search over different DM RS overhead if the rank of R-PDSCH in the same PRB is not known a priory. This will double the total number of blind detections for RNs. Alternatively RN can always assume a maximum DM RS overhead, i.e., 24 REs per PRB to avoid extra blind detection on rank. However this may cause resource wastage when the actual rank for R-PDSCH transmission is lower than three. In practice the backhaul efficiency can be improved by spatially multiplexing multiple RNs, i.e., MU-MIMO, thus effectively achieving a high total rank rather than supporting high rank SU-MIMO over Un, which as discussed above may lead to implementation complexity and reduced efficiency. Based on the discussions and observation #1, we have the following proposal:

Proposal #2 Rank 1-2 over Un is baseline, Rank 3-4 is FFS, which shall take the RN implementation complexity and reduced efficiency into account. 

Conclusion

In this paper we discussed the DM RS patterns for backhaul transmissions for DL timing case 3. 
It was shown via simulation that the reduced DM RS pattern (Alt 1) provides better performance than the shifted DM RS pattern (Alt 2) and avoids any collisions with the Release 10 CSI RS. Furthermore it was illustrated that such collisions and corresponding issues are inevitable for Alt 2. Hence, we have the following proposal:
Proposal #1: Reduced DM RS pattern is selected for DL timing Case 3. 

The rank for Un transmission is further discussed, and the following is proposed:

Proposal #2 Rank 1-2 over Un is baseline, Rank 3-4 is FFS, which shall take the RN implementation complexity and reduced efficiency into account. 
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Appendix – simulation parameters
[image: image4.emf]Carrier frequency 2GHz

Transmission bandwidth 5MHz

eNB antenna configuration 8 Tx

UE antenna configuration 2Rx

Channel model 3GPP-TU

RN velocity 3km/h

PDSCH configuration OFDMsymbols#2-12persub-frame

Channel coding (PDSCH) Rel-8turbocoding,CBRM

Number of allocated PRB 6PRB(contiguousallocation)

MCS & link adaptation Link adaptation ON

Detector MMSE

HARQ Notused

Precoding granularity 2PRB

Transmit precoding/feedback SVD precoding (based on uplink SRS)

Transmission rank Rank2

Common reference signal configuration 2portRel-8CRSineverysub-frame

CQI/PMI reporting delay modeling 5 ms delay

Channel estimation for CQI/PMI selection Ideal

Channel estimation for demodulation Realistic channel estimation over

DMRSpatterns


Table 1. Simulation parameters for 2 stream R-PDSCH simulations


