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1. Introduction

At the previous RAN1#56bis meeting, common parts of two way-forward documents [1],[2] regarding the downlink reference signal (DL RS) design for LTE-Advanced were agreed upon. Based on the agreement, this contribution presents our additional views on this issue especially focusing on the two discussion points below.

· Usage and overhead estimation for the RS targeting channel state information generation (CSI-RS) and the Rel-8 cell-specific RS (CRS)

· The multiplexing scheme and transmission power utilization for the RS targeting physical downlink shared channel (PDSCH) demodulation (DM-RS)

2. Usage and Overhead Estimation for CSI-RS and Rel-8 CRS
At the previous RAN1#56bis meeting, the CSI-RS overhead estimation of 0.12% per antenna port was agreed upon assuming a 10-msec transmission interval together with the possibility to configure the transmission interval for the CSI-RS. However, due to the difference in two way-forward papers, [1] and [2], the amount of the total overhead including the CSI-RS and Rel-8 CRS is still unclear. Therefore, in this section, we investigate further the usage and overhead estimation for the CSI-RS and Rel-8 CRS.

2.1. Comparison of Two Way-Forward Papers
Tables 1(a) and 1(b) represent a numerical comparison of the two way-forward papers based on our interpretation. In Alternative 1 based on [1], only the Rel-8 CRS is used for CSI generation up to four transmission layers. Thus, the CSI-RS is used in a very limited number of cases, i.e., when the maximum number of transmission layers is more than four. Meanwhile, in Alternative 2 based on [2], the number of antenna ports for the Rel-8 CRS can be flexibly reduced irrespective of the maximum number of transmission layers. The RS overhead may be critical to achieving the ITU-R and 3GPP requirements when we employ some kind of key techniques such as multi-point joint transmission, non-codebook based beamforming, or space division multiple access (SDMA). Therefore, at the current stage of RAN1, such flexibility should not be precluded since a feasibility study on such key techniques is still on-going. Thus, the proposed way forward is described below.

· During the SI phase, retain all options (all combinations of the maximum number of transmission layers and the number of Rel-8 CRS antenna ports) in Alternative 2 and carefully study the feasible radio access techniques required to achieve the ITU-R and 3GPP requirements.
· Complementary use of the Rel-8 CRS, which was precluded in Alternative 2, is FFS.
Table 1 – Numerical comparison of two way forward papers
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 (b) Alternative 2 based on [2]
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2.2. Overhead for ITU-R Simulation Assumption
For the ITU-R evaluation, some guidelines for overhead estimation are needed. Based on the agreements in the previous RAN1 meeting and the discussion in Section 2.1, we summarize in Table 2 the possible overhead estimations for the CSI-RS and Rel-8 CRS assuming a 4-by-2 antenna configuration. Here, the overhead is calculated as

OCRS + 0.12 x NCSI-RS x 10/TCSI-RS (%),



    (1)

where OCRS (%) is the overhead for the Rel-8 CRS (= 4.76, 9.52, and 14.3% for NCRS = 1, 2, and 4 antenna ports, respectively), NCSI-RS is the number of antenna ports for the CSI-RS, and TCSI-RS (msec) is the transmission interval for the CSI-RS. As we proposed in [3], the minimum TCSI-RS length is set to 2 msec since such a short transmission interval is effective to utilize closed-loop techniques such as channel-dependent scheduling and precoding, and may be needed in some ITU-R test environments. According to the simulation conditions, the corresponding overhead estimations should be used properly. 

Table 2 – Possible overhead assumptions for CSI-RS and Rel-8 CRS
(for 4-by-2 antenna configuration)
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3. Multiplexing Scheme and Tx Power Utilization for DM-RS
It was agreed upon at the previous RAN1#56bis meeting to define the DM-RS to support up to eight transmission layers. Furthermore, the DM-RS density of 12 resource elements (REs) per resource block (RB) was agreed upon for Rank-1 transmission. For Rank-2 transmission, it was proposed to retain the same DM-RS density of 12 RE/RB as the Rank-1 transmission. In particular, in [4] and [5], this DM-RS density was confirmed based on simulations assuming code division multiplexing (CDM) for the DM-RS for dual-layer transmission. As suggested in [4] and [5], one of the benefits of CDM is effective power utilization. To maintain the minimized DM-RS density toward a higher Rank transmission, full Tx power utilization must be achieved in each transmission layer. In order to compare the possible multiplexing schemes especially from the viewpoint of the full Tx power utilization, Figs. 1(a), 1(b), and 1(c) illustrate the candidate multiplexing schemes, frequency division multiplexing (FDM), time division multiplexing (TDM), localized CDM, and distributed CDM, respectively. Similar to CDM, FDM also achieves full Tx power utilization in each layer by applying power sharing within a layer in the frequency domain as shown in Fig. 1(a). However, a major difference between FDM and CDM is that FDM requires power boosting within a layer to achieve full Tx power utilization. For instance, to support up to eight transmission layers, power boosting up to 9 dB is desirable for FDM. When TDM is applied, it is difficult to achieve the full transmission power utilization as shown in Fig. 1(b). 
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(a) FDM
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(b) TDM
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Figure 1 – DM-RS multiplexing scheme and transmission power utilization

In order to confirm the need for full Tx power utilization and the optimum DM-RS density for Rank-2 transmission, simulation results are shown in Fig. 2. Here, we employ FDM multiplexing with and without 3-dB power boosting for the DM-RS for Rank-2 transmission. This figure shows that the DM-RS density of 12 RE/RB achieves better throughput performance than that for 24 RE/RB when the full Tx power utilization, i.e., 3-dB power boosting, is applied.
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Figure 2 – Comparison of DM-RS densities for Rank-2 transmission 

with and without power boosting

Based on the above discussion, our preference in regard to the DM-RS design issue is detailed below.

· To achieve full Tx power utilization in each layer, the preferred multiplexing schemes are CDM, FDM, or a hybrid of these schemes (TDM is to be avoided).

· If FDM is employed, the transmission power of each RE for the DM-RS should be set higher than that for the PDSCH in each transmission layer according to the number of layers multiplexed using FDM.

· If the above two conditions are satisfied, the DM-RS density of 12 RE/RB is also sufficient for Rank-2 transmission.
4. Conclusion

Based on the agreements at the previous RAN1#56bis meeting, this contribution presented our views on the DL RS design issues especially focusing on the following two discussion points.

· Usage and overhead estimation for the CSI-RS and Rel-8 CRS

· During the SI phase, retain all options, i.e., all combinations of the maximum number of transmission layers and the number of Rel-8 CRS antenna ports, should be allowed in [2].
· Complementary use of the Rel-8 CRS is FFS.
· Possible overhead estimations for the CSI-RS and Rel-8 CRS assuming a 4-by-2 antenna configuration for the ITU-R evaluation are summarized in Table 2.

· Multiplexing scheme and transmission power utilization for the DM-RS

· To achieve full Tx power utilization in each layer, the preferred multiplexing schemes are CDM, FDM, or a hybrid of these schemes (TDM is to be avoided).
· If FDM is employed, the transmission power of each RE for the DM-RS should be set higher than that for the PDSCH in each transmission layer according to the number of layers multiplexed using FDM.
· If the above two conditions are satisfied, the DM-RS density of 12 REs/RB is also sufficient for Rank-2 transmission.
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