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Introduction
At the last meeting, there were intensive discussions on CSI-RS design for NR downlink CSI acquisition. Several agreements were reached as follows [1].
	Agreements:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]
· A CSI-RS RE mapping  pattern is defined within a slot
· FFS: A CSI-RS RE mapping  pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 
· FFS on mapping of ports to the CSI-RS RE mapping pattern
· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded
Agreements:
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design


In this contribution, we present our views on CSI-RS design for downlink beam management.
Discussion
The number of CSI-RS APs
One of the high-level remaining issues for CSI-RS design is whether to support antenna ports (APs) of 24. If 24-Tx CSI-RS is not supported, there is a big gap between 16-port and 32-port. It generally means that the TRP antenna size should be doubled in order to obtain further MIMO gain from 16-port. In addition, considering that 24-port CSI-RS is being specified for Rel. 14 LTE, it is beneficial, if NR can reuse the TRP antenna when migrating from LTE-A to NR. In this sense, we believe that CSI-RS APs of 24 should be supported for NR. The other issue is whether to support APs greater than 32. Table I shows evaluation results in [2] on the number of CSI-RS APs assuming same antenna element (AE) configuration. We compare the performance for CSI-RS APs of 16, 32 and 64 with identical AE configuration of (M, N, P, Mg, Ng) = (8, 4, 2, 1, 1) for 3D UMi scenario with 2 GHz. The results show that performance for 64-port CSI-RS is degraded compared to that for 32-Tx CSI-RS mainly due to CSI-RS overhead. The number of AP of 64 should not be supported, unless performance gain is presented based on evaluation.





Table I: Comparison of the number of CSI-RS APs
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Proposal 1: The number of CSI-RS antenna ports of 24 should be supported.
Triggering mechanism for aperiodic and semi-persistent CSI-RS
Firstly, for aperiodic CSI-RS, single DCI bit can be shared to trigger CSI-RS transmission and CSI reporting in principle, since time domain behavior is the same. One possible argument to introduce separate DCI bits (for CSI-RS transmission and CSI reporting) is adjusting mutual timing gap between CSI-RS transmission and CSI reporting. However such timing control should be generally managed by gNB scheduler and/or RRC based scheduling flexibility. On the other hand, semi-persistent CSI-RS is newly introduced for NR. It achieves multi-shot transmission of CSI-RS and is beneficial for reducing CSI-RS overhead compared to periodic transmission. There are two potential options to activate/deactivate semi-persistent CSI-RS, i.e., DCI and MAC CE. MAC CE is advantageous in terms of DCI overhead and signaling reliability, i.e., possible error propagation for DCI. In addition, MAC CE based scheme can have higher operational flexibility, since payload for MAC CE is generally larger than DCI. On the other hand, DCI is advantageous in terms of control delay, which is more important for activation rather than deactivation. Fig. 1 shows possible signaling mechanism, which achieves reduced delay for CSI-RS activation with single DCI bit. In this method, CSI-RS transmission and CSI reporting is triggered with single DCI bit with the support of additional MAC CE signaling. The details are also discussed in our companion contribution [3].
Proposal 2: The DCI bit for aperiodic CSI reporting is reused for triggering aperiodic CSI-RS.
Proposal 3: Triggering mechanism in Fig. 1 should be introduced for the combination of semi-persistent CSI-RS and aperiodic CSI reporting. 
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Fig. 1: Triggering of semi-persistent CSI-RS and aperiodic CSI reporting with single DCI bit
Multi-shot CSI-RS for Beam Sweeping
Multi-shot transmission of CSI-RS can be used for TRP and UE beam sweeping and UE panel selection. CSI-RSs should be multiplexed with TDM considering beam sweeping in analog domain. A CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol or even less, in order to reduce beam sweeping duration. 
Proposal 4: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 5: CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol or even less.
In order to reduce duration for beam sweeping, it is beneficial to support simultaneous transmission of multiple CSI-RS resources within a unit of time duration for beam sweeping. Examples are shown in Fig. 2. In this example, beams are transmitted per panel and eight CSI-RS beams are swept using two time units, e.g., two OFDM symbols. The CSI-RS multiplexing schemes other than TDM should be introduced such as FDM and CDM. In terms of the feedback information for L1/L2 beam management, minimum set can be index of selected beam(s) and quality of beams, e.g., CSI, RSRP related information. 
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Figure 2: Simultaneous transmission of multiple MRS resources

Proposal 6:  Support simultaneous transmission of multiple CSI-RS resources in a single time unit, e.g., OFDM symbol.
Summary
In this contribution, we presented general views on CSI-RS design for NR downlink transmission. Based on the discussion, we made the following observations and proposals.
Proposal 1: The number of CSI-RS antenna ports of 24 should be supported.
Proposal 2: The DCI bit for aperiodic CSI reporting is reused for triggering aperiodic CSI-RS.
Proposal 3: Triggering mechanism in Fig. 1 should be introduced for the combination of semi-persistent CSI-RS and aperiodic CSI reporting.
Proposal 4: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 5: CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol or even less.
[bookmark: _GoBack]Proposal 6:  Support simultaneous transmission of multiple CSI-RS resources in a single time unit, e.g., OFDM symbol.
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