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Introduction
[bookmark: _Ref178064866]In this contribution, we discuss some remaining issues related CSI measurements and provide text proposals for 38.214. 
Discussion
Clarification on aperiodic CSI report triggering

For aperiodic CSI reporting, the exact mapping between a codepoint in the CSI request field in DCI and an aperiodic CSI triggering state out of the up to  triggering states is missing in the latest 38.214 [1] and needs to be clarified.  

[bookmark: _Toc513792552]Mapping between codepoints in the CSI request field in DCI and aperiodic CSI trigger states are missing in 38.214.


One way would be to map the codepoints to the triggering states based on the order in the list of the triggering states. However, when the number of RRC configured triggering states is more than , a bitmap in a MAC CE is used to down select states from the RRC configured states, in which the order is less clear. An alternative way is to map according to the order of the aperiodic triggering state ID.  The proposed TP based on the alternative option is shown below:

-----Start of proposed TP1 for 38.214-------------------------------------
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
		---unchanged texts are ommitted-----

-	For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State’s for the aperiodic CSI-RS resources associated with the CSI triggering state. If a TCI- State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP.

-	A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the CSI triggering state ID in the up to   trigger states with codepoint ‘1’ mapped to the triggering state having the smallest triggering state ID. 
-----End of proposed TP1 ------

[bookmark: _Toc513792557]Adopt proposed TP1.
Clarification on triggering aperiodic ZP CSI-RS
For aperiodic ZP CSI-RS triggering, the exact mapping between a codepoint of the ZP CSI-RS triggering field in DCI and an aperiodic ZP CSI-RS resource set is incomplet in the current 38.214 [1]. 

[bookmark: _Toc513792553]Mapping between codepoints in the ZP CSI-RS trigger field in DCI and aperiodic ZP CSI-RS resource sets is incomplete in 38.214.
 It was determined in 38.331 that the range of aperiodic ZP CSI-RS resource set ID will be from 1 to 3 and an aperiodic ZP CSI-RS resource set is triggered by indicating the aperiodic ZP CSI-RS resource set ID in the DCI codepoint.  This should be reflected in 38.214. The proposed TP is shown below:

------Start of proposed TP2 for 38.214 -----------------------------------
[bookmark: _Toc501048170][bookmark: _Hlk510706557]5.1.4.2	PDSCH resource mapping with RE level granularity
[bookmark: _Hlk510705984]---unchanged texts are ommitted-----

[bookmark: _Hlk512443092]The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config , is configured for aperiodic triggering. The maximum number of aperiodic ZP-CSI-RS-ResourceSet(s) configured per BWP is 3. The bit-length of DCI field ZP CSI-RS trigger depends on the number of aperiodic ZP-CSI-RS-ResourceSet(s) configured (up to 2 bits).   Each triggering state none-zero codepoint of ZP CSI-RS trigger in DCI is to triggers one aperiodic ZP-CSI-RS-ResourceSet in the list aperiodic-ZP-CSI-RS-ResourceSetsToAddModList by indicating the aperiodic ZP CSI-RS resource set ID. The DCI codepoint '01' triggers the resource set with ZP-CSI-RS-ResourceSetIds =1, the DCI codepoint '10' triggers the resource set with ZP-CSI-RS-ResourceSetIds=2, and the DCI codepoint '11' triggers the resource set with ZP-CSI-RS-ResourceSetIds=3. The first state Codepoint ‘0’ is reserved for not triggering aperiodic ZP CSI-RS. 
------End of proposed TP2------------------------------------------------------------

[bookmark: _Toc513792558]Adopt proposed TP2.
Clarification of Interference measurements 
The currently captured UE assumptions for interference measurement in 38.214 below is a bit vague with regards to what a UE shall assume for interference measurement with configured CSI-RS resources. 
[bookmark: _Hlk500778603]For CSI measurement(s), a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement, take into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI -RS resource for channel measurement, non-zero power CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement
The last bullet implies there are other interference signals present in NZP CSI-RS resource for channel measurement, NZP CSI-RS for interference measurement and in CSI-IM resource, but how these interferences are related and how they should be accounted for are unclear.  For example, if the interference on NZP CSI-RS resource for channel measurement comes from the same interference source as the interference on the CSI-IM resource, then the measured interferences over the two resources should be averaged for CQI calculation. On the other hand, if they are from different interference sources, then the measured interferences should be accumulated.  It is possible that different UE implementations interpret the assumptions differently and thus it would be difficult for gNB to reliably apply the reported CQI as the gNB and UE may have different understanding on the interference measurement assumptions.  
[bookmark: _Toc503379444][bookmark: _Toc503388320][bookmark: _Toc503553775][bookmark: _Toc506196982][bookmark: _Toc506214914][bookmark: _Toc506402952][bookmark: _Toc506465918][bookmark: _Toc506466703][bookmark: _Toc506478756][bookmark: _Toc506487960][bookmark: _Toc506501514][bookmark: _Toc506554505][bookmark: _Toc506555924][bookmark: _Toc506556091][bookmark: _Toc506556238][bookmark: _Toc513792554]Current specification text makes UE interference measurement behavior ambiguous. 
While it was agreed in RAN1#92 to leave exact UE interference estimation up to UE implementation, we think that at least there is consensus to clarify that the UE shall perform accumulation of the interference estimated from the different CSI-IM and NZP CSI-RS resources. In fact, this formulation is included in the relevant agreement and should thus be non-controversial to add in 38.214. 
[bookmark: _Toc513792559]Adopt proposed TP3.
---------------------------------Start of proposed TP3 for 38.214 -------------------------------------------------------
[bookmark: _Toc501048184]5.2.1.4.1	Resource Setting configuration
---unchanged texts are ommitted-----

For CSI measurement(s), a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
A UE shall perform accumulation of interference estimated on the following 
-	all interference transmission layers on NZP CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI -RS resource for interference measurement, CSI-IM resource for interference measurement. 
---------------------------------------------End of proposed TP 3 -------------------------------------------------------
Clarification on port indication for non-PMI feedback 
In the current 38.214 on port indication for non-PMI CSI feedback, it states that the ordering of port indication is first in the order of layers and then in the order of NZP CSI-RS resources based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting.  This is inconsistent with the current RRC specification in 38.331.  The NZP CSI-RS resources should be based on the order of the NZP CSI-RS resources in the associated NZP CSI-RS resource set, i.e. the first port indication is for the NZP CSI-RS resource in the first entry of the corresponding NZP CSI-RS resource set.
[bookmark: _Toc513668256][bookmark: _Toc513792555]Some clarification is needed for the ordering of port indications in 38.214.
The proposed TP with above correction is give below:
-----------Start of proposed TP4 for 38.214---------
[bookmark: _Toc501048185]5.2.1.4.2	Report Quantity Configurations
----Unchanged text is omitted -----
[bookmark: _Hlk508705274][bookmark: _Hlk508614673]If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to cri-RI-CQI: 




-	the UE is configured with higher layer parameter non-PMI-PortIndication contained in a CSI-ReportConfig, where r ports are indicated in the order of layer ordering for rank r non-PMI-PortIndication contains a sequence of port indications for each rank and each port indication CSI-RS resource in the CSI resource setting is linked to the CSI-ReportConfig a NZP CSI-RS resource  based on the order of the associated NZP-CSI-RS-ResourceId NZP CSI-RS resource in the selected  NZP CSI-RS resource set  in the linked CSI resource setting contained in the CSI-ReportConfig for channel measurement given by higher layer parameter resourcesForChannelMeasurement.  The higher layer parameter -PMI-PortIndication  Each port indication is configured by a higher layer parameter PortIndexFor8Ranks, which contains a sequence  of port indices, where  are the CSI-RS port indices associated with rank ν and  where is the number of ports in the CSI-RS resource.
-	When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS resource. The precoder for the indicated ports shall be assumed to be the identity matrix.
---------END of proposed TP4--------------
[bookmark: _Toc513668260][bookmark: _Toc513710803][bookmark: _Toc513792560]Adopt proposed TP4.
Number of NZP CSI-RS resource sets as IMR
In [2], it proposes to limit to only one NZP CSI-RS resource for interference measurement. The use case of NZP CSI-RS for interference measurement is mainly for intra-cell MU interference measurement, in which a UE is configured with one NZP CSI-RS resource for channel measurement and one or more NZP CSI-RS resources for interference measurement.  The NZP CSI-RS resources as IMR are used to emulate interferences from co-scheduled UEs in MU-MIMO scheduling.  Since more than two UEs can be co-scheduled in MU-MIMO transmission, more than one NZP CSI-RS resource is needed for MU-MIMO interference measurement. For example, if three UEs are co-scheduled for MU_MIMO transmission, then each UE would be configured with two NZP CSI-RS resources, each corresponding to one of the other two co-scheduled UEs, for MU interference measurement.  Limiting one NZP CSI-RS resource as IMR would limit the CSI feedback to the case where only two UEs can be scheduled for MU-MIMO, which is clearly not desired.  Therefore, such a restriction is not necessary.
[bookmark: _Toc513792556]Limiting one NZP CSI-RS resource as IMR would restrict CSI feedback to MU-MIMO with only two UEs. Such a restriction is clearly not desirable.
[bookmark: _Toc513792561]For NZP CSI-RS based IM, do not add a restriction to limit the number of NZP CSI-RS resources in the set to one
Conclusions
In this contribution, we made the following observations:
Observation 1	Mapping between codepoints in the CSI request field in DCI and aperiodic CSI trigger states are missing in 38.214.
Observation 2	Mapping between codepoints in the ZP CSI-RS trigger field in DCI and aperiodic ZP CSI-RS resource sets is incomplete in 38.214.
Observation 3	Current specification text makes UE interference measurement behavior ambiguous.
Observation 4	Some clarification is needed for the ordering of port indications in 38.214.
Observation 5	Limiting one NZP CSI-RS resource as IMR would restrict CSI feedback to MU-MIMO with only two UEs. Such a restriction is clearly not desirable.

[bookmark: _In-sequence_SDU_delivery]Based on the observations and discussions, we make the following proposals: 
Proposal 1	Adopt proposed TP1.
Proposal 2	Adopt proposed TP2.
Proposal 3	Adopt proposed TP3.
Proposal 4	Adopt proposed TP4.
Proposal 5	For NZP CSI-RS based IM, do not add a restriction to limit the number of NZP CSI-RS resources in the set to one
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