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1 Introduction
The following agreements were agreed for the PDSCH RE level mapping configurations, which had been discussed under the Rate matching aspects for NR DL and UL section in Scheduling/HARQ aspects session:
	Agreements in RAN1 NR Ad-Hoc #2[1]:
· A UE is configured with resources for PDSCH rate matching
· FFS details
· A UE is configured with resources for PUSCH rate matching
· FFS details

Agreements in RAN1 NR Ad-Hoc #3[2]:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.

Agreements in RAN1#91[3]:
·    NR supports aperiodic ZP-CSI-RS for rate matching, with a separate DCI field for triggering aperiodic ZP-CSI-RS.



The following are the agreements related to zero- power CSI-RS made in the MIMO session of RAN1#91[3]:
	Agreement
UE rate matches PDSCH around ZP-CSI-RS.

Agreement
	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	A list of NZP-CSI-RS resource mapping(s) by explicit configuration of time and frequency domain information


	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic ZP-CSI-RS
	Same as NZP-CSI-RS 


	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	Same as NZP-CSI-RS

	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource IDs for aperiodic triggering
	

	CC-Info
	Indication of which CC the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource configuration or in a CC configuration (up to editor)
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.

	BWP-Info
	Indication of which BWP the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource setting configuration
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.



Agreement
In addition to agreed RRC parameters for ZP-CSI-RS, following RRC parameters are added for ZP CSI-RS configuration.
	ZP-CSI-RS-Density
	Density of ZP CSI-RS resource in frequency domain = RE pattern existence per PRB (1 PRB = 12 subcarriers and 1 sym)
	Same as NZP CSI-RS resources

	ZP-CSI-RS-ResourceConfigId
	ZP-CSI-RS resource configuration ID
	0 ..  ZP-CSI-RS-ResourceMax  - 1

	ResourceConfigType
	Time domain behavior of resource configuration
	aperiodic or periodic





In this contribution, we share our views on the remaining issues of zero-power CSI-RS for PDSCH RE mapping and other remaining issues on CSI-RS.
2 Discussion on zero power CSI-RS for rate matching 
PDSCH mapping to the RBs needs to avoid the REs used for other physical downlink channels and reference signals, so that rate matching or puncturing is required for the PDSCH around these reserved resources. UE needs to be aware of the rate matching REs to avoid the mapping of PDSCH transmission. These rate matching resources are called RMR as rate matching resources, and the REs are called RMREs as rate matching REs.
2.1 Typical scenarios
Analogous to LTE, ZP CSI-RS resources for PDSCH rate matching are used in the following typical scenarios:
· NZP CSI-RS from UEs of neighboring cells
· NZP CSI-RS from other UEs in the serving cell
· Support of CSI-IM resources from PDSCH transmission on the REs configured as CSI-IM resources
· Resources reserved for the forward compatibility of NR
From the above, we can see that ZP CSI-RS for rate matching is needed for both the wanted signal and the interference estimation. 
2.2 Indication of RMR of zero power CSI-RS 
Within a BWP, the UE can be configured with one or more zero-power CSI-RS resource configuration(s) for rate matching.
For each zero-power CSI-RS resource configuration, a set of higher layer parameters have been defined via the RS setting as zero power RSs.
To support ZP CSI-RS RMR indication, the following 4 dimensional indication are needed.
Symbol bitmap within a slot
ZP-CSI-RS-ResourceMapping defines the OFDM symbol occupancy of the ZP-CSI-RS resource within a slot, thus a multi-symbol occupancy pattern are given by setting bit to “1” accordingly, which is the same as NZP CSI-RS.
RE bitmap within a RB
ZP-CSI-RS-ResourceMapping defines the subcarrier occupancy of the ZP-CSI-RS resource within a slot indicated by a bitmap.
The current agreement given below in [4] is that the bitmap signalled from RRC has the same value range and definition as for NZP CSI-RS:

Starting subcarrier:
           X = 1 port: no restriction
           Y = 2: constrained to be one among even subcarriers in an RB
           Y = 4: constrained to be one among subcarriers 0, 4, 8 in an RB
For NZP CSI-RS, the bitmap has a dynamical range from 3bits to 12 bits with the acknowledgment of the antenna port number, CDM type and CSI-RS density. So if this is applied to ZP CSI-RS, a certain parameter or a certain group of parameters is needed to define the granularity of the bitmap. Since it has been agreed not to introduce the ZP CSI-RS RE pattern parameter in [4], the parameter(s) that can indicate the offset position is also a component RE pattern related parameter, such as the antenna port number. The introduction of such parameters may lead to a misunderstanding of the definition of ZP CSI-RS for rate matching. 
We suggest using a one full dimension bitmap with a bitwidth of 12 bits to indicate the subcarrier occupancy of the ZP CSI-RS pattern without the introduction of any other parameter(s) and aggravating the RRC signalling overhead.
 By using the joint indication with the symbol bitmap within a slot and the RE level bitsmap, the parameter ZP-CSI-RS-ResourceMapping can provide enough flexibility to indicate a ZP CSI-RS pattern for a certain kind of CSI-RS resource. The subcarrier occupancy should be identical for each symbol indicated by symbol bitmap, which has been supported both for a NZP CSI-RS resource and the ZP CSI-RS resource for CSI-IM.
Proposal 1: RE bitmap within a RB in the frequency domain can be defined as a one full dimension 12-bit bitmap. 

Apart from the RE level indication of a certain pattern within a PRB, a RB level indication are also needed.
RB level indication in frequency domain
To support the wideband or the partial-band configuration of the UE, the frequency occupancy is indicated with the following higher layer parameters:
· CC-Info indicates which CC the configured CSI-RS is located in.
· BWP-Info indicates which BWP the configured CSI-RS is located in.  
· ZP-CSI-RS-FreqBand indicates the configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP, with a minimum bandwidth of 24RBs and a 4RB-gradularity bitmap indication. 
· ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, with the allowed values within {1/2, 1, 3}. When it is configured as 1/2, an extra bit in the RRC signaling of “comb offset” is also needed indicating whether odd or even PRBs are occupied by ZP CSI-RS.
RB level indication method should be the same for ZP CSI-RS as that of NZP CSI-RS, with indication of BWP and CC per UE.
Slot level indication in time domain
ZP-CSI-RS-timeConfig defines the ZP-CSI-RS periodicity and slot offset for periodic ZP-CSI-RS. 
From the above 4 dimensional indication configuration, the resource of the zero power CSI-RS for PDSCH RE mapping is identified.
2.3 Trigger of aperiodic zero power CSI-RS for rate matching
The ZP-CSI-RS configuration can be periodic or aperiodic. The UE is configured with a separate DCI field for triggering the aperiodic ZP-CSI-RS for rate matching. A UE can be semi-statically configured with multiple aperiodic ZP CSI-RS configuration(s). Multiple combinations of these candidates can be configured as a set of triggering states according to different scenarios by the gNB. Each triggering state may contain one or multiple aperiodic ZP CSI-RS configuration(s) that need to be rate matched simultaneously for the PDSCH transmission. The set of triggering states is configured by higher layer signaling. For a dedicated DCI indication, one out of the multiple configured triggering states is indicated to the UE, so that the PDSCH RE mapping can be rate matched around these RMRs.
For the DCI part, DCI format 1_1 is used for the scheduling of PDSCH in one cell in [5].
-	ZP CSI-RS trigger – X bits (FFS) 
The mechanism for triggering the aperiodic zero power CSI-RS for rate matching has the following options:
1) RRC+DCI
2) RRC+MAC-CE+DCI
Now it is agreed in [5] that the DCI indication for the RB level PDSCH mapping is 2 bit. Compared with DCI indication for RB level, a reasonable signalling overhead of the ZP CSI-RS trigger for the RE level PDSCH mapping can be no more than 3 bits, which need to be further determined related to the triggering mechanism. So for option 1, the DCI trigger can make a selection of no more than 8 triggering states with 3 bits. For option 2，MAC-CE can have a selection among the states configured by RRC, so 2 bits in DCI can select one out of four states. Analogous to LTE realization, option 2 is preferred.
Proposal 2: A set of up to 8 triggering states may be configured per UE by RRC signalling.
Proposal3: For aperiodic zero power CSI-RS for rate matching, the trigger by DCI indication among the MAC-CE configured states is supported.  Two bits in DCI are suggested to indicate the selected states.
3 Other remaining issues on CSI-RS
In Subclause 7.4.1.5.3 (page 68) in TS 38.211[6], CSI-RS port numbering is described as:
[bookmark: _Hlk500920575]The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000.
In RAN1#90bis and RAN1#91 meeting, the following agreements have been achieved:
Agreement:
Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.
Agreements:
· Support assigning CSI-RS port index across CDM groups first in frequency domain and then in time domain

According to the agreements, the above description on CSI-RS port numbering in the spec is not quite clear, which needs to be revised.
-----------------------------------------------------Start of TP for 38.211----------------------------------------------------------------
[bookmark: _Toc500952748]7.4.1.5.3	Mapping to physical resources
-------------------   omitted  -----------------
The UE shall assume that a CSI-RS is transmitted using antenna ports numbered within a CDM group first, then across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000.
---------------------------------------------------------------------END of TP-------------------------------------------------------------

The CSI-RS locations are given in Table 7.4.1.5.2-1 as
Table 7.4.1.5.2-1: CSI-RS locations within a slot.
	Row
	Ports
	
Density 
	CDMtype
	

	

	


	1
	1
	3
	No CDM
	


, , 
	0
	0

	2
	1
	1, 0.5
	No CDM
	

	0
	0

	3
	2
	1, 0.5
	FD-CDM2
	

	0, 1
	0

	4
	4
	1
	FD-CDM2
	

	0, 1
	0

	5
	4
	1
	FD-CDM2
	

,
	0, 1
	0



The agreed CSI-RS pattern in RAN1#91 is shown in the following table.
Agreements:
	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	Agreed CDM types for different X and N
{No CDM} for X = 1 and N = 1
{FD-CDM2} for X = 2 and N = 1
{FD-CDM2} for X = 4 and N = 1
{FD-CDM2} for X = 8 and N = 1
{FD-CDM2, CDM4 (FD2,TD2)} for X = 8 and N = 2
{FD-CDM2} for X = 12 and N = 1
{CDM4 (FD2,TD2)} for X = 12 and N = 2
{FD-CDM2, CDM4 (FD2,TD2)} for X = 16 and N = 2
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 24 and N = 4
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 32 and N = 4



According to the agreed CSI-RS pattern, for X=4 port CSI-RS, only (Y,Z)=(4,1) is supported. However, the highlighted row 5 in Table 7.4.1.5.2-1 corresponds to (Y,Z)=(2,2) for X=4 port CSI-RS, which should be removed to be aligned with the agreement.
 Proposal4: For X=4 port CSI-RS, remove the pattern (Y,Z)=(2,2).

In Subclause 5.2.2.3.1 (page 51) in TS 38.214[7], for NZP CSI-RS resource configuration, the following parameter is included:
 (
 
Pc-PDCCH
 which is the assumed ratio of PDCCH EPRE to non-zero power CSI-RS EPRE and takes the value of 0 dB.
  
CSI-RS-
ResourceRep
 
parameter associated with a CSI-RS resource set defines whether a repetition in conjunction with spatial domain transmission filter is ON/OFF at 
gNB
-side as described in 
Subclause
 5.1.6.1.2. -    
QCL-
InfoPeriodicCSI
-RS
)
Since the EPRE ratio of PDCCH to NZP CSI-RS is fixed to 0dB, the RRC parameter Pc-PDCCH is not needed. In addition, the parameter CSI-RS-ResourceRep is configured per resource set, which is not a NZP CSI-RS resource parameter configured by NZP-CSI-RS-ResourceConfig.

Proposal 5: For NZP CSI-RS resource configuration, remove the RRC parameter Pc-PDCCH and CSI-RS-ResourceRep .
In Subclause 5.2.2.3.1 (page 52) in TS 38.214[7], for NZP CSI-RS resource configuration, the following parameter is included:
 (
 
The UE 
may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements.
The UE 
may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements, if the higher layer parameter 
NrofPorts
 is configured as 1 or 2.
)
In RAN1#91 meeting, it has been agreed that
Agreement
A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
Above applies for the case where SS block and CSI-RS are spatially QCL-ed 
Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS
Above applies for the cases: CSI-RS only used for beam management

From the agreement, only CSI-RS used for beam management could be FDMed with SS/PBCH block. Considering CSI-RS used for CSI acquisition could also be configured with 1 or 2 ports, configuring NrofPorts to be 1 or 2 does not necessarily mean such CSI-RS is used for beam management. In this way, our preference is to add a restriction on the description.
Another issue is about the multiplexing of CSI-RS and SSB/CORESET. According to the above agreements, there are several restrictions on CSI-RS multiplexed with SSB, i.e. SSB and CSI-RS are spatially QCL-ed and only applicable for CSI-RS for beam management, which are not captured in 214 yet.
-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[bookmark: _Toc501048198]5.2.2.3.1	Non-zero power CSI-RS
-------------------   omitted  -----------------
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block when CSI-RS and SS/PBCH block are spatially QCL-ed and the CSI-RS is only linked to the L1-RSRP related reporting settings, but not in the same resource elements.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements, if the higher layer parameter NrofPorts is configured as 1 or 2 and the CSI-RS is only linked to the L1-RSRP related reporting settings..
---------------------------------------------------------------------END of TP-------------------------------------------------------------


4 Summary
In this contribution we provide our views on details of the parameters required for ZP CSI-RS resource configuration and other remaining issues on CSI-RS. The according proposals are made as follows:
Proposal 1: RE bitmap within a RB in the frequency domain can be defined as a one full dimension 12-bit bitmap.
Proposal 2: A set of up to 8 triggering states may be configured per UE by RRC signalling.
Proposal3: For aperiodic zero power CSI-RS for rate matching, the trigger by DCI indication among the MAC-CE configured states is supported.  Two bits in DCI are suggested to indicate the selected states.
Proposal 4: For X=4 port CSI-RS, remove the pattern (Y, Z) = (2, 2).
Proposal 5: For NZP CSI-RS resource configuration, remove the RRC parameter Pc-PDCCH and CSI-RS-ResourceRep.
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