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Introduction
In RAN1 AdHoc 1801, the following agreements were made on CSI-IM and ZP CSI-RS resources [1]:
Agreement: 
CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources.
Note that the above agreement has no additional specification impact
Agreement:
For the details of CSI-IM periodicity, the candidate values of periodicity and slot offset of CSI-IM are the same as those of NZP CSI-RS
· [bookmark: _GoBack]The above agreement applies for both periodic and semi-persistent CSI-IM
Agreement:
Semi-persistent ZP CSI-RS is supported, and its activation/deactivation is informed by MAC CE.

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

In this contribution, we discuss some remaining issues on CSI measurements.
[bookmark: _Ref178064866]Discussion
Clarifications related to CSI-IM 
Clarification on zero transmission power assumption on CSI-IM
In RAN1 AdHoc 1801, it was agreed that “CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources”.  However, the text below in 38.214 [2] states that “the UE shall assume zero transmission power” for the CSI-IM resource, which contradicts to the agreement. 
[bookmark: _Toc501048199]5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) 
The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer parameter CSI-IM-ResourceSetConfig. Each CSI-IM resource set consists of K≥1 CSI-IM resource(s). 
[bookmark: _Hlk498639079]The following parameters for which the UE shall assume zero transmission power are configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
-	CSI-IM-ResourceId determines CSI-IM resource configuration identity
-	CSI-IM-ResourceMapping defines subcarrier and symbol occupancy of the CSI-IM resource within a slot. 
-	CSI-IM-RE-Pattern is configured by csi-IM-ResourceElementPattern as given in Subclause 7.4.1.5.3 of [4, TS 38.211].
-	CSI-IM-timeConfig defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM.
-	CSI-IM-FreqBand includes parameters to enable configuration of frequency-occupancy of CSI-IM.
[bookmark: _Toc506196980][bookmark: _Toc506214911][bookmark: _Toc506402946][bookmark: _Toc506465911][bookmark: _Toc506466696][bookmark: _Toc506478749][bookmark: _Toc506487954][bookmark: _Toc506501508][bookmark: _Toc506554499][bookmark: _Toc506555918][bookmark: _Toc506556085][bookmark: _Toc506556232]The statement of zero-transmission power assumption for CSI-IM in 38.214 on CSI-IM contradicts with the agreement reached in RAN1 AdHoc1801.
[bookmark: _Toc506196984][bookmark: _Toc506197031][bookmark: _Toc506210478][bookmark: _Toc506211701][bookmark: _Toc506214919][bookmark: _Toc506402953][bookmark: _Toc506465919][bookmark: _Toc506478757][bookmark: _Toc506466725][bookmark: _Toc506467098][bookmark: _Toc506467817][bookmark: _Toc506487961][bookmark: _Toc506501515][bookmark: _Toc506554517][bookmark: _Toc506555925][bookmark: _Toc506556092][bookmark: _Toc506556239][bookmark: _Toc506556942]Remove the text on zero transmission power for CSI-IM in 38.214 and adopt TP1.
[bookmark: _Toc506196985]--------------------------------Start of proposed TP1 for 38.214 -------------------------------------------------------------- 
5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) 
The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer parameter CSI-IM-ResourceSetConfig. Each CSI-IM resource set consists of K≥1 CSI-IM resource(s). 
The following parameters for which the UE shall assume zero transmission power are configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
----------------------------------------End of proposed TP1 -------------------------------------------------------------------
Joint activation of aperiodic/semi-persistent CSI-IM and ZP CSI-RS
In RAN1#91AH, the issue of rate matching around CSI-IM was discussed and it was agreed that CSI-IM REs are not rate matched around unless overlapped by a ZP CSI-RS resource, similar to LTE mechanism. However, NR introduces two new time-domain behaviours for CSI-IM and ZP CSI-RS, aperiodic and semi-persistent.  
When aperiodic CSI-IM is used, the presence of aperiodic CSI-IM (as well as NZP CSI-RS) is indicated by the CSI request field in the UL-related DCI. If the UE is also scheduled with a PDSCH in the same slot as the aperiodic CSI-IM, rate matching around the aperiodic CSI-IM would be indicated using the aperiodic ZP CSI-RS trigger field in the DL-related DCI. 
However, the aperiodic ZP CSI-RS trigger field is also used to indicate rate matching around other UEs aperiodic NZP CSI-RS and CSI-IM resources if they occur in the same slot. Since only one set of ZP CSI-RS can be indicated in the DL-related DCI, rate matching around other UEs NZP CSI-RS would require that both all possible aperiodic CSI-IM resource locations as well as the NZP CSI-RS location of another UE are included in the same set. This would severely over-allocate ZP CSI-RS resources leading to increased overhead and reduced PDSCH performance. The other option is to only transmit UE-specifically beamformed aperiodic NZP CSI-RS to one UE at the time, which limits scheduling flexibility.

[bookmark: _Toc503358182][bookmark: _Toc503358650][bookmark: _Toc503553978][bookmark: _Toc506196981][bookmark: _Toc506214912][bookmark: _Toc506402947][bookmark: _Toc506465912][bookmark: _Toc506466697][bookmark: _Toc506478750][bookmark: _Toc506487955][bookmark: _Toc506501509][bookmark: _Toc506554500][bookmark: _Toc506555919][bookmark: _Toc506556086][bookmark: _Toc506556233]An aperiodic ZP CSI-RS resource is needed to rate match around a UE’s aperiodic CSI-IM.  Since the same ZP CSI-RS field in DCI is also used to indicate rate matching around other UEs NZP CSI-RS, triggering CSI reporting for more than one UE in a slot requires overallocation of ZP CSI-RS resources leading to increased overhead and reduced PDSCH performance
This limits the scheduling flexibility and also the usefulness of the aperiodic CSI-RS / CSI-IM feature. It would be more efficient if rate matching around aperiodic CSI-IM resources could also be indicated by the CSI request field in UL-related DCI, as this would allow the ZP CSI-RS trigger field to indicate rate matching around aperiodic NZP CSI-RS of other UEs, which was the original intention. Note that rate matching information for PDSCH *is already conveyed* by the UL-related DCI, as the triggered aperiodic CSI-RS shall be rate matched around by PDSCH. 
[bookmark: _Toc506402948][bookmark: _Toc506465913][bookmark: _Toc506466698][bookmark: _Toc506478751][bookmark: _Toc506487956][bookmark: _Toc506501510][bookmark: _Toc506554501][bookmark: _Toc506555920][bookmark: _Toc506556087][bookmark: _Toc506556234]Since rate matching of PDSCH around aperiodic NZP CSI-RS is already conveyed by the UL-related DCI, it would be natural if rate matching around the simultaneously triggered aperiodic CSI-IM would be indicated by the same UL-related DCI.
In the last meeting, it was agreed to introduce SP ZP CSI-RS, also activated by a MAC CE [3]. The motivation was both to be able to rate match around other UEs/cells SP NZP CSI-RS as well as the UE’s own SP CSI-IM. It was agreed previously that when semi-persistent CSI-IM is used, it is activated/deactivated with a MAC CE message which also activates a SP NZP CSI-RS.  Thus, to active a typical SP CSI reporting on PUCCH 3 MAC CE messages would be needed:
1. One MAC CE message to activate the SP CSI-RS and SP CSI-IM
2. One MAC CE message to activate the SP ZP CSI-RS covering the SP CSI-IM
3. One MAC CE message to activate the SP CSI report
[bookmark: _Toc506402949][bookmark: _Toc506465914][bookmark: _Toc506466699][bookmark: _Toc506478752][bookmark: _Toc506487957][bookmark: _Toc506501511][bookmark: _Toc506554502][bookmark: _Toc506555921][bookmark: _Toc506556088][bookmark: _Toc506556235]In current version of the spec, 3 MAC CE messages are required to active SP CSI reporting on PUCCH, when SP CSI-RS / CSI-IM is used and the CSI-IM is rate matched around by PDSCH.
In our view, at least SP CSI-IM and the SP ZP CSI-RS resource indicating rate matching around the SP CSI-IM should be activated with the same MAC CE.
The above issues on aperiodic and semi-persistent ZP CSI-RS activation/deactivation for the purpose of rate matching around a corresponding CSI-IM resource can be resolved by optionally associating each (aperiodic and semi-persistent) CSI-IM resource with a ZP CSI-RS resource in RRC. This way, the activation/deactivation/triggering of the CSI-IM resource also activates/deactivates/triggers the associated ZP CSI-RS resource for the purpose of rate matching.
[bookmark: _Toc506402954][bookmark: _Toc506465920][bookmark: _Toc506466726][bookmark: _Toc506467099][bookmark: _Toc506467818][bookmark: _Toc506478758][bookmark: _Toc506487962][bookmark: _Toc506501516][bookmark: _Toc506554518][bookmark: _Toc506555926][bookmark: _Toc506556093][bookmark: _Toc506556240][bookmark: _Toc506556943]Support optionally associating each CSI-IM resource with a ZP CSI-RS resource for rate-matching in RRC for the purpose of joint activation/deactivation/triggering. If the optional association is configured, the ZP CSI-RS resource is activated/deactivated/triggered jointly with the CSI-IM resource, following the activation/deactivation/triggering mechanism for CSI-IM.
[bookmark: _Toc506465921]Further details are discussed in a companion paper [4].
Single or multiple CSI-IM resource for interference measurement
According to current agreement, the UE performs interference measurements on a set of CSI-IM resources, where the set may contain more than one CSI-IM resource. However, the feasibility of using more than one CSI-IM resource for a single NZP CSI-RS channel measurement resource is not clear since it may lead to double counting of interference if the interference estimates on the CSI-IMs are accumulated. As an example, assume that two CSI-IM resources are configured to the UE. On CSI-IM A, the gNB emulates interference corresponding to MU-MIMO UE A while on CSI-IM B the gNB emulates interference corresponding to MU-MIMO UE B. The received powers and on the respective CSI-IMs would then be:


where  is the interference component corresponding to MU-MIMO UE A,  is the interference component corresponding to MU-MIMO UE B and  is the inter-cell interference component including noise. Thus, accumulating the interference estimates from the two CSI-IMs leads to double counting of the inter-cell interference: . Such a double-counting of interference is avoided if NZP CSI-RS IMR is used, since the inter-cell interference component is supressed by channel filtering on the NZP CSI-RS. Thus, accumulating interference from multiple CSI-IMs does not provide any benefit and should not be supported.
[bookmark: _Toc506402950][bookmark: _Toc506465915][bookmark: _Toc506466700][bookmark: _Toc506478753][bookmark: _Toc506487958][bookmark: _Toc506501512][bookmark: _Toc506554503][bookmark: _Toc506555922][bookmark: _Toc506556089][bookmark: _Toc506556236]Accumulating interference estimates from multiple CSI-IM leads to double counting of inter-cell interference and should be avoided.
The only use case of using multiple CSI-IM resources per resource set is when multiple NZP CSI-RS resources for channel measurement are also configured for “Class B” type of operation, in which each NZP CSI-RS resource is associated with a CSI-IM in a one-to-one mapping fashion. Figure 1 shows an example of associating a NZP CSI-RS resource set for channel measurement and a CSI-IM resource set, where (a) are valid configurations while (b) is an invalid configuration. 

[bookmark: _Ref506214767]Figure 1: Association between a NZP CSI-RS resource set with a CSI-IM resource set: (a) valid configurations; (b) invalid configuration.
[bookmark: _Toc506214913][bookmark: _Toc506402951][bookmark: _Toc506465916][bookmark: _Toc506466701][bookmark: _Toc506478754][bookmark: _Toc506487959][bookmark: _Toc506501513][bookmark: _Toc506554504][bookmark: _Toc506555923][bookmark: _Toc506556090][bookmark: _Toc506556237]The use case of more than one CSI-IM resource per CSI resource set is only useful in “Class B” type of operation where each NZP CSI-RS for channel measurement is associated with a CSI-IM resource.
[bookmark: _Toc503379447][bookmark: _Toc503553778][bookmark: _Toc506196990][bookmark: _Toc506197036][bookmark: _Toc506210483][bookmark: _Toc506211706][bookmark: _Toc506214924][bookmark: _Toc506402955][bookmark: _Toc506465922][bookmark: _Toc506466727][bookmark: _Toc506467100][bookmark: _Toc506467819][bookmark: _Toc506478759][bookmark: _Toc506487963][bookmark: _Toc506501517][bookmark: _Toc506554519][bookmark: _Toc506555927][bookmark: _Toc506556094][bookmark: _Toc506556241][bookmark: _Toc506556944]Only a single CSI-IM resource is associated with a NZP CSI-RS resource for channel measurement in CQI calculation. It is proposed that TP2 be adopted.
--------------------Start of proposed TP2 for 38.214----------------------------------------------------------------------------
5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) 
The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer parameter CSI-IM-ResourceSetConfig. Each CSI-IM resource set consists of K≥1 CSI-IM resource(s) and can only be associated with a NZP CSI-RS resource set having K NZP CSI-RS resources for channel measurement, where the kth CSI-IM resource in a CSI-IM resource set is associated with the kth NZP CSI-RS resource in an associated NZP CSI-RS resource set.
--------------------End of proposed TP2 ------------------------------------------------------------------------------
[bookmark: _Ref506383387]Joint activation of SP CSI reporting on PUCCH and SP CSI-RS
As discussed in section 2.1, the current specification requires three separate MAC CE messages to be transmitted in order to activate a SP-CSI report on PUCCH based on SP CSI-RS/CSI-IM. This is quite wasteful in terms of resource usage. Furthermore, it introduces additional error cases in case some of the MAC CEs got lost. One way to simplify the signaling is to activate/deactivate SP CSI and the corresponding SP CSI-RS/CSI-IM together at the same time in a single message. This would avoid the error cases due to multiple activation/deactivation messages and potentially also reduce the signaling overhead. Therefore, we have the following proposal.
[bookmark: _Toc506554520][bookmark: _Toc506555928][bookmark: _Toc506556095][bookmark: _Toc506556242][bookmark: _Toc506556945]When activating/deactivating SP CSI report on PUCCH based on SP CSI-RS/CSI-IM, the SP CSI-RS/CSI-IM is also activated/deactivated at the same time by the same activation/deactivation message.

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]Current specification text makes UE interference measurement behavior ambiguous. 
One of the reasons for the introduction of CSI-IM in LTE in TM10 was to remove the ambiguity with CRS based interference measurement.  The assumptions captured in the current NR specification re-introduces the ambiguity in LTE and steps backwards in our opinion. We therefore propose to clarify the UE behaviour so that no ambiguities remain and the gNB and UE can have the same interpretation of the CSI hypothesis. 
[bookmark: _Toc503379445][bookmark: _Toc503553776][bookmark: _Toc506196991][bookmark: _Toc506197037][bookmark: _Toc506210484][bookmark: _Toc506211708][bookmark: _Toc506214926][bookmark: _Toc506402956][bookmark: _Toc506465924][bookmark: _Toc506466729][bookmark: _Toc506467102][bookmark: _Toc506467821][bookmark: _Toc506478761][bookmark: _Toc506487964][bookmark: _Toc506501518][bookmark: _Toc506554521][bookmark: _Toc506555929][bookmark: _Toc506556096][bookmark: _Toc506556243][bookmark: _Toc506556946]Explicitly state in the spec how UE shall account for other interference signals on NZP CSI-RS IMR
Since it is not possible to link a CSI report with only one CMR without at least one IMR for CSI acquisition, there is no need for the UE to assume anything regarding other interference signal on CMR. Hence, this assumption can be removed. It is also cleaner from a spec perspective to keep CMR and IMR separate.
[bookmark: _Toc503379446][bookmark: _Toc503553777][bookmark: _Toc506196992][bookmark: _Toc506197038][bookmark: _Toc506210485][bookmark: _Toc506211709][bookmark: _Toc506214927][bookmark: _Toc506402957][bookmark: _Toc506465925][bookmark: _Toc506466730][bookmark: _Toc506467103][bookmark: _Toc506467822][bookmark: _Toc506478762][bookmark: _Toc506487965][bookmark: _Toc506501519][bookmark: _Toc506554522][bookmark: _Toc506555930][bookmark: _Toc506556097][bookmark: _Toc506556244][bookmark: _Toc506556947]UE shall not derive interference measurement from CMR.
The motivation for defining a UE assumption that it may assume other interference signal is present on NZP CSI-RS IMR was that if the received NZP CSI-RS lies below the noise floor (i.e. is drowned by inter-cell interference) coherent channel estimation may not be possible and in that case an incoherent power contribution of the NZP IMR can be calculated instead by subtracting the inter-cell interference power estimated from the CSI-IM from the incoherent power estimate of the NZP. However, this behaviour could be stated more directly in the spec so that there is no misunderstanding.
[bookmark: _Toc506196993][bookmark: _Toc506197039][bookmark: _Toc506210486][bookmark: _Toc506211710][bookmark: _Toc506214928][bookmark: _Toc506402958][bookmark: _Toc506465926][bookmark: _Toc506466731][bookmark: _Toc506467104][bookmark: _Toc506467823][bookmark: _Toc506478763][bookmark: _Toc506487966][bookmark: _Toc506501520][bookmark: _Toc506554523][bookmark: _Toc506555931][bookmark: _Toc506556098][bookmark: _Toc506556245][bookmark: _Toc506556948]UE shall assume the other interference on REs of NZP CSI-RS resource for interference measurement comes from the same source as on REs of CSI-IM. It is proposed that TP3 be adopted.
---------------------------------Start of proposed TP3 for 38.214 -------------------------------------------------------
[bookmark: _Toc501048184]5.2.1.4.1	Resource Setting configuration
Each trigger state configured using the higher layer parameter ReportTrigger is associated one or multiple ReportConfig where each ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.
-	When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on NZP CSI-RS.
-	When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for NZP CSI-RS based interference measurement.
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 channel measurement, non-zero power NZP CSI -RS resource for interference measurement,  or CSI-IM resource for interference measurement. The UE shall assume that other interference signal on REs of NZP CSI-RS for interference measurement and CSI-IM resource comes from the same interference source.
---------------------------------------------End of proposed TP3 -------------------------------------------------------
Aperiodic triggering offset for NZP CSI-RS resource sets
For beam management, it was agreed that the time offset (X) between a DCI carrying an aperiodic measurement request and the transmission of the corresponding CSI-RS is configurable and can be either zero or one slot.  
For CSI reporting, only offset of zero was agreed.  This restriction is somewhat artificial, there is no technical reason to not support non-zero offset values for CSI reporting. Since CSI and beam management use the same framework, in our view the same offset values for beam management should also be supported for CSI reporting.
[bookmark: _Toc503553123][bookmark: _Toc506196994][bookmark: _Toc506197040][bookmark: _Toc506210487][bookmark: _Toc506211711][bookmark: _Toc506214929][bookmark: _Toc506402959][bookmark: _Toc506465927][bookmark: _Toc506466732][bookmark: _Toc506467105][bookmark: _Toc506467824][bookmark: _Toc506478764][bookmark: _Toc506487967][bookmark: _Toc506501521][bookmark: _Toc506554524][bookmark: _Toc506555932][bookmark: _Toc506556099][bookmark: _Toc506556246][bookmark: _Toc506556949]Non-zero value aperiodic triggering offset (X) are applicable for both CSI reporting and beam management and should be supported.
Port index signalling for non-PMI CSI feedback
In the current specification below in 38.214, the port indication for non-PMI CSI feedback is unclear, and the RRC parameter structure is still missing in 38.331. The current description in 38.214 is as follows:
[bookmark: _Toc501048185]5.2.1.4.2	Non-PMI port indication
If a UE is configured 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 ReportConfig, where r ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting is linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting linked for channel measurement.
-	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.
In our understanding, the agreed functionality that should be conveyed is that:
· Port index indication is given separately for each CSI-RS resource linked for channel measurement
· For each CSI-RS resource, a separate indication of R ports is given per rank R=1,…,8
· For the indicated ports for a certain rank, the layer ordering (which impacts the CW to layer mapping and thus CQI calculation for rank>4) is the same as the ordering in which the ports are indicated in RRC
· The UE selects one of the CSI-RS resources with the CRI, if configured with multiple CSI-RS resources for channel measurement

There are some issues with including the port index indication in the CSI Report definition. The number of CSI-RS resources in the set is not known and neither are the number of ports in the resources as those are defined in the ResourceSetting and not in the ReportSetting. Thus, worst case scenario may have to be assumed in the RRC signalling. To constrain the overhead, one option is to assume that the same port index indication applies to all CSI-RS resources in the set for channel measurement. This should not be a severe limitation as the use case for multiple CSI-RS resources in conjunction with non-PMI feedback is not that clear anyway.

[bookmark: _Toc506402960][bookmark: _Toc506465928][bookmark: _Toc506466733][bookmark: _Toc506467106][bookmark: _Toc506467825][bookmark: _Toc506478765][bookmark: _Toc506487968][bookmark: _Toc506501522][bookmark: _Toc506554525][bookmark: _Toc506555933][bookmark: _Toc506556100][bookmark: _Toc506556247][bookmark: _Toc506556950]The same non-PMI port mapping is used for all CSI-RS resources in the set for channel measurement.
Thus, for any given CSI-RS resource, the port index indication can be done through one of the two approaches below:
1. 8 bitmaps, one for each rank, of size 32 (i.e. the maximum CSI-RS resource size)
2. A sequence of 1+2+3+4+5+6+7+8=36 integers indicating the ports indices for each rank, where the integers have the range 0-31
As the first approach yields an overhead of 256 bits while the second approach yields an overhead of 180 bits, the second approach should be preferred. If this can be decided, the description in 38.214 can be made clear.

[bookmark: _Toc506402961][bookmark: _Toc506465929][bookmark: _Toc506466734][bookmark: _Toc506467107][bookmark: _Toc506467826][bookmark: _Toc506478766][bookmark: _Toc506487969][bookmark: _Toc506501523][bookmark: _Toc506554526][bookmark: _Toc506555934][bookmark: _Toc506556101][bookmark: _Toc506556248][bookmark: _Toc506556951]Adopt the clarified description of the non-PMI port indication in TP4.

---------------------------------Start of proposed TP4 for 38.214 ----------------------------------------------------
5.2.1.4.2	Non-PMI port indication
If a UE is configured 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 ReportConfig, which contains a sequence  , ,     of port indices, where are the CSI-RS port indices associated with rank and  is the maximum rank associated with the CIS-RS resource. where r ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting is linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting linked for channel measurement.
-	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 TP4 ---------------------------------------------------------------------

Conclusions
In this contribution, we made the following observations:
Observation 1	The statement of zero-transmission power assumption for CSI-IM in 38.214 on CSI-IM contradicts with the agreement reached in RAN1 AdHoc1801.
Observation 2	An aperiodic ZP CSI-RS resource is needed to rate match around a UE’s aperiodic CSI-IM.  Since the same ZP CSI-RS field in DCI is also used to indicate rate matching around other UEs NZP CSI-RS, triggering CSI reporting for more than one UE in a slot requires overallocation of ZP CSI-RS resources leading to increased overhead and reduced PDSCH performance
Observation 3	Since rate matching of PDSCH around aperiodic NZP CSI-RS is already conveyed by the UL-related DCI, it would be natural if rate matching around the simultaneously triggered aperiodic CSI-IM would be indicated by the same UL-related DCI.
Observation 4	In current version of the spec, 3 MAC CE messages are required to active SP CSI reporting on PUCCH, when SP CSI-RS / CSI-IM is used and the CSI-IM is rate matched around by PDSCH.
Observation 5	Accumulating interference estimates from multiple CSI-IM leads to double counting of inter-cell interference and should be avoided.
Observation 6	The use case of more than one CSI-IM resource per CSI resource set is only useful in “Class B” type of operation where each NZP CSI-RS for channel measurement is associated with a CSI-IM resource.
Observation 7	Current specification text makes UE interference measurement behavior ambiguous.

[bookmark: _In-sequence_SDU_delivery]Based on the above observations, we make the following proposals: 
Proposal 1	Remove the text on zero transmission power for CSI-IM in 38.214 and adopt TP1.
Proposal 2	Support optionally associating each CSI-IM resource with a ZP CSI-RS resource for rate-matching in RRC for the purpose of joint activation/deactivation/triggering. If the optional association is configured, the ZP CSI-RS resource is activated/deactivated/triggered jointly with the CSI-IM resource, following the activation/deactivation/triggering mechanism for CSI-IM.
Proposal 3	Only a single CSI-IM resource is associated with a NZP CSI-RS resource for channel measurement in CQI calculation. It is proposed that TP2 be adopted.
Proposal 4	When activating/deactivating SP CSI report on PUCCH based on SP CSI-RS/CSI-IM, the SP CSI-RS/CSI-IM is also activated/deactivated at the same time by the same activation/deactivation message.
Proposal 5	Explicitly state in the spec how UE shall account for other interference signals on NZP CSI-RS IMR
Proposal 6	UE shall not derive interference measurement from CMR.
Proposal 7	UE shall assume the other interference on REs of NZP CSI-RS resource for interference measurement comes from the same source as on REs of CSI-IM. It is proposed that TP3 be adopted.
Proposal 8	Non-zero value aperiodic triggering offset (X) are applicable for both CSI reporting and beam management and should be supported.
Proposal 9	The same non-PMI port mapping is used for all CSI-RS resources in the set for channel measurement.
Proposal 10	Adopt the clarified description of the non-PMI port indication in TP4.
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Appendix: Summary of text proposals:
-----------------------------Start of proposed TP1 for 38.214 --------------------------------------------------------------------- 
5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) 
The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer parameter CSI-IM-ResourceSetConfig. Each CSI-IM resource set consists of K≥1 CSI-IM resource(s). 
The following parameters for which the UE shall assume zero transmission power are configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
-------------------------------End of proposed TP1 -----------------------------------------------------------------------------------

--------------------Start of proposed TP2 for 38.214----------------------------------------------------------------------------
5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) 
The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer parameter CSI-IM-ResourceSetConfig. Each CSI-IM resource set consists of K≥1 CSI-IM resource(s) and can only be associated with a NZP CSI-RS resource set having K NZP CSI-RS resources for channel measurement, where the kth CSI-IM resource in a CSI-IM resource set is associated with the kth NZP CSI-RS resource in an associated NZP CSI-RS resource set.
---------------------End of proposed TP2 -----------------------------------------------------------------------------------------
---------------------Start of proposed TP3 for 38.214 ----------------------------------------------------------------------------
5.2.1.4.1	Resource Setting configuration
Each trigger state configured using the higher layer parameter ReportTrigger is associated one or multiple ReportConfig where each ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.
-	When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on NZP CSI-RS.
-	When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for NZP CSI-RS based interference measurement.
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 channel measurement, non-zero powerNZP CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement. The UE shall assume that other interference signal on REs of NZP CSI-RS for interference measurement and CSI-IM resource comes from the same interference source.
--------------------------End of proposed TP3 ---------------------------------------------------------------------------------------
--------------------------Start of proposed TP4 for 38.214 -------------------------------------------------------------------------
5.2.1.4.2	Non-PMI port indication
If a UE is configured 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 ReportConfig, which contains a sequence  , ,     of port indices, where are the CSI-RS port indices associated with rank and  is the maximum rank associated with the CIS-RS resource. where r ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting is linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting linked for channel measurement.
-	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 ----------------------------------------------------------------------------------
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