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1. Introduction

This contribution presents our views on the CSI-RS design issues that were raised in the E-mail reflector. The motivations behind our preferences are described below.
2. Views on CSI-RS Design Issues
Q1. How many REs are used for CSI-RS per antenna port per PRB in which CSI-RS is inserted?

Alt. 1: 2 REs

Alt. 2: Others?
[docomo] Alt. 1

For the sake of making progress, we are fine with keeping the working assumption.
Q2. How many REs are maximally used for CSI-RS per PRB in which CSI-RS is inserted? 
Alt. 1: Max. 8 REs

Alt. 2: Max. 16 REs

Alt. 3: Others?

[docomo] Alt. 2 (per cell)

We support Alt. 2 because we do not like to split the CSI-RS ports among multiple PRBs especially in the time domain (related to Q3). Note here that we focus on the multiplexing of CSI-RS ports within a cell.
Q3. Do we introduce inter-PRB multiplexing of CSI-RS? (A set of CSI-RS is mapped to multiple PRB)

Alt. 1: No

Alt. 2: Yes with FDM (single subframe)

Alt. 3: Yes with TDM (different subframe)

Alt. 4: Others?

[docomo] Alt. 1
Regarding this issue, we have the same view as that in [1]. Of course, from the specification perspective the eNode B should be allowed to allocate PRBs with CSI-RS ports to legacy (Rel. 8) UEs.  However, the important thing here is not the link-level performance of legacy UEs in such PRBs, but the system-level performance when legacy and advanced (Rel. 10) UEs co-exist in the network. In this case, the eNode B scheduler assigns such PRBs to advanced UEs with higher priority, e.g. taking into account the link-level degradation for the legacy UEs, to maximize the system-level performance. Furthermore, such PRBs can be configured in MBSFN subframes when the advanced UEs reach a majority in the network. However, if the CSI-RS ports are distributed to multiple PRBs to reduce the CSI-RS density per PRB, the number of PRBs that include CSI-RS ports is increased as shown in Fig. 1. In particular, when they are spread in the time domain, affinity to MBSFN masking is lost. This leads to performance degradation from the system-level viewpoint as reported in [1]. Affinity to TDD may also be a problem for a time-domain split as pointed out in [2].
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Figure 1 – Influence of time-domain split of CSI-RS ports

Q4. Do we assume that CSI-RS can be transmitted more than once per radio frame? (e.g., a set of CSI-RS is transmitted every 5 msec.)
A multiple of 5 msec should be the baseline to avoid the simultaneous existence of subframes #0 and #5.
Q5. Do we introduce frequency domain periodicity? (CSI-RS is inserted every N PRB in frequency domain to create CSI-RS-less PRB in between.)
Alt. 1: No (N = 1 only)

Alt. 2: Yes (N > 1 possible)
[docomo] FFS

It may be beneficial to support inter-cell randomization/orthogonalization for CSI-RS ports [3], although further study is needed.
Q6. How is intra-PRB multiplexing done?
Alt. 1: FDM
Alt. 2: FDM+CDM
Alt. 3: FDM+TDM
Alt. 4: Others?
[docomo] Alt. 1 or 2
Our intention here is to design the CSI-RS to achieve full PA utilization. FDM or FDM+CDM are suitable candidates to satisfy this requirement.
Q7. Which OFDM symbols should we avoid putting CSI-RS?

(a) Rel. 8 CRS

(b) Rel. 9/10 DM-RS
(c) Rel. 8 DM-RS
(d) PDCCH 
(e) Others?
[docomo] (a), (b), and (d)
Our intension here is to utilize OFDM symbols for the Rel. 8 DM-RS.
Q8. What kind of means or techniques could be utilized to achieve inter-cell CSI-RS (quasi) orthogonality?

e.g., Data puncturing of REs where the neighbouring cells transmit CSI-RS
[docomo] FFS. Data puncturing is one possibility, but it should not spread over multiple subframes.
We would like to investigate the gain from the inter-cell orthogonal CSI-RS for CoMP. In this case, the target for the number of CSI-RS ports per cell will be two or four where the corresponding reuse factor may be six or three (FFS).
Q9: Which combinations of number of Rel-8 CRS (N_R8) and number of Rel-10 CSI-RS antenna ports (N_R10) should be allowed from the following sets?
(a) N_R10 = 1, N_R8 = 1, (b) N_R10 = 2, N_R8 = 1, (c) N_R10 = 2, N_R8 = 2

(d) N_R10 = 4, N_R8 = 1, (e) N_R10 = 4, N_R8 = 2, (f) N_R10 = 4, N_R8 = 4

(g) N_R10 = 8, N_R8 = 1, (h) N_R10 = 8, N_R8 = 2, (i) N_R10 = 8, N_R8 = 4

[docomo] CSI-RS support with N_R8 = 2 is the most important scenario for us. Thus, our perspective is (c), (e), and (h) should be allowed and the others should be FFS.
From our viewpoint, the important scenarios are (c), (e), and (h). However, we consider that configuration of the CSI-RS ports independent from the Rel. 8 CRS ports is a good way from the specification perspective [4].
Figure 2 shows an example deployment scenario for Rel. 8 LTE employing 2 Tx MIMO in an indoor cell. Regardless of the exact number of physical Tx antennas within the indoor cell, we employ two CRS antenna ports per cell with antenna virtualization to support coverage and mobility.
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Figure 2 - Example scenario for Rel. 8 LTE with 2 Tx MIMO with antenna virtualization in indoor cell
In the same scenario, we can employ 4 or 8 Rel. 10 CSI-RS ports to support higher-order SU/MU-MIMO for advanced UEs as shown in Fig. 3. In this case, advanced UEs with more Rx antennas obtain higher user throughput keeping the same coverage and mobility as legacy UEs.
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Figure 3 - Example scenario for higher-order MIMO using distributed antennas within indoor cell
Q10: How many antenna ports per cell are assumed for CSI-RS design?
Alt. 1: 8
Alt. 2: 4 and 8
Alt. 3: 2, 4, and 8
Alt. 4: 1, 2, 4, and 8
Alt. 5: Others?
[docomo] Alt. 3 is useful for further discussion

We have clear deployment scenarios for four and eight CSI-RS ports per cell as explained above. Furthermore, an antenna configuration with two antenna ports per cell is typical in the current cellular network. Therefore, utilizing two CSI-RS ports per cell should be investigated for CoMP.
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