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1 Introduction
The following are the agreements related to zero- power CSI-RS made in the MIMO session of RAN1 Ad-hoc#1801 [1]:
	Agreement:
· 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


Agreement:
Semi-persistent ZP CSI-RS is supported, and its activation/deactivation is informed by MAC CE.

Agreement:
· 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






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 set configuration(s) for rate matching with each resource set consisting of one or more CSI-RS resource configuration(s).
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 CSI-RS RMR indication, the following 4 dimensional indication are needed. 
· RE bitmap within a PRB
· Symbol bitmap within a slot
· RB level indication in the frequency domain
· Slot level indication in the time domain

The RB-level indication of ZP CSI-RS is almost the same as NZP CSI-RS, so here we only discuss about the RE-level indication method. For ZP CSI-RS, it has been agreed in [2] that the RE-level bitmaps indicated by the RRC signalling ZP-CSI-RS-ResourceMapping have the same values as NZP-CSI-RS-ResourceMapping, which may not be appropriate for ZP CSI-RS.
RE bitmap within a RB
NZP-CSI-RS-ResourceMapping defines 4 different bitmaps which bitwidths range from 3 to 12 bits indicating the subcarrier occupancy of the NZP CSI-RS resource within a slot [3].


-	,  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

The 3 types of the bitmaps can be concluded as the indications by a 12/Y bitmap for component RE pattern (Y, Z). 
Starting subcarrier:
           a) X = 1 port: no restriction  
           b) Y = 2: constrained to be one among even subcarriers in an RB
           c) Y = 4: constrained to be one among subcarriers 0, 4, 8 in an RB
The combinations of the RE mapping and the possible RE pattern occupancy in frequency domain are illustrated in Figure 1.




                 case a, 12-bit bitmap                                   case  b, 6-bit bitmap                                  case c, 3-bit bitmap
  Figure1. The freq-domain occupancy of cases a-c
We can see that the set bit (value=1) of the bitmap indicating the Y RE occupancy for each component CSI-RS pattern.
For case a, a 12-bit bitmap is used with only one bit can be set to “1” for X=1 port.

In addition, another bitmap pattern indicates the following case shown in Figure 2.
           d)  X=1 port, Density=3, which is indicated by a 12/D bitmap 


                                                  Figure2. The freq-domain occupancy of case d, 4-bit bitmap
In case d, the occupied RE locations does not follow the same rule as the previous indication method.  Here the parameter CSI-RS density D is also needed to know the frequency occupancy pattern of a NZP CSI-RS.

For NZP CSI-RS, this is appropriate because different ports need to be considered separately. For ZP CSI-RS, it has already decided not to introduce the RE pattern related parameters [2], which is under the consideration of the difference between ZP CSI-RS and NZP CSI-RS. So to ensure enough flexibility and support of forward compatibility, it is suggested to use a full one dimension of 12-bit bitmap with each bit set to “1” regarding to the occupied RE position. Thus all the other three settings of bitmaps are redundant which only cause more confusion and more UE complexity for ZP CSI-RS. 
Proposal 1: RE bitmap within a RB in the frequency domain can be defined as a one full dimension of 12-bit bitmap. 
Proposal 2:  Remove the current bitmap choices of 4bits, 3bits and 6bits for ZP CSI-RS.

Symbol bitmap within a slot

NZP-CSI-RS-ResourceMapping defines two integers indicating the starting positions of the CSI-RS component patterns in a slot  depending on whether the configured CSI-RS resource is mapped onto contiguous symbols or not [6].
For NZP CSI-RS, to obtain the symbol occupancy pattern within a slot, the duration from the offset symbol(s) can only be calculated with the acknowledgment of the the antenna port number and the CDM type, as shown with an example of NZP CSI-RS configured with X=24 FD-CDM2 in Fig3. For NZP CSI-RS, only uniformed component patterns are supported, so the duration from different starting symbol positions are the same.


                      Figure3. An example of the RE mapping pattern of NZP CSI-RS (X=24, FD-CDM2)
For ZP CSI-RS, we can see a duration indication method is missing, it is not possible to know the exact occupancy within a slot without the RE pattern related parameters which has been agreed not to be introduced [2]. So, two methods are suggested:
Indication Scheme 1:  For ZP CSI-RS, use a 14-bit bitmap to indicate the RMR in time domain. The joint indication with the 12-bit bitmap in frequency domain can provide the most flexibility to support any current and upcoming features for PDSCH rate matching scenarios. This joint indication scheme can also support multiple NZP CSI-RS resources mapping to one ZP CSI-RS resource for rate matching.


Indication Scheme 2: For ZP CSI-RS, adding another integer N to the higher layer signalling ZP-CSI-RS-ResourceMapping to explicitly indicate the duration of symbol(s) from the offset symbol location(s). Then the parameter ZP-CSI-RS-ResourceMapping is revised to sequence { ,  , N}, and the value of N  can be chosen from set {1, 2, 3, 4} considering the mapping occupancy scenarios of NZP CSI-RS and CSI-IM resources.







And a 2-bit integer would not aggravate the signaling overhead. If the value of the two locations  and are signaled to be the same, it shows only the first offset is valid, and the duration N only applies to  . If the two location values accord with   < ,  then the duration N should apply both to  and .  So the whole occupancy within a slot can be obtained accurately.
Proposal 3: The following two alternatives can be considered for the time domain indication of the occupancy within a slot:
· Alt-1:  RE bitmap within a RB in the time domain can be defined as a one full dimension of 14-bit bitmap.
· Alt-2:  Add an integer N to the higher layer signalling ZP-CSI-RS-ResourceMapping indicating the duration of symbols from the staring symbol locations.

2.3 Other issues of ZP CSI-RS 
There are still some issues needed to be clarified according to the current agreements on ZP CSI-RS for rate matching.
1) For periodic ZP CSI-RS, it does not stated in the current spec about how to handle. In LTE, PQI bits are used for the indication of periodic ZP CSI-RS for rate matching. In NR, it should be clarified whether PDSCH is always assumed to rate matched around the periodic ZP CSI-RS.

2) To our understanding, the parameter ZP-CSI-RS-ResourceSetConfigList is assumed to contain the configurations of all possible types of ZP CSI-RS resource sets, including the aperiodic sets, so the parameter Aperiodic-ZP-CSI-RS-Resource-List defined previously is redundant now and should be deleted.

3) Add a RRC parameter to define the resource configuration per ZP CSI-RS set.

	PDSCH
	38.214
	
	CSI-ResourceSet
	NEW
	ZP-CSI-RS-ResourceConfigList
	New
	ZP-CSI-RS-ResourceConfigList
	Contains up to ZP-CSI-RS-ResourcePerSetMax ZP-CSI-RS resource configurations 
	　
	NA
	UE specific
	38.331
	Contained in ZP-CSI-RS-ResourceSetConfig
	　
	



And the following agreements need to be modified accordingly as below:
· 
	PDSCH
	38.214
	
	　
	　
	ZP-CSI-RS-ResourceSetConfigList
	New
	ZP-CSI-RS-ResourceSetConfigList
	Resource set configuration for ZP CSI-RS
	　
	NA
	UE specific
	38.331
	Contains up to ZP-CSI-RS-ResourceSetMax resource set configurations. 
Up to 3 aperiodic ZP-CSI-RS resource sets per BWP 
[1] periodic ZP-CSI-RS resource set per BWP
[2] semi-persistent ZP-CSI-RS resource sets per BWP
	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



· Delete the following RRC parameter:
	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




4) And to align with the agreements in RAN1 Ad-hoc#1801, the following correction to TS38.212 is suggested.

-----------------------------------------------------Start of TP for 38.212----------------------------------------------------------------

[bookmark: _Toc500953349]7.3.1.2.2	Format 1_1
DCI format 1_1 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI:
-	Carrier indicator – 0 or 3 bits as defined in Subclause x.x of [5, TS38.213].
                                                                  ------omitted------

-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameter rate-match-PDSCH-resource-set.


-	ZP CSI-RS trigger – 0, 1, or 2 bits as defined in Subcluase x.x of [6, TS38.214]. The bitwidth for this field is determined as  bits, where  is the number of aperiodic ZP CSI-RS resource sets in the higher layer parameter [ZP-CSI-RS-ResourceSetConfigList].
-------omitted------
---------------------------------------------------------------------END of TP-------------------------------------------------------------

3 Discussion on CSI-RS sequence generation and mapping
The following working assumptions on CSI-RS sequence mapping were agreed in the RAN1 Ad-Hoc meeting #1[1]. 
	Working Assumption
Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
[image: ]


under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.




The current WA gives a method of how to map the sequence to REs for different CSI-RS densities. But it is also preferable to support the resource sharing between different CSI-RS densities. And the comb parameter which suggests the CSI-RS locations in different PRBs should also be taken into account.
The following modifications on the current WA are suggested as Scheme1.












   , except the case

if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 0, 

if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 1,  

With this modification, the sequence used for density D=1/2 is extracted from the sequence used for density D=1(for both port X=1 and X>1).So this can support the resource sharing possibility between CSI-RS resources configured with D=1 and D=1/2 with the same port number, but is not able for other cases.
Other cases include the resource sharing between different port number and different densities. For example, one CSI-RS resource is density D=3 with another CSI-RS resource which density is D=1. And one resource of port number X=2 and density D=1with another resource of port number X=1 and density D=1, etc. 
So we suggest RAN1 to reconsider the mapping method of a full-length of all-specific RE mapping sequence, which is suggested below as Scheme 2.Here are some small corrections to the detailed scheme suggested in the previous meeting in [6].




   , except 

if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 0, 

if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 1,  

With this scheme, each RE in a PRB is associated with a fixed sequence no matter what theCSI-RS port number or the CSI-RS density is. The sequences used for different CSI-RSs are all extracted from the same local sequence. And the sequence mapped to different ports can be different too. 
Two main benefits can be achieved from this simple mapping scheme. One is the support of all kinds of possible resource sharing. The other is lower PAPR in the downlink which may be severe in some cases, for example, CSI-RS resource configured with port number X=12 and CDM2.
Proposal 4: Considering the support of resource sharing, following two alternatives can be considered:
· Alt-1: Simple modifications on the current WA as Scheme 1is suggested as to support the limited useful cases of port sharing.
· Alt-2: A total solution as Scheme 2 is suggested as to solve the issues of both resource sharing and PAPR deterioration.

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 of 12-bit bitmap. 
Proposal 2:  Remove the current bitmap choices of 4bits, 3bits and 6bits for ZP CSI-RS.
Proposal 3: The following two alternatives can be considered for the time domain indication of the occupancy within a slot:
· Alt-1:  RE bitmap within a RB in the time domain can be defined as a one full dimension of 14-bit bitmap.
· Alt-2:  Add an integer N to the higher layer signalling ZP-CSI-RS-ResourceMapping indicating the duration of symbols from the staring symbol locations.
Proposal 4: Considering the support of resource sharing, following two alternatives can be considered:
· Alt-1: Simple modifications on the current WA as Scheme 1is suggested as to support the limited useful cases of port sharing.
· Alt-2: A total solution as Scheme 2 is suggested as to solve the issues of both resource sharing and PAPR deterioration.
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