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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 and RAN1#92 meeting.  Many ambiguous and controversial descriptions had been clarified after RAN1 AH1801. However, there are still some remaining details need to be refined or updated in the current specification [1][2]. We provide our proposals on CSI-RS in this contribution.
Discussion
[bookmark: _Hlk503442428]Section 7.4.1.5.3 in 38.211





In current 38.211,  the description  for frequency-domain location is not clear enough since  and  should correspond to the index of bit with value equaling to 1 in the bitmap. In addition, the definition of  seems redundant because .
TP1: The corresponding TP is for 38.211  section 7.4.1.5.3 as follows
	



The frequency-domain location is given by a bitmap provided by the higher-layer parameter CSI-RS-ResourceMapping where  in Table 7.4.1.5.2-1 corresponds to the bit number of the  set bit with value equal to 1 in the bitmap, starting from , with the bitmap and value of  in Table 7.4.1.5.2-1 given by


-	,  for row 1 of Table 7.4.1.5.2-1


-	,  for row 2 of Table 7.4.1.5.2-1


-	,  for row 4 of Table 7.4.1.5.2-1


-	,  for all other cases




where  is the bit number of the  set bit in the bitmap, the frequency-domain location is repeated across every  of the resource blocks configured for CSI-RS reception by the UE when . The starting position and number of the resource blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameter CSI-RS-FreqBand and CSI-RS-Density for the bandwidth part given by the higher-layer parameter BWP-Info.


Section 5.1.6.1.2 in 38.214
In the current spec, the description of repetition in CSI-RS resource set for L1-RSRP computation (i.e. for BM) is different from the description for repetition for tracking. The repetition for tracking is described by the same antenna port but the repetition for BM is described by the same downlink spatial transmission filter.  There are two issues as described below:
· The first issue is the specification should describe what UE is expected to observe from the repeated resource.  It should not mandate the gNB behavior on how it achieves the repetition.   
· If the description for BM and tracking is different, it implies that the meanings of these two repetition schemes are also different. This may imply that the repetition for BM has different requirement on repetition.  With the current description, it is unclear whether it is tighter requirement or less tight. If it is less tight, it is not desirable for the UE to perform beam sweeping if the channel observed from different repeated resources can be different.  The comparison would not be fair.  
Regarding whether to use the same periodicity and number of CSI-RS ports for L1-RSRP computation, it’s unclear in the current description whether UE may assume the CSI-RS resources within the resource set are transmitted  with same periodicity in CSI-RS-timeConfig and NrofPorts in every symbol if CSI-RS-ResourceRep is set to‘OFF’. In our view, it is better to configure the same number of CSI-RS ports and periodicity for beam management. This is useful to get fair RSRP comparison and reduce UE complexity. So the description on the same periodicity and number of ports should be applied to both ‘ON’ and ‘OFF’ cases.
TP 2: The corresponding TP is for 38.214  section 5.1.6.1.2 as follows
	The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set.
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to ‘ON’, the UE may shall assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same.  the CSI-RS resources, described in section 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. If the CSI-RS-ResourceRep is set to ‘OFF’, the UE may not assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is samethe CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with same NrofPorts in every symbol.


The corresponding changes for the section 5.2.2.3.1 of 38.214 are also added in the TP3 in this tdoc.
Section 5.2.2.3.1 in 38.214
In 38.214 section 5.2.2.3.1, there are some minor issues. CSI-RS-Density parameter should be port level. QCL-InfoPeriodicCSI-RS parameter should be clarified. Based on these issues, we provide our TP as following.
TP3: The corresponding TP is for 38.214  section 5.2.2.3.1 as follows
	The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameter NZP-CSI-RS-ResourceSetConfig Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given inSubclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-timeConfig defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. 
-	CSI-RS-ResourceMapping defines the 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].
-	CSI-RS-Density defines CSI-RS frequency density of each CSI-RS port per PRB, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	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].
-	Pc: which is the assumed ratio of PDSCH EPRE to NZPCSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size,
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to NZPCSI-RS EPRE. 
-	ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits
-	CC_Info defines which component carrier the configured CSI-RS is located in.
[bookmark: _Hlk498332433][bookmark: _Hlk497931989]-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether a resource repetition in conjunction with spatial domain transmission filter within the resource set is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2.
-	QCL-InfoPeriodicCSI-RS defines a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL reference signals in the RS set and QCL type for periodic CSI-RS as described in Subclause 5.1.5. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be either an SS/PBCH block or another periodic CSI-RS located in same or different CC/BWP.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same PRBs, if the CSI-RS and SS/PBCH block are spatial quasi co-located and the higher layer parameter NrofPorts is configured as 1 or 2.


Section 5.1.4.2 in 38.214
In RAN1 AH1801[3], some agreements were achieved about ZP CSI-RS as follows
Agreements#1:
· Indication mechanism of aperiodic ZP CSI-RS is RRC + DCI
· Each triggering state of “ZP CSI-RS trigger” in DCI is to trigger one ZP CSI-RS resource set
· A state is reserved for not triggering aperiodic ZP CSI-RS
· All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic or aperiodic)
· The bit-length of DCI field “ZP CSI-RS trigger” depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits)
· The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3
Agreements#2:
· Add the following RRC parameters for ZP CSI-RS 
	PDSCH
	38.214
	
	　
	　
	ZP-CSI-RS-ResourceSetConfigList
	New
	ZP-CSI-RS-ResourceSetConfigList
	Resource set configuration for ZP CSI-RS
	　
	NA
	UE specific
	38.331
	
	Y

	PDSCH
	38.214
	
	
	
	ZP-CSI-RS-ResourceSetConfigId
	New
	ZP-CSI-RS-ResourceSetConfigId
	ZP CSI-RS Resource set configuration ID
	0 .. ZP-CSI-RS-ResourceSetMax-1
	NA
	UE specific
	38.331
	Contained in ZP-CSI-RS-ResourceSetConfig
	Y



· Update the RRC parameter Aperiodic-ZP-CSI-RS-Resource-List as follows
	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource set IDs for aperiodic triggering
	Up to 3 ZP-CSI-RS resource set IDs per BWP



But these agreement haven’t been captured in the specification.  In addition, we have to decide the maximum number of ZP-CSI-RS resources in a resource set.  It was proposed to have at most 64 ZP-CSI-RS resources in a set in [4].   
TP4: The corresponding TP for 38.214  section 5.1.4.2 is provided as follows:
	-	within a BWP, the UE can be configured with one or more zero-power CSI-RS resource set configuration(s)  (higher layer parameter ZP-CSI-RS-ResourceSetConfigList) , with each ZP CSI-RS resource set consisting of at most [64] ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-ResourceConfig) , in numerology of the BWP, according to the higher layer parameter ZP-CSI-RS-ResourceConfig. The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
-	ZP-CSI-RS-ResourceConfigId determines zero-power CSI-RS resource configuration identity.
-	ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	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].
-	ZP-CSI-RS-ResourceMapping 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]. 
-	ZP-CSI-RS-timeConfig defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 
-	ZP-CSI-RS-ResourceConfigType defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause [TBD] of [4, TS 38.211].
The ZP-CSI-RS configuration can be periodic, semi-persistent or aperiodic. All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic, semi-persistent or aperiodic).
The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CSI-RS resource set IDs, provided by higher layer parameter Aperiodic-ZP-CSI-RS-Resource-List, is configured for aperiodic triggering. The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3. The bit-length of DCI field “ZP CSI-RS trigger” depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits). Each triggering state of “ZP CSI-RS trigger” in DCI is to trigger one ZP CSI-RS resource set. The first state is reserved for not triggering aperiodic ZP CSI-RS.
A list of ZP-CSI-RS resource set IDs, provided by higher layer parameter SP-ZP-CSI-RS-Resource-List, is configured for activation of semi-persistent ZP-CSI-RS.  For a UE configured with the higher-layer parameter ZP-CSI-RS-ResourceType set to ‘semi-persistent’:
-	when a UE receives an activation command [10, TS 38.321] for ZP CSI-RS resource(s) in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mapping corresponding to the activated ZP CSI-RS resource(s) shall be applied no later than the minimum requirement defined in [11, TS 38.133].
-	when a UE receives an deactivation command [10, TS 38.321] for activated ZP CSI-RS resource(s) in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE mapping corresponding to the de-activated ZP CSI-RS resource(s) shall be applied no later than the minimum requirement defined in [11, TS 38.133].


Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: _GoBack]In this contribution, we provide some TPs on CSI-RS related issues to the current NR specifications. 
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