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Introduction
[bookmark: _GoBack]In RAN1 NR-AH, the following agreements on CSI-RS were made [1]:
	Agreements:
· …
· 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 appilicable
· 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

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



This contribution provides Samsung’s views on design principles of CSI-RS for NR MIMO, including on the highlighted parts above.
[bookmark: _Ref446598547]Design principle of NR CSI-RS
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As discussed in our companion contribution [2], NR CSI-related setting consists of following three settings; 1) CSI reporting settings, 2) Resource setting, 3) CSI measurement settings. Among these three component settings, we will focus on the design principle of the Resource setting especially for CSI-RS in this contribution. 
As intensively discussed in RAN1, NR CSI-RS design is desirable to satisfy various functionalities instead of its diverging use cases. For instance, it have been widely studied from FD-MIMO SI to eFD-MIMO WI that the required features at CSI measurement aspects such as wide coverage and high penetration cannot be met by a single type of CSI-RS design. However, streamlining the framework for CSI-RS in LTE-A Pro is a good starting point of NR CSI-RS design. Based on this, we can avoid introducing multiple classes/subclasses and redundant configurations while keep its various features. 
Based on the discussions above, we propose to introduce dual-level CSI-RS comprise at least following two types. For the non-UE-specific RS use case for CSI measurement, functionalities analogous to LTE NP CSI-RS and cell-specific BF CSI-RS (both composed of one or more static macro-beams) can be combined into one type, termed the level-1 CSI-RS which is composed of  CSI-RS resources. Each of the K cell-/group-specific beam(s) represented by each of the K CSI-RS resources can cover relatively wide coverage. As evident, the use cases of the level-1 CSI-RS are the combination of use cases of Rel.13 NP CSI-RS and cell-specific BF CSI-RS. When used for virtual sectorization, a UE can be configured with CRI feedback. In addition, partial-port CSI-RS (CSI-RS subsampling in port-domain) can be implemented by configuring a UE to measure K > 1 CSI-RS resources, each resource representing a part of the larger port array. The second type of CSI-RS, analogous to Rel.13 UE-specific BF CSI-RS, is termed the level-2 CSI-RS. Sharing the same characteristics, level-2 CSI-RS can be composed of UE-specific beams and provides high penetration at relatively narrow coverage than the level-1 CSI-RS. 
Since the level-1 CSI-RS are supposed to perform RRM/CSI measurement without (or probably with coarse) priory information on CSI, wideband transmission of CSI-RS would be beneficial. However, in case of level-2 CSI-RS, wideband CSI-RS transmission may not be required always because of the long-term wideband CSI from level-1 CSI-RS. Moreover, partial-band CSI-RS transmission of level-2 CSI-RS will reduce RS overhead for the level-2 CSI-RS that requires UE-specific beam direction and dedicated CSI-RS resource per UE.
Another important use case of level-1 CSI-RS is time/frequency tracking for PDSCH decoding. As widely studied in the past releases, PSS/SSS transmitted in subband might not be enough to provide fine time/frequency synchronization for PDSCH decoding. Therefore, to aid SIB(s) decoding, which probably be transmitted via wider bandwidth than that for MIB, wideband level-1 CSI-RS with restricted cell-specific configuration can be a good candidate for fine time/frequency tracking. In this case, the restricted cell-specific CSI-RS configuration can be informed to UEs via MIB. More detailed analysis on time/frequency tracking is provided by our companion contribution [3].
Table 1 summarizes the comparison between these two CSI-RS types.
[bookmark: _Ref450156875]Table 1. Dual-level CSI-RS
	System aspect
	Level-1 CSI-RS
	Level-2 CSI-RS

	CSI-RS resource usage
	Non-UE-specific RS use cases for CSI measurement, RRM measurement, and time/frequency tracking.
E.g., one CSI-RS resource per “coverage beam”, each associated with nk (1,2,4,.., 32) CSI-RS ports, K ≥ 1 CSI-RS resources 
	UE-specific RS use cases for CSI measurement.
E.g. one CSI-RS resource per UE with m (2,4,6,8) ports, m ≤ nk


	CSI-RS “beams”
	Cell-/group-specific beam direction(s) with wide coverage
	UE-specific beam direction(s) with narrow coverage

	Transmission bandwidth
	Wideband
	Partial-band

	Use cases
	1) Virtual sectorization
2) “Partial port” CSI-RS mapping
3) Time/frequency tracking for PDSCH decoding
	1) UE-specific beamformed CSI-RS  



As described by Figure 1, a gNB can transmit two first-level CSI-RSs on two cell-specific beams to two UEs. These two cell-specific beams 0 and 1 (hence two level-1 CSI-RSs) can be transmitted simultaneously or multiplexed in time or frequency. The gNB transmits two level-2 CSI-RSs 0.0 and 0.1. The two UE-specific beams utilized for transmitting the two second-level CSI-RSs are derived relative to the first cell-specific beam and hence correspond to subspaces of the cell-specific beam. Since these two UE-specific beams are transmitted along a smaller range of directions, they have higher penetration due to additional beamforming gains. The second UE measures second-level CSI-RS and receives data transmission from the gNB along a data beam 0.1.0. Beamforming vector for the data beam can be formed either from a CSI reporting derived from the second-level CSI-RS (more relevant for FDD) or measuring UL SRS (more relevant for TDD). Multiple CSI-RS resource components per each CSI-RS level can be studied for ease of beam direction acquisition considering operation scenarios according to the various environments such as granularity of virtual sectorization, UE mobility, etc.



[bookmark: _Ref462776972]Figure 1. NR MIMO operation based on Dual-level CSI-RS

Based on the discussions above, following proposal can be drawn.
Proposal 1: Supports dual-level CSI-RS structure including:
A level-1 CSI-RS to cover ‘non-UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be cell-/group-specific; and the CSI-RS beam(s) can provides wide coverage
Support wideband transmission
Restricted cell-specific configuration is signalled via MIB to support time/frequency tracking for PDSCH decoding
A level-2 CSI-RS to cover ‘UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be UE-specific; and the CSI-RS beam(s) can provides narrow coverage
Support partial-band transmission
Detailed design principles for CSI-RS RE pattern 
In NR-AH meeting, it was agreed that 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 [1]. As shown by non-precoded CSI-RS in Rel.13 FD-MIMO and Rel.14 eFD-MIMO, the agreed CSI-RS RE aggregation is proper to provide flexible RS RE patterns satisfying various requirements such as enough number of RS REs for large number of CSI-RS ports and high reuse factor for interference management. In addition to the above requirements, support of forward compatibilities and co-existence with LTE/LTE-A is another important issue in NR. CSI-RS patterns based on small time/frequency granularity might be a good starting point to cover both of forward compatibilities and co-existence with LTE/LTE-A. For instance, given that NR may have large dynamic range in time domain from multiple TTIs and/or numerologies, short time duration of CSI-RS pattern can be good for ease of RS interference management. Therefore, small time granularity such as CSI-RS patterns within one OFDM symbol can be considered. 
The CSI-RS component resource is defined as the base unit for CSI-RS aggregation in NR. Considering the need of CSI-RS transmission within one OFDM symbol, it is proposed to define the CSI-RS component resource as two adjacent REs in frequency domain. Over the two adjacent REs in frequency domain, length 2 OCC can be adopted to support CDM as well as TDM or FDM for CSI-RS multiplexing.
A gNB can aggregate multiple CSI-RS component resource, taking into account various aspects such as the number of antenna ports in a CSI-RS resource, required CSI-RS RE patterns for efficient CSI-RS interference management, etc. For instance, channel/interference measurements in NR may have shorter margin in time domain because of higher subcarrier spacing, shorter slot lengths, etc. Therefore, if a CSI-RS resource with larger number of CSI-RS REs is required, CSI-RS component resources within the same OFDM symbol can be aggregated into a CSI-RS RE pattern. For a network where non-precoded CSI-RS with more than 16 ports is preferred, however, CSI-RS aggregation within a single OFDM symbol may be too restrictive and compel CSI-RS RE density lower than 1 RE/RB/port. Consequently, it is recommended to support aggregation of CSI-RS component resources across the adjacent two OFDM symbols, at least. Regarding the aggregation of CSI-RS component resources across the non-adjacent OFDM symbols, various aspects such as the corresponding effects on channel estimation error, restriction on the distance between the non-adjacent OFDM symbols, overhead, etc., should be carefully studied. 
RS RE density also should be taken into account given that optimum RS RE density can be varied according to the operation scenarios as observed in eFD-MIMO discussions. For instance, low RS RE density with high reuse factor gives better performance in the interference-limited environments, but high RS RE density with enough level of transmission power performs better for the noise-limited scenarios. Consequently, to support high RS RE density for CSI-RS transmission, the OCC in each CSI-RS component resource also can be extended when a CSI-RS RE pattern is composed by multiple CSI-RS component resources. Figure 2 depicts an example of CSI-RS RE pattern and OCC extension. As represented by Figure 2, OCC can be easily extended as a function of CSI-RS component resource index within the aggregated CSI-RS RE pattern. When each CSI-RS component resource can have port p=0 and port p=1 with OCC of A=[1 1] and A=[1 -1], respectively, the aggregated CSI-RS resource, which consists of CSI-RS component resource n=0 and n=1, can contain up to four ports whose port number and the extended OCC can be calculated as p+2n∈{0, 1, 2, 3} and [A, (-1)n∙A], respectively.
[image: ]
[bookmark: _Ref474092862]Figure 2. An example of CSI-RS RE pattern and OCC extension
UE complexity also should be considered for CSI-RS pattern design. Taking into account various aspects such as minimum PDSCH decoding delay, ease of rate matching for both NR and LTE UEs, multiplexing (RE reuse) with other RSs including SRS, it is recommended to support CSI-RS REs over the latest two OFDM symbols, i.e. 13th and 14th OFDM symbols in a slot. For the same reasons, support of dedicated OFDM symbols for CSI-RS transmission is preferable. Coexistence of CSI-RS and other signals including PDSCH within the same OFDM symbols should be studied with considerations on CSI-RS power boosting, CSI-RS transmission overhead, etc.
Based on above discussions, we propose following CSI-RS design principles for NR:
Proposal 2: Support following CSI-RS RE pattern design principles for NR:
The CSI-RS component resource, e.g. a basic 1-/2-port RE patterns, comprise two adjacent REs in frequency domain
OCC-2 is adopted over the CSI-RS component resource
In the frequency domain, CSI-RS component resources within the same OFDM symbol can be aggregated into a CSI-RS RE pattern
In the time domain, CSI-RS component resources across the adjacent two OFDM symbols can be aggregated into a CSI-RS RE pattern
FFS, aggregation of CSI-RS component resources across the non-adjacent two OFDM symbols
Within a CSI-RS RE pattern composed by multiple CSI-RS component resources, OCC also can be extended 
Within a slot, at least last two OFDM symbols for DL transmission (e.g. 13th and 14th OFDM symbols in a DL only slot with 14 OFDM symbols) can contain CSI-RS REs
Minimum PDSCH decoding delay, ease of rate matching, multiplexing (RE reuse) with SRS, etc.
Support dedicated OFDM symbols for CSI-RS transmission
FFS, coexistence of CSI-RS and PDSCH within the same OFDM symbols
Conclusions
3 
In this contribution, Samsung’s view of CSI-RS for NR is presented. Based on above discussions, the following proposals are made:
Proposal 1: Supports dual-level CSI-RS structure including:
A level-1 CSI-RS to cover ‘non-UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be cell-/group-specific; and the CSI-RS beam(s) can provides wide coverage
Support wideband transmission
Restricted cell-specific configuration is signalled via MIB to support time/frequency tracking for PDSCH decoding
A level-2 CSI-RS to cover ‘UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be UE-specific; and the CSI-RS beam(s) can provides narrow coverage
Support partial-band transmission
Proposal 2: Support following CSI-RS RE pattern design principles for NR:
The CSI-RS component resource, e.g. a basic 1-/2-port RE patterns, comprise two adjacent REs in frequency domain
OCC-2 is adopted over the CSI-RS component resource
In the frequency domain, CSI-RS component resources within the same OFDM symbol can be aggregated into a CSI-RS RE pattern
In the time domain, CSI-RS component resources across the adjacent two OFDM symbols can be aggregated into a CSI-RS RE pattern
FFS, aggregation of CSI-RS component resources across the non-adjacent two OFDM symbols
Within a CSI-RS RE pattern composed by multiple CSI-RS component resources, OCC also can be extended 
Within a slot, at least last two OFDM symbols for DL transmission (e.g. 13th and 14th OFDM symbols in a DL only slot with 14 OFDM symbols) can contain CSI-RS REs
Minimum PDSCH decoding delay, ease of rate matching, multiplexing (RE reuse) with SRS, etc.
Support dedicated OFDM symbols for CSI-RS transmission
FFS, coexistence of CSI-RS and PDSCH within the same OFDM symbols
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