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1. Introduction
In this contribution, we share our views on the remaining issues on CSI-RS.
2. Reference point for initial RB index
The following agreement was made in the RAN1#92bis meeting [1]:
	Agreement
Text proposal for Section 5.2.2.3.1 in 38.214
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. If the configured bandwidth is larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size.




The CSI-RS bandwidth for a CSI-RS resource within a BWP is configured via higher layer parameter CSI-RS-FreqBand with the initial RB index and the number of spanned RBs, both in the units of 4RBs. 
From the current IE CSI-FrequencyOccupation in [4] as shown below, the reference point of the initial RB index is PRB0 within a BWP.
· CSI-FrequencyOccupation information element

CSI-FrequencyOccupation ::=				SEQUENCE {
	-- PRB where this CSI resource starts in relation to PRB 0 of the associated BWP. 
	-- Only multiples of 4 are allowed (0, 4, ...)
	startingRB								INTEGER (0..maxNrofPhysicalResourceBlocks-1),
	-- Number of PRBs across which this CSI resource spans. Only multiples of 4 are allowed. The smallest configurable 
	-- number is the minimum of 24 and the width of the associated BWP.
	nrofRBs									INTEGER (24..maxNrofPhysicalResourceBlocks),
	...
}


For CSI reporting, the reporting subband boundaries are aligned with PRG boundaries in the CRB grid and all the subband sizes are multiple of 4 RBs. If the starting RB index of a CSI-RS resource is not configured as multiple of 4 RBs in CRB, this may also lead to the misalignment with the CSI reporting subband configuration. In our view, the misalignment happens both to the first reporting subband and the last reporting subband. So it is a better way to align with the CSI reporting numbering.
More importantly, this may cause confusion when the density of CSI-RS is less than 1. 
For the density of CSI-RS configuration, it is specified in [3] that the odd/even PRB allocation indicated in density is with respect to the common resource block grid when density equals 1/2. The agreement made in last meeting is shown below:
	Agreement
Text proposal for Section 5.2.2.3.1 in 38.214
--------------------------------------------------------------------------------------------------------------------------
-	CSI-RS-Density defines CSI-RS frequency density of each CSI-RS port per PRB and CSI-RS PRB offset in case of the density value of 1/2, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211]. For density ½, odd/even PRB allocations is respect to the common resource block grid.




If the reference point of CSI-RS is PRB0 in a BWP, the common understanding of the even PRB is from the lowest indexed PRB#0 and odd PRB is from the PRB#1. Because the staring PRB index of a BWP may not be an even number, so this may lead to odd/even PRB understanding misalignment with the PRB numbering method agreed for density already. This may cause unnecessary confusion in the system, and even lead to errors between different densities too. From the above, we can see it is necessary to specify the reference point of CSI-RS as CRB0, not PRB0. The RRC signaling needs to be modified accordingly.
Proposal 1: The reference point for initial RB index is suggested as common resource block 0. 
The following TP is proposed to clarify this in TS38.214.
-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[bookmark: _Toc501048198]5.2.2.3.1	NZP CSI-RS
                                                                     ------omitted------

-	freqBand in CSI-RS-ResourceMapping parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211], the reference point for the initial RB index is common resource block 0, and the minimum bandwidth is the minimum between 24 and  resource blocks 
                                                                     ------omitted------
-------------------------------------------------------------------END of TP----------------------------------------------------------------------
Send LS to RAN2 to inform of the change.

3. Bandwidth definition of CS-RS related to initial RB index
If the bandwidth of the configured BWP is not multiple of 4 RBs, the configured bandwidth may be misaligned with the actual spanned bandwidth when the ending RB index of the CSI-RS resource exceeds the PRB boundary of the BWP. The agreement made last meeting allows the CSI-RS resource cover the entire bandwidth only when the starting RB index is from the lowest indexed BWP, which is not adequate and not right when the starting RB index is not from the very beginning of the BWP (e.g. as shown in figure 1). The misalignment between the configured bandwidth and the actual spanned bandwidth still exits since the position of the starting RB can be at RB within the BWP, so we need to clarify the actual bandwidth definition in TS38.214.  Note that from the analysis above, the reference of the starting RB index should be CRB 0.
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 Figure 1 bandwidth part and CSI-RS bandwidth
Proposal 2: The actual bandwidth definition of a CSI-RS resource within a BWP need to be clarified in TS38.214.
The following TPs are proposed for both NZP CSI-RS and ZP CSI-RS, which are also combined into the TPs in Section 4.

TP1 for ZP CSI-RS:
-----------------------------------------------------Start of TP for 38.214-----------------------------------------------------------------------
5.1.4.2	PDSCH resource mapping with RE level granularity
                                                                     ------omitted------
-	ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. If the configured bandwidth is equal or larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size, otherwise, the bandwidth is the actually spanned bandwidth of a ZP CSI-RS resource.. 
                                                                     ------omitted------
-------------------------------------------------------------------END of TP----------------------------------------------------------------------

TP2 for NZP CSI-RS:
-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
5.2.2.3.1	NZP CSI-RS
                                                                     ------omitted------
-	freqBand in CSI-RS-ResourceMapping parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211], and the minimum bandwidth is the minimum between 24 and  resource blocks. If the configured bandwidth is equal or larger than the corresponding BWP , UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size, otherwise, the bandwidth is the actually spanned bandwidth of a NZP CSI-RS resource.

                                                                     ------omitted------
-------------------------------------------------------------------END of TP----------------------------------------------------------------------


4. Alignment between TS38.214 and TS38.331 on minimum bandwidth
The value range of the field nrofRBs in the IE CSI-FrequencyOccupation(see Section 2 above) starts from 24 RBs, which is not right in small BWP configuration scenarios both for CSI-RS and CSI-RS for tracking.
 In the circumstance of    less than 24 RBs, the minimum bandwidth of a CSI-RS resource should be   RBs, which has been agreed and specified in spec [3].  And for the configuration of CSI-RS for tracking, the bandwidth is the minimum of 52 and [image: ] resource blocks, or is equal to [image: ] resource blocks as specified in TS38.214, which may also beless than 24 RBs. 
So we can see there are misalignment between RAN1 and RAN2 spec. If we leave the RRC signaling unchanged, then the proposal in Section 2 can solve the issue. If the minimum configured bandwidth is 24RBs for a BWP bandwidth less than 24 RBs, the actual bandwidth can be determined correctly from the suggested definition.
Proposal 3: The value range and field description of the field nrofRBs in the IE CSI-FrequencyOccupation in TS38.331 is misaligned with RAN1 spec.  Proposal 1above is still recommended to solve this misalignment.

5. Alignment between ZP CSI-RS and NZP CSI-RS configuration

A misalignment between TS38.214 and TS38.331 is that resource type configuration for ZP CSI-RS. The resource type parameter indicates the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration, which can be periodic, semi-persistent or aperiodic. But this parameter was deleted in the IE ZP-CSI-RS-ResourceSet in [6]  in last meeting as below. Since the latest in TS38.331, separate resource sets were defined for each resource type in IE PDSCH-Config, periodic sets have not been introduced yet.  Thus the resource type field becomes obsolete since the type of the resource set is known from the list in which it is defined.
ZP-CSI-RS-ResourceSet information element
-- ASN1START
-- TAG-ZP-CSI-RS-RESOURCESET-START

ZP-CSI-RS-ResourceSet ::= 			SEQUENCE {
	zp-CSI-RS-ResourceSetId				ZP-CSI-RS-ResourceSetId,
	zp-CSI-RS-ResourceIdList			SEQUENCE (SIZE(1..maxNrofZP-CSI-RS-ResourcesPerSet)) OF ZP-CSI-RS-ResourceId,
	resourceType						ENUMERATED {aperiodic, semiPersistent, periodic},
	...
}


There are some other descriptions that should be fixed to keep the alignment between ZP CSI-RS and NZP CSI-RS configuration.

Proposal 4：Misalignment between ZP CSI-RS and NZP CSI-RS configuration description in TS38.214 need to be fixed.

The proposed TPs are given below.
TP 1:

----------------------------------------------Start of TP of ZP CSI-RS for 38.214-----------------------------------------------------------
                                                                  
[bookmark: _Toc510988175]5.1.4.2	PDSCH resource mapping with RE level granularity
   ------omitted------
-	within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) (higher layer parameter zp-CSI-RS-ResourceToAddModList in ZP-CSI-RS-ResourceSet), with each ZP-CSI-RS resource set consisting of at most [64] ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource  determines ZP CSI-RS resource configuration identity.
-	NrofPorts in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
           -    density in CSI-RS-ResourceMapping defines CSI-RS frequency density of each CSI-RS port per PRB, and CSI-RS PRB offset in case of the density value of 1/2, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211]. For density 1/2, the odd/even PRB allocation indicated in density is with respect to the common resource block grid.
-	CDMType in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-FfreqBand parameters in CSI-RS-ResourceMapping enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211], the reference point for the initial RB index is common resource block 0, and the minimum bandwidth is the minimum between 24 and  resource blocks. If the configured bandwidth is equal or larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size, otherwise, the bandwidth is the actually spanned bandwidth of a ZP CSI-RS resource.
-	CSI-RS-RresourceMapping given by ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
[bookmark: _Hlk512445251]-	periodicityAndOffset in ZP-CSI-RS-Resource  defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 
-	resourceType in ZP-CSI-RS-ResourceSet  defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause 7.4.1.5 of [4, TS 38.211]. The ZP-CSI-RS-ResourceConfigType can be periodic, semi-persistent or aperiodic. All the resources in a ZP CSI-RS resource set in PDSCH-Config are configured with the same ZP-CSI-RS-ResourceConfigType time domain behavior which can be periodic, semi-persistent or aperiodic. (‘periodic’, ‘semi-persistent’, ‘aperiodic’).
-	bwp-Id in CSI-ResourceConfig defines which bandwidth part the configured ZP CSI-RS is located in.
                                                                                  ------omitted------
-------------------------------------------------------------------END of TP----------------------------------------------------------------------

TP 2:
----------------------------------------------Start of TP of NZP CSI-RS for 38.214----------------------------------------------------------

5.2.2.3.1	NZP CSI-RS
                                                                     ------omitted------

-	nzp-CSI-RS-ResourceId  determines CSI-RS resource configuration identity.
-	periodicityAndOffset defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. 
-	resourceMapping defines the number of ports, CDM-type, and OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
-	nrofPorts in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	density in CSI-RS-ResourceMapping defines CSI-RS frequency density of each CSI-RS port per PRB, and CSI-RS PRB offset in case of the density value of 1/2, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211]. For density 1/2, the odd/even PRB allocation indicated in density is with respect to the common resource block grid.
-	cdm-Type in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	freqBand in CSI-RS-ResourceMapping parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211], the reference point for the initial RB index is common resource block 0, and the minimum bandwidth is the minimum between 24 and  resource blocks. If the configured bandwidth is equal or larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size, otherwise, the bandwidth is the actually spanned bandwidth of a ZP CSI-RS resource. 
-	powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
-	powerControlOffsetSS: which is the assumed ratio of SS/PBCH block EPRE to NZP CSI-RS EPRE. 
-	scramblingID defines scrambling ID of CSI-RS with length of 10 bits.
-	bwp-Id in CSI-ResourceConfig defines which bandwidth part the configured CSI-RS is located in.
                                                                                  ------omitted------
-------------------------------------------------------------------END of TP----------------------------------------------------------------------


6. Conclusion
In this contribution we provide our views on details of the remaining issues on CSI-RS. The according proposals are made as follows: 
Proposal 1: The reference point for initial RB index is suggested as common resource block 0 .
[bookmark: _GoBack]Proposal 2: The actual bandwidth definition of a CSI-RS resource within a BWP need to be clarified in TS38.214.
Proposal 3: The value range and field description of the field nrofRBs in the IE CSI-FrequencyOccupation in TS38.331 is misaligned with RAN1 spec.  Proposal 1above is still recommended to solve this misalignment.
Proposal 4：Misalignment between ZP CSI-RS and NZP CSI-RS configuration description in TS38.214 need to be fixed.
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