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1. Introduction

In RAN1 NR Ad-Hoc meeting, the following agreements on NR CSI-RS have been achieved:
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:
· Refine the agreement on RS and IM settings as follows:

· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement

· Remove “IM setting”

· Terminology clarification

· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links

· Each of the L links corresponds to a CSI reporting setting and a Resource setting

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 

· N, M, and L – indicated either implicitly or explicitly

· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 

· A configuration of S≥1 CSI-RS resource set(s) 

· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE

· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)

· One CSI reporting setting can be linked with one or multiple Resource settings

· Multiple CSI reporting settings can be linked with the same Resource setting

· At least following are dynamically selected by L1 or L2 signaling, if applicable
· One or multiple CSI reporting settings within the CSI measurement setting

· One or multiple CSI-RS resource sets selected from at least one Resource setting

· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering
This contribution provides our views on CSI-RS design for CSI acquisition.
2. Discussion
CSI-RS has functionalities of both CSI acquisition and beam management in NR. To facilitate the system implementation, a unified CSI-RS pattern and configuration design is preferred to support these functionalities. Based on such principle, we provide our proposals on the CSI-RS design for CSI acquisition in the following.
CSI-RS pattern
It has been agreed that 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. This is similar to CSI-RS aggregation (larger than 8-port CSI-RS) in LTE. For higher flexibility, small aggregation granularity (e.g. 2-port CSI-RS) should be used. On the other hand, considering signaling overhead, larger aggregation granularity (e.g. 8-port CSI-RS) is preferred. Therefore, there is a tradeoff between flexibility and overhead for the N-port CSI-RS aggregation.
For a unified CSI-RS framework, the CSI-RS RE mapping pattern has to take into account the beam management requirement. To save the overhead of beam sweeping, the CSI-RS resource used for beam management should be allocated within one OFDM symbol. According to [1], the 2-port CSI-RS resource is well-suited for beam sweeping. Then we propose to define the 2-port CSI-RS resource mapped to two adjacent REs in the frequency domain. The two ports may be either FDMed or CDMed.
Proposal:

· Define the 2-port CSI-RS resource mapped to two adjacent REs in the frequency domain. The two ports may be either FDMed or CDMed.
There are 40 RE positions for CSI-RS RE mapping in a PRB pair in LTE, which avoids OFDM symbols with CRS and DMRS REs, and are on 6 OFDM symbols. As for NR, DMRS has been agreed to be loaded in the front of RB and other DMRS sets may be added in the case of high mobility scenario and so on. As discussed in [2], the CSI-RS could be transmitted in the earlier or later symbols of the slot (or subframe), which is determined by the CSI feedback procedure. Generally, all the other RE positions except those with DMRS REs in a data channel can be used for CSI-RS mapping, which is beneficial to increase the reuse factor. In this way, in the case of multiple DMRS sets, the CSI-RS resource of larger port number may be mapped to non-consecutive OFDM symbols. The number of possible CSI-RS locations depends on CSI-RS density. For instance, if CSI-RS occupies 4 OFDM symbols with 48 REs in each slot (or subframe), which results into 24 2-port CSI-RS patterns. A 32-port CSI-RS resource can be aggregated by 16 patterns out of 24 candidates considering the above CSI feedback requirement. The REs of those unused basic patterns are used for data transmission.
Proposal:

· A CSI-RS RE mapping pattern can span multiple configurable non-consecutive OFDM symbols.
CSI-RS configuration
From the agreement of last meeting, a UE is configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links. Further, each resource setting includes S≥1 CSI-RS resource set(s) with Ks ≥1 CSI-RS resources for each set s. Figure 1 illustrates such CSI framework [3], for clarity, assuming N=2, M=2, L=3 and S=2. As mentioned above, CSI-RS has the functionalities of both beam management and CSI acquisition. One possible use case is that the CSI-RS resource sets 0 of Resource setting 0 (corresponds to K0 CSI-RS resources) targets for beam management, while the CSI-RS resource sets 1 of Resource setting 0 (corresponds to K1 CSI-RS resources) is used for CSI acquisition. However, as M≥1 Resource settings can be configured to a UE, another alternative is to configure Resource setting 0 (corresponds to K0 CSI-RS resources) for beam management and Resource setting 1 (corresponds to K1 CSI-RS resources) for CSI acquisition. Moreover, each Resource setting corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE or a group of UEs. From such point of view, it seems that the configuration of CSI-RS resource sets is redundant, since the multiple CSI-RS resource sets of a Resource setting could be replaced by the configuration of multiple Resource settings. Therefore, we prefer to configure S=1 CSI-RS resource set in each Resource setting.
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Figure 1: CSI framework for NR
Observation:

· The configuration of CSI-RS resource sets is redundant, since the multiple CSI-RS resource sets of a Resource setting could be replaced by the configuration of multiple Resource settings.
Phase noise impact
In NR, CSI-RS density is configurable in a UE-specific manner, which accommodates the requirements of different channel conditions and enables tailoring the CSI-RS overhead. In LTE, 1RE/port/PRB CSI-RS density is supported for all the CSI-RS ports, which is a tradeoff between CSI resolution and overhead. Further overhead reduction could be done by decimation in the frequency domain. In NR, the appropriate primary CSI-RS density, without need of overhead reduction later, for each supported CSI-RS ports number needs to be further studied. If the 1RE/port/PRB CSI-RS density is supported, for higher CSI-RS ports number, multiple OFDM symbols will be occupied for RE mapping. For example, for 32 ports CSI-RS, 32 REs are used for CSI-RS RE mapping. Since there are 12 subcarriers per PRB for all the numerologies, at least 3 OFDM symbols are needed in one slot (or subframe). Since phase noise cannot be ignored in NR especially in high frequency operation, the CSI-RS ports located on different OFDM symbols would experience different phase noise. To ensure CSI accuracy, the phase noise impact may also need to be compensated for CSI acquisition. More details are discussed in our companion contribution [4].
Proposal:

· The phase noise impact should be considered for CSI acquisition.
3. Conclusions

In this contribution, we provide our views on CSI-RS design for CSI acquisition. According to a unified CSI-RS design, CSI-RS pattern design, CSI-RS configuration and further the potential phase noise impact are all discussed. We have the following observation and proposals:
Observation:

· The configuration of CSI-RS resource sets is redundant, since the multiple CSI-RS resource sets of a Resource setting could be replaced by the configuration of multiple Resource settings.
Proposals:

· Define the 2-port CSI-RS resource mapped to two adjacent REs in the frequency domain. The two ports may be either FDMed or CDMed.
· A CSI-RS RE mapping pattern can span multiple configurable non-consecutive OFDM symbols.
· The phase noise impact should be considered for CSI acquisition.
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