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1. Introduction

At the RAN1#60bis meeting, some agreements were reached regarding the  DL backhaul timing.

· Cases 1 and 3 are supported (no change to definition of case 1 compared to previously agreed definition)

· The support of case 2 is still under consideration depending upon RAN4 inputs

· Case 4 is FFS

· Note that discussions are ongoing in RAN4 regarding the possible impact of DeNB-RN separation on support for Case 1 for TDD. 

· From RAN1 specification perspective both cases are supported; from implementation perspective both are considered optional from RAN1 point of view. 

· Handling of possible impact on CSI-RS is FFS.
At the RAN1#61 meeting in Montreal, a way forward regarding the Un DM-RS pattern for DL timing case 3 was agreed upon [1]. Two DM-RS patterns were selected and one alternative will be downselected targeting the RAN1 #61bis meeting. In this contribution, we investigate the throughput performance for two DM-RS patterns and comparetheir advantages and disadvantages.
2. DM-RS Patterns for DL Timing Case 3
For DL case 3 timing, the last OFDM symbol will not be available due to the switching time impact [2] and some modified DM-RS patterns for the backhaul link are needed compared to those in the access link. In [1], two DM-RS patterns are listed as shown in Fig. 1. The last two symbols of the DM-RS are punctured in the reduced DM-RS pattern and these symbols are moved to symbols 9 and 10 in the shifted DM-RS pattern.
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(a) Reduced DM-RS pattern                   (b) Shifted DM-RS pattern

Figure 1 – DM-RS patterns for DL case 3

3. Simulation Evaluations
In this section, we investigate the link level BLER and throughput performance for Rel-10 UEs assuming SU-MIMO transmission using codebook-based precoding to compare the two DM-RS patterns. The simulation conditions are given in Table I. The number of subcarriers is set to 600 with a 15-kHz subcarrier spacing assuming the system bandwidth of 10 MHz. A normal cyclic prefix (CP) is assumed. The channel model is assumed to be the 6-ray Typical Urban channel model. Fading coefficients between receiver antennas at the UE as well as transmit antennas at the eNB are assumed to be uncorrelated. As the codebook for precoding transmission, the Rel-8 SU-MIMO codebook for the case of 2 and 4 antenna ports at the eNB is assumed. The CSI-RS density is 1 RE/PRB/antenna port, which was agreed upon in [3]. The CDM-T pattern for CSI-RS is assumed. Full power utilization is adopted with power boosting of the CSI-RS over the PDSCH at each transmit antenna [4]. In the throughput performance evaluation, link adaptation is adopted with AMC outer-loop control, and the target BLER is set to 10%. 
Table I. Simulation Conditions
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Figures 2 and 3 show the BLER performance as a function of the average received signal-to-noise power ratio (SNR) per receiver branch for 2 and 4 antenna ports at the eNB, respectively. The number of allocated PRBs is assumed to be 6 PRBs (assuming contiguous allocation) and 50 PRBs (assuming the full bandwidth allocation). The figures show that the shifted DM-RS pattern achieves gain of approximately 1 – 1.5 dB compared to the reduced DM-RS pattern because of the higher DM-RS density.
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     (a) Number of allocated PRBs: 6 PRBs                 (b) Number of allocated PRBs: 50 PRBs

Figure 2 – Average BLER performance for 2-by-2 MIMO
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       (a) Number of allocated PRBs: 6 PRBs                  (b) Number of allocated PRBs: 50 PRBs

Figure 3 – Average BLER performance for 4-by-2 MIMO

Figures 4 and 5 show the throughput performance as a function of the average received SNR per receiver branch for 2 and 4 antenna ports at the eNB, respectively. The figures show that almost the same throughput performance is achieved between the two DM-RS patterns.
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(a) Number of allocated PRBs: 6 PRBs                  (b) Number of allocated PRBs: 50 PRBs

Figure 4 – Average throughput performance for 2-by-2 MIMO
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(a) Number of allocated PRBs: 6 PRBs                  (b) Number of allocated PRBs: 50 PRBs

Figure 5 – Average throughput performance for 4-by-2 MIMO

4. Comparison of DM-RS patterns for DL Case 3
In Table II, we compare the two DM-RS patterns from the viewpoints of the throughput performance, support for a higher rank, and CSI-RS multiplexing. From the viewpoint of the throughput performance, the reduced and shifted DM-RS patterns achieve similar throughput performance as shown in Section 3 under low mobility conditions, which is the typical case for relays in Rel-10. If we consider a high mobility condition assuming a mobile relay for future release, the throughput performance of the reduced DM-RS pattern would be lower than that for the shifted DM-RS due to the lower DM-RS density in the time domain. Considering the support of a rank higher than 4, the shifted DM-RS would be more appropriate due to the use of a length-4 orthogonal cover code (OCC). On the other hand, a reduced DM-RS must rely on a scrambling sequence to multiplex more than 4 DM-RSs. Considering the CSI-RS multiplexing, the reduced DM-RS pattern might be more suitable because there is no DM-RS in the second slot. On the other hand, the shifted DM-RS pattern in the second slot might restrict the CSI-RS multiplexing. However, it depends on the decision of the CSI-RS pattern. If the CSI-RS and DM-RS can be multiplexed in the same OFDM symbol, the severity of the problem regarding the shifted DM-RS pattern is significantly diminished. Even so, there is still the possibility that the shifted DM-RS and CSI-RS collide. Employing the explicit signaling mechanism [5] for the CSI-RS location information might be beneficial to avoid the collision.
Table II – Comparison of DM-RS patterns for DL case 3

[image: image11.emf]Good

Good

CSI-RS 

multiplexing

Support 

for higher rank 

(Rank > 4)

Throughput 

performance in low 

mobility condition

Restricted

Easy

Yes Shifted DM-RS

No Reduced DM-RS

Good

Good

CSI-RS 

multiplexing

Support 

for higher rank 

(Rank > 4)

Throughput 

performance in low 

mobility condition

Restricted

Easy

Yes Shifted DM-RS

No Reduced DM-RS


5. Conclusion
This contribution investigated two Un DM-RS patterns for DL timing case 3. A summary is given below.
· Reduced and shifted DM-RS patterns achieve similar throughput performance under low mobility conditions, which is the typical case for relays in Rel-10.

· Under high mobility conditions assuming a mobile relay for future release, there is the possibility that the throughput performance of the reduced DM-RS pattern is lower than that for the shifted DM-RS due to a lower DM-RS density.
· A shifted DM-RS pattern is more suitable to support a rank greater than 4.
· A shifted DM-RS pattern might restrict CSI-RS multiplexing, however, appropriate design of the CSI-RS would enable orthogonal multiplexing of the CSI-RS and DM-RS, which would be dependent on the CSI-RS multiplexing decision.
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