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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:
· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 
· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where
· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.
· Further study at least the following aspects:
· FFS QCL aspects
· E.g., set of QCL parameters
· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.
· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs
· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI
Agreements:
· NR supports semi-persistent CSI-RS transmissions
· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically
· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.
· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions
· FFS: Details on signaling mechanisms
Working assumptions:
· For Type I,  CSI feedback using a PMI codebook for X CSI-RS ports is supported
· Supported values of X are at least 1,2,4,8,12,16,[24],32
· Note: For X=1, Type I does not have PMI feedback
· Support for other values of X is not precluded
· Note the number of ports in CSI-RS resource configuration may not be the same with the number of ports in the PMI codebook
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations
Agreements:
· In NR, a UE can be configured with a CSI-RS resource configuration with X ports
· Supported values of X are up to at least 32
· NR supports up to at least 32 port codebook
· FFS: Codebook design
· Study the potential benefits of 64 ports
Agreements:
· NR supports CSI calculation based on one-shot measurement of interference.
· For one-shot interference measurement, study at least one of the following alternatives:
· Alt1. Dynamic indication of aperiodic IMR.
· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.
· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.
· Other alternatives are not precluded
· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic
· Note that the connection of the above alternative(s) with measurement setting is a separate topic
Agreements:
· For NR, support both periodic and semi-persistent CSI reporting:
· For periodic: higher-layer configuration of reporting periodicity and timing offset
· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset
· FFS on detailed signaling


In this contribution, we present our views on CSI-RS design for downlink beam management.
Discussion
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 (more strictly whether to support Type I based CSI feedback for 24-port CSI-RS as a working assumption captured in Sec. 1). 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: Confirm the working assumption on CSI-RS and codebook size by adding X=24.
CSI-RS configurations
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. One is DCI based scheme. In this case, UE can perform CSI reporting with relatively small delay. However DCI based activation/deactivation has a risk of error propagation. For example, if UE erroneously receive activation trigger, it continues to perform CSI measurement. Similarly, deactivation trigger can happen involuntary to the NW. It also has a drawback on payload size and may results in limited flexibility on CSI acquisition. We also note that activation/deactivation through MAC CE has been already introduced for SCell activation/deactivation for carrier aggregation. One disadvantage of using MAC CE is that there would be delay in activating CSI-RS transmission. However, such a delay will be reduced in NR. In addition, if the delay is a concern, the NW can still rely on aperiodic CSI-RS. Based on the above discussion, activation/deactivation for semi-persistent CSI-RS should be performed based on MAC CE.
Proposal 2: Semi-persistent CSI-RS is activated/deactivated using MAC CE.
Multi-shot CSI-RS for Beam Sweeping
Fig. 1 shows use cases for multi-shot transmission of CSI-RS. The scheme 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, in order to reduce beam sweeping duration. It can be notified UE-specifically, if CSI-RS is transmitted with subband manner, e.g., with DCI. Otherwise, it can be notified with non-UE-specific manner.
Proposal 3: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 4: Single CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol.
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Fig. 1: Example use cases of semi-persistent CSI-RS
In order to reduce duration for beam sweeping, it is beneficial to study simultaneous transmission of multiple CSI-RS resources in a single time unit, e.g., 1 OFDM symbol, to reduce duration for beam sweeping, e.g., per panel CSI-RS transmission. 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 5: Study necessity of multiple APs for MRS especially for the use case for 2 APs with different polarizations.
Proposal 6:  Support simultaneous transmission of multiple CSI-RS resources in a single time unit, e.g., OFDM symbol.
Non-orthogonal multiplexing of CSI-RS
In Rel. 10 LTE, DL DM-RS was introduced for PDSCH demodulation. It applies non-orthogonal scrambling sequence for multiplexing DM-RS resources. This is because DM-RS is beamformed and the more than one resource can be multiplexed in spatial domain. Considering the possible operation with beamformed CSI-RS, it is straightforward to study non-orthogonal resources for CSI-RS sequences, i.e., spatial division multiplexing of CSI-RS. It is beneficial to reduce CSI-RS overhead.
Proposal 7: Support non-orthogonal multiplexing of CSI-RS, e.g., scrambling sequence.
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: Confirm the working assumption on CSI-RS and codebook size by adding X=24.
Proposal 2: Semi-persistent CSI-RS is activated/deactivated using MAC CE.
Proposal 3: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 4: Single CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol.
Proposal 5: Study necessity of multiple APs for MRS especially for the use case for 2 APs with different polarizations.
Proposal 6:  Support simultaneous transmission of multiple CSI-RS resources in a single time unit, e.g., OFDM symbol.
Proposal 7: Support non-orthogonal multiplexing of CSI-RS, e.g., scrambling sequence.
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