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Introduction
In RAN NR-AH#2 meeting, the following agreements on NR CSI-RS were made [1]:
	Agreements:
· At least for CSI acquisition, for N=4 OFDM symbols, 
· Support two pairs of adjacent OFDM symbols for one CSI-RS resource where the two pairs can be adjacent or non-adjacent
· For each pair, support a uniform RE mapping pattern in the time domain wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· Note: CDM pattern will be discussed separately
Agreements:
· Support for CSI-RS sequence design:
· (Working assumption) PN sequence at least for CSI-RS for CSI acquisition
· UE specifically configured CSI-RS sequence seed
· FFS, sequence design, e.g. PN sequence, ZC sequence, M sequence, etc., for other use cases such as beam management and fine time/frequency tracking
Agreements:
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 
Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details



· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table
Agreements:
· For partial-band CSI-RS, partial-band can be the same as bandwidth part
· FFS whether or not to have small values than the bandwidth of bandwidth part
Agreements:
· Confirm the WA with the following revision
· Support PN sequence for CSI-RS for CSI acquisition and beam management
· FFS detailed sequence generation and initialization methods
· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.
Agreements:
· Down-select among the following two options in the next meeting
· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Agreements:
· Down-select among the following two options in the next meeting:
· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.
· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot
Agreements:
· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:
· Alt 1: Distributed across multiple of the component CSI-RS RE patterns
· Alt 2: Fully contained within one component CSI-RS RE pattern 
· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns
Agreements:
· For CSI acquisition, at least the following parameters associated with a CSI-RS resource can be indicated to be a UE based on higher-layer configuration:
· Number of CSI-RS ports  
· Density (RE/PRB/port) 
· For density = 1/2, comb offset
· CDM (Length, Type) 
· Locations of the component RE patterns for the corresponding CSI-RS resource
· FFS on signaling details
· Scrambling ID
· Note: the detailed approach for the above signaling is FFS
Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”




This contribution provides Samsung’s views on remaining details of CSI-RS, especially for the CSI acquisition aspects.

Remaining details on CSI-RS RE patterns
1 
2 
Additional CSI-RS RE patterns for CSI acquisition
In RAN1#89 meeting, the numbers of CSI-RS ports as captured by Table 1 were agreed for type I and II CSI feedback [2]. 
[bookmark: _Ref489863031]Table 1. Agreed values of X for type I and II CSI feedback [2]
	Number of CSI-RS ports
	
	

	4
	(2,1)
	(4,-)

	8
	(2,2)
	(4,4)

	
	(4,1)
	(4,-)

	12
	(3,2)
	(4,4)

	
	(6,1)
	(4,-)

	16
	(4,2)
	(4,4)

	
	(8,1)
	(4,-)

	24
	(6,2), (4,3)
	(4,4)

	
	(12,1)
	(4,-)

	32
	(8,2), (4,4)
	(4,4)

	
	(16,1)
	(4,-)



To be aligned with the previous agreements on CSI feedback, at least the following entries should be additionally supported.
[bookmark: _Ref489864379]Table 2. Least sets of entries for CSI-RS resources to support the type I and II CSI feedback
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	12
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	24
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2), CDM8
	FFS, CDM8 details

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2), CDM8
	FFS, CDM8 details



In Table 2, it is noted that density of 1/2 RE/RB/port is beneficial especially for 24 ports cases given that it can provide reuse factor of 2 within the same CSI-RS OFDM symbols. Support of CDM8 for 24 ports CSI-RS is also essential to meet the 6dB power boosting limitation for full power utilization. Further details on CDM RE mapping patterns are discussed in Section 2.2.
Proposal 1: Support at least the entries in Table 2.
[bookmark: _Ref489865661]CDM-8 RE mapping details
Various RE mapping patterns for CDM-8 have been discussed during NR SI and WI including how many REs can span over the time and frequency domain (e.g. (FD2, TD4) vs. (FD4, TD2)), adjacent/non-adjacent REs within a CDM pattern, etc. Since NR should take into account various aspects, such as multiple numerologies, coexistence of slot and non-slot structures, coexistence of NR and LTE, it is not preferred to have a single CDM-8 pattern for all operation scenarios.
For instance, with the values of N=4, CDM8(FD2, TD4), the available reuse factor of 32-port CSI-RS within the 4 CSI-RS OFDM symbols will be one, and the network may suffer from limited CSI-RS interference management capabilities. (16 REs among the total 48 REs will be abandoned.) One way to resolve this issue is to permit flexible CDM-8 RE mapping patterns. So the REs within a CSI-RS OFDM symbol can be equally used for 24-/32-port CSI-RS resources without any dumped REs. Therefore, at least the following two options should be supported especially for 24 and 32 ports CSI-RS, respectively; a CDM-8 RE pattern for 24-port CSI-RS resource can span 2 or 4 OFDM symbols, a CDM-8 RE pattern for 32-port CSI-RS resource can span 4 or 6 OFDM symbols.
Proposal 2: Support CDM-8 for 24 and 32 ports CSI-RS resources
· A CDM-8 RE pattern for 24-port CSI-RS resource can span 2 or 4 OFDM symbols
· A CDM-8 RE pattern for 32-port CSI-RS resource can span 4 or 6 OFDM symbols.
CSI-RS OFDM symbol locations
In RAN1#88bis, 2-/4-ports CSI-RS resources, which are composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain, were defined as (M,N)=(2,1) for 2-port CSI-RS and (M,N)=(4,1) or (2,2) for 4-port CSI-RS. Since CSI-RS resources for less numbers of ports will be seeds for those for larger numbers of CSI-RS ports, the complete picture of CSI-RS resources with less numbers ports, e.g. 2 or 4 ports, should be determined first. To illustrate full figure of CSI-RS resources, the location of CSI-RS OFDM symbols can be discussed under the basic design principles as follows.
Firstly, CSI-RS should be transmitted over OFDM symbols without PDCCH or DMRS. If CSI-RS can be transmitted in the OFDM symbol with PDCCH, then the potential CSS or USS should be able to avoid CSI-RS transmission bandwidths or the RE mapping patterns of CSS or USS should be varied according to the existence of CSI-RS. On the other hands, if a gNB transmits CSI-RS and DMRS within the same OFDM symbol, then the maximum number of MIMO layers or the maximum orders of MU transmission can be limited in that slot. Given that both options can induce high gNB/UE implementation complexities or system performance degradations, non-overlapping between CSI-RS and PDCCH/DMRS is desirable. As a starting point, non-overlapping between CSI-RS and full set of DMRS can be considered. If more rooms for large numbers of CSI-RS ports are required or if there are not enough number of REs for CSI-RS transmission, additional RE locations, e.g. 2nd DMRS OFDM symbols for front-loaded DMRS or additional DMRS, can be further considered.
Minimum PDSCH decoding delay motivating front-loaded DMSR is another important aspect that should be taken into account for CSI-RS OFDM symbol location. For example, a slot structure with front-loaded DMRS and PDSCH first followed by CSI-RS can be considered.
For LTE-NR co-existence, applicability of rate matching for both NR and LTE UEs can be an important aspect for CSI-RS OFDM symbol location. Some subsets of CSI-RS resources for NR and LTE can be overlapped for this purpose. For instance, both NR and LTE UEs can be aware of CSI-RS in the 7th, 8th, 13th, and 14th OFDM symbols.
Both performances and gNB/UE implementation complexities also should be taken into account. In the perspective of CSI acquisition performance, adjacent REs as much as possible to support up to 32-port CSI-RS are desirable. On the other hands, the maximum numbers of CSI-RS related parameters, such as CSI-RS resource settings, CSI-RS resource sets, and CSI-RS resources, etc., should be determined carefully since they can affect the corresponding RRC/MAC CE/L1 signalling overhead.
Based on above discussions, the following design principles are available.
Proposal 3: Consider the followings to determine CSI-RS OFDM symbol location:
· Non-overlapping between CSI-RS and PDCCH/DMRS
· As a starting point, consider non-overlapping with full set of DMRS
· If more rooms for large numbers of CSI-RS ports are required or if there are not enough number of REs for CSI-RS transmission, additional RE locations, e.g. 2nd DMRS OFDM symbols for front-loaded DMRS or additional DMRS, can be further considered
· PDSCH decoding delay has higher priority than fast CSI acquisition
· E.g. front-loaded DMRS and PDSCH first, followed by CSI-RS
· Ease of rate matching for both NR and LTE UEs
· Some subsets of CSI-RS resources for NR and LTE can be overlapped for this purpose. E.g. they can be aware of CSI-RS in the 7th, 8th, 13th, and 14th OFDM symbols.
· Adjacent REs as much as possible to support up to 32-port CSI-RS
· gNB & UE implementation complexities
· The maximum numbers of CSI-RS resource settings, CSI-RS resource sets, and CSI-RS resources.
· The corresponding RRC/MAC CE/L1 signalling overhead
3 
4 
5 

Figure 2 represents potential RE locations of NR-PDCCH and NR-DMRS. Two and Three OFDM symbols are assumed to be used for PDCCH transmission in the left and right figures, respectively. In case of the {1st, 2nd} OFDM symbols are used for PDCCH and the {3rd, 4th} OFDM symbols are utilized for DMRS, at least the {5th, 6th, 7th, 8th, 13th, 14th} OFDM symbols can be considered as candidates for CSI-RS transmission. On the other hands, if {1st, 2nd, 3rd} OFDM symbols contain PDCCH and the {4th, 5th} OFDM symbols are utilized for DMRS, at least the {6th, 7th, 8th, 9th, 13th, 14th} OFDM symbols can be another options for CSI-RS transmission. It is noted that both options can satisfy the proposed design principles above.
Figure 3 and Figure 4 depict detailed RE mapping of CSI-RS resources for 1-/2-port and 4-port for 1RE/RB/port CSI-RS RE density and two PDCCH OFDM symbols, respectively. In Figure 3, up to 36 types of 1-/2-port CSI-RS resources based on (M,N)=(2,1) are available. Similarly, 17 types of 4-port CSI-RS resources with (M,N)=(2,2) and with (M,N)=(4,1) are defined as Figure 3(a) and Figure 3(b), respectively. 

[image: ]
Figure 1. Potential RE locations of NR-PDCCH and NR-DMRS

[image: ]
Figure 2. Proposed 1-/2-port CSI-RS resources for 1RE/RB/port CSI-RS RE density and 2 PDCCH OFDM symbols

[image: ]
[bookmark: _Ref485307002]Figure 3. Proposed 4-port CSI-RS resources for 1RE/RB/port CSI-RS RE density and 2 PDCCH OFDM symbols

Aggregation of the component CSI-RS RE patterns can be used to define CSI-RS resources for larger than 4-port CSI-RS. Since small granularity of RE pattern aggregation in the frequency domain is preferred for ease of multiplexing with other signals, the component CSI-RS RE patterns with (Y,Z)=(2,1) and (Y,Z)=(2,2) should be utilized for N=1 CSI-RS OFDM symbol and N>1 CSI-RS OFDM symbols, respectively. For instance, a subset of component CSI-RS RE patterns within a single OFDM symbol can be configured. After that the same RE pattern can be used for other OFDM symbols. Considering configuration flexibilities, the RE pattern replication over non-adjacent 4 OFDM symbols also should be studied. Based on the proposed approach, the required number of the component CSI-RS RE pattern configuration is up to four for 32-port CSI-RS.
Based on the discussions above, the following proposal can be drawn:
Proposal 4: Define 2-/4-port CSI-RS resources on the {5th, 6th, 7th, 8th, 13th, 14th} OFDM symbols.
· CSI-RS resources for >4-port CSI-RS resource can be aggregated by multiple component CSI-RS RE patterns, where the component CSI-RS RE patterns can be (Y,Z)=(2,1) for N=1 or (Y,Z)=(2,2) for N>1.
· For N=4, the number of adjacent OFDM symbols for one CSI-RS resource can be 2 or 4.
· Within the adjacent OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol.
· FFS, a uniform RE mapping pattern across the non-adjacent OFDM symbols.
Other remaining details
6 
Various configurations of CSI-RS related parameters should be explicitly signalled via RRC/MAC CE/L1 or implicitly determined by predefined rules. In this section, higher layer signalling supports for the following aspects are discussed:
· CSI-RS bandwidth related configuration.
· Timing related configuration.
· Transmission power related configuration (e.g. EPRE ratio between CSI-RS and PDSCH).
· CSI-RS sequence
How to and/or whether to configure/trigger wideband/partial-band periodic/semi-persistent/aperiodic CSI-RSs should be carefully considered in NR. One of the simplest way is to configure CSI-RS bandwidth explicitly. In this approach, exact locations of each CSI-RS resource in the frequency domain, e.g. the starting RB index and the number of contiguous RBs for CSI-RS transmission/reception, can be signalled by higher layer signalling. If we consider operation scenarios with multiple CSI-RS resources for multi-TRP or multi-beam, which also can require both wideband/partial-band CSI-RSs, then the corresponding signalling overhead could be linearly increased according to the number of partial-band CSI-RS resources. Therefore, implicit configuration of CSI-RS bandwidth also can be considered to minimize redundant signalling overhead in some cases. For instance, frequency hopping for periodic/semi-persistent CSI-RS is a good example to get CSI across wider BW through partial-band CSI-RS without signalling overhead. On the other hands, linkage between the existing bandwidth configuration, such as bandwidth part or CORESET bandwidth, and the CSI-RS bandwidth also can be considered in case of partial-band & aperiodic CSI-RS. I.e., the CSI-RS bandwidth of aperiodic CSI-RS can be tied with the scheduling information for PDSCH or PDCCH.
To define timing related configurations for semi-persistent or periodic CSI-RS, following two options can be taken into account; 1) specify the periodicity and timing offset as absolute time, 2) specify the periodicity and timing offset as the slot or mini-slot indices. In case of option 1, CSI-RS transmission timing can be controlled regardless of PDSCH or CSI-RS numerologies, even if UE-specifically configured. In contrast, option 2 may provide variable transmission timing of CSI-RS according to the PDSCH or CSI-RS numerologies.
Regarding the transmission power related configuration, EPRE ratio between CSI-RS and PDSCH and the corresponding values in LTE should be considered as base line unless the reasons for defining other types of parameters or introducing additional values are identified.
In RAN1 NR-AH#2 meeting, it was agreed to support PN sequence for CSI-RS for CSI acquisition and beam management. For the detailed sequence generation and initialization methods, it should be taken into account that potential sharing of CSI-RS resource within a certain UE group is one of the most important features of CSI-RS. Therefore, among the listed alternatives in RAN1 NR-AH#2, UE ID should not be considered as one of candidate inputs for CSI-RS sequence generation and initialization unless a clear gain is clarified.
Based on the discussions above, the following proposal can be made:
Proposal 5: Consider following aspects for higher layer signalling support for CSI-RS.
· At least one of following options are supported to configure/indicate CSI-RS bandwidth
· Explicit configuration of CSI-RS bandwidth.
· E.g. configuration of starting RB and the number of contiguous RBs for CSI-RS.
· Implicit configuration of CSI-RS bandwidth.
· E.g. frequency hopping for periodic/semi-persistent CSI-RS.
· E.g. bandwidth part or CORESET BW for aperiodic CSI-RS
· At least one of following options can be considered for CSI-RS transmission timing.
· Specify the periodicity and timing offset as absolute time.
· Specify the periodicity and timing offset as the slot or mini-slot indices.
· As a baseline, EPRE ratio between CSI-RS and PDSCH and the corresponding values in LTE are considered for the CSI-RS transmission power related configuration.
· UE ID should not be considered as one of candidate inputs for CSI-RS sequence generation and initialization

Conclusions
In this contribution, Samsung’s view of CSI-RS for NR is presented. Based on above discussions, the following proposals are made:
Proposal 1: Support at least the entries in Table 2.
Table 2. Least sets of entries for CSI-RS resources to support the type I and II CSI feedback
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	12
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	24
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2), CDM8
	FFS, CDM8 details

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2), CDM8
	FFS, CDM8 details



Proposal 2: Support CDM-8 for 24 and 32 ports CSI-RS resources
· A CDM-8 RE pattern for 24-port CSI-RS resource can span 2 or 4 OFDM symbols
· A CDM-8 RE pattern for 32-port CSI-RS resource can span 4 or 6 OFDM symbols.
Proposal 3: Consider the followings to determine CSI-RS OFDM symbol location:
· Non-overlapping between CSI-RS and PDCCH/DMRS
· As a starting point, consider non-overlapping with full set of DMRS
· If more rooms for large numbers of CSI-RS ports are required or if there are not enough number of REs for CSI-RS transmission, additional RE locations, e.g. 2nd DMRS OFDM symbols for front-loaded DMRS or additional DMRS, can be further considered
· PDSCH decoding delay has higher priority than fast CSI acquisition
· E.g. front-loaded DMRS and PDSCH first, followed by CSI-RS
· Ease of rate matching for both NR and LTE UEs
· Some subsets of CSI-RS resources for NR and LTE can be overlapped for this purpose. E.g. they can be aware of CSI-RS in the 7th, 8th, 13th, and 14th OFDM symbols.
· Adjacent REs as much as possible to support up to 32-port CSI-RS
· gNB & UE implementation complexities
· The maximum numbers of CSI-RS resource settings, CSI-RS resource sets, and CSI-RS resources.
· The corresponding RRC/MAC CE/L1 signalling overhead
Proposal 4: Define 2-/4-port CSI-RS resources on the {5th, 6th, 7th, 8th, 13th, 14th} OFDM symbols.
· CSI-RS resources for >4-port CSI-RS resource can be aggregated by multiple component CSI-RS RE patterns, where the component CSI-RS RE patterns can be (Y,Z)=(2,1) for N=1 or (Y,Z)=(2,2) for N>1.
· For N=4, the number of adjacent OFDM symbols for one CSI-RS resource can be 2 or 4.
· Within the adjacent OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol.
· FFS, a uniform RE mapping pattern across the non-adjacent OFDM symbols.
Proposal 5: Consider following aspects for higher layer signalling support for CSI-RS.
· At least one of following options are supported to configure/indicate CSI-RS bandwidth
· Explicit configuration of CSI-RS bandwidth.
· E.g. configuration of starting RB and the number of contiguous RBs for CSI-RS.
· Implicit configuration of CSI-RS bandwidth.
· E.g. frequency hopping for periodic/semi-persistent CSI-RS.
· E.g. bandwidth part or CORESET BW for aperiodic CSI-RS
· At least one of following options can be considered for CSI-RS transmission timing.
· Specify the periodicity and timing offset as absolute time.
· Specify the periodicity and timing offset as the slot or mini-slot indices.
· As a baseline, EPRE ratio between CSI-RS and PDSCH and the corresponding values in LTE are considered for the CSI-RS transmission power related configuration.
· UE ID should not be considered as one of candidate inputs for CSI-RS sequence generation and initialization
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