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1 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 meeting.  There are some issues on CSI measurement which need to be further discussed, refined or updated in the specification. We provide our proposals and TPs on CSI measurement related issues in this contribution.
2 NZP CSI-RS based interference measurement
In the current spec, it is not clear how interference accumulation should be done when NZP CSI-RS is configured for interference measurement.  To avoid repeated interference accumulation, it would be better to make the description clearer for the cases with and without configured CSI-IM resource.    For the case when CSI-IM is configured, other interference signal should be obtained from CSI-IM resource.    For the case when CSI-IM is not configured, other interference signal should be obtained from NZP CSI-RS resource for interference measurement after subtracting the estimated interference channel.  
TP 1: For TS 38.214, Subclause 5.2.1.4.1 Resource Setting Configuration
	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 when CSI-IM is configured
-
all interference transmission layers on NZP CSI-RS ports indicated for interference measurement, take into account the associated EPRE ratios configured in 5.2.2.3.1; 

-
other interference signal on REs of CSI-IM resource 
A UE shall perform accumulation of interference estimated on the following when CSI-IM is not configured
-
all interference transmission layers on NZP CSI-RS ports indicated for interference measurement, take into account the associated EPRE ratios configured in 5.2.2.3.1; 

-
other interference signal on REs of non-zero power CSI-RS resource(s) for interference measurement.



In the current CSI framework, each aperiodic CSI report can be linked to one, two or three CSI resource settings for aperiodic CSI reporting. However, for periodic/semi-persistent CSI reporting, how to configure resources/settings to perform channel and interference measurement hasn’t been addressed. 

It’s clear that to measure interference for P/SP CSI, resource setting containing CSI-IM is needed. The issue here is whether NZP CSI-RS based IMR is needed for P/SP CSI. The intention of introducing NZP CSI-RS based IM is to acquire accurate CQI/PMI information reflecting real/potential data scheduling. Moreover, it is usually used as a second step after robust CSI is achieved and potential data scheduling decision(s) has been made by gNB. Then it’s more appropriate to be used for AP CSI. The use case to support P/SP CSI is doubtful. Hence, we have the following proposal.
Proposal 1: For P/SP CSI reporting, NZP CSI-RS based IMR is not supported.
The following TP is proposed to describe how to configure resource setting(s) for P/SP CSI.
TP 2: For TS 38.214, Subclause 5.2.1.4 Report Configuration
	5.2.1.4.1
Resource Setting configuration

For aperiodic CSI, 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 semi-persistent or periodic CSI, each ReportConfig is linked to periodic, or semi-persistent:
-
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.




3 Association between CMR and IMR
CSI-IM
In the case of two or three CSI resource settings, one of them can be a CSI-IM resource setting for interference measurement. For CSI-IM, ZP CSI-RS based IMR is used to calculate interference power corresponding to each resource used for channel measurement. Then there should be a resource level association between CMR and CSI-IM. Otherwise CSI-IM based interference measurement does not work. This association has not been reflected in the current specifications. We have the following proposal for CSI-IM based IMR.
Proposal 2: If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets.
The following TP is proposed to capture the above proposal in specification.
TP 2: For TS 38.214 Subclause 5.2.1.4 Report Configuration
	5.2.1.4.1
Resource Setting configuration

…
If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets.
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"




NZP CSI-RS based IMR
If interference measurement is performed on NZP CSI-RS based IMR, and multiple resources are configured for channel measurement, one to one mapping may not be sufficient. Measuring accurate MU interference is the major motivation of introducing NZP CSI-RS based IMR. If three UEs are potentially paired to perform MU transmission, three resources can be configured for these three UEs as shown in Fig. 1. Since for each UE, IMR and CMR cannot be overlapped, UE i can measure channel in its CMR and MU interference in the IMRs. This approach, which enables resource sharing among UEs, achieves trade-off among IM accuracy and RS overhead. UE need to accumulate the interference measured from the IMRs. Hence supporting one CMR to multiple IMRs mapping should be possible for NZP CSI-RS based IM.
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Fig. 1 NZP CSI-RS based IMR

If multiple CMRs are configured in the CMR set, the use case to support precoder selection via CRI reported by UE. Different precoders should be used on these resources. For example, in Fig. 2, 4 resources are configured in the CMR set with precoders F1, F2, F3 and F4, respectively. In the associated IMR set, the resources should contain precoders which are potentially paired with all the precoders in the CMR set. Further, different precoders would be paired with F1, F2, F3 and F4, i.e., Fi would be paired with a subset of the IMR resources. Hence each CMR in the CMR set should be associated with a subset of the IMRs in the linked IMR set. UE should accumulate the interference measured from the IMRs associated with the corresponding CMR. If UE accumulates all the resources in the IMR set, the computed interference would be much larger than the real interference in scheduling.
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Fig. 2 Multiple CSI-RS resources in CMR resource set

At current stage, the simplest way, which does not require new RRC parameter, is to associate each CMR and the IMR subset with a simple rule. For example, in the resource set for channel measurement, KC resources 
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 are configured, whereas in the linked NZP CSI-RS resource set for interference measurement, KI resources 
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 are configured. A simple approach to facilitate NZP CSI-RS based IM is to associate 
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. Following this approach, assuming 3 UEs are potentially paired, where each of them has 4 resources/precoders, one example is given in Fig. 3 from the perspective of UE 1. Each precoder of UE 1 is measured associated with its paired precoders in UE2 and UE3.
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Fig. 3 CMR and IMR association for UE 1
Besides Fig. 3, the above approach can also be used on the case that the IMRs associated with different CMRs corresponds to different groups of UEs. For example, CMR1 is paired with UE 2 and 3, and CMR2 is paired with UE 4 and 5. The total number of precoders grouped for each CMR is restricted to be same. In the first step, gNB acquires several candidate beams and pre-scheduled candidate groups of paired UEs. Then in the second step gNB can achieve accurate CSI considering real interference and schedule the best group of UEs.
Proposal 3: If interference measurement is performed on NZP CSI-RS, the i-th resource in the linked resource set for channel measurement is associated with the 
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 is the number of resources in the NZP CSI-RS resource set for interference measurement .
· When computing CSI, UE shall accumulate the interference measured from the NZP CSI-RS resources for interference measurement associated with the corresponding resource for channel measurement.
4 QCL among PDSCH, CMR and IMR in the same symbol

It’s agreed in RAN1#91 that UE assumes the same spatial QCL assumption for ZP/NZP-CSI-RS based IMR resource as the one configured for NZP CSI-RS resource for CM. NR can allow allocating CSI-RS/CSI-IM and PDSCH in the same symbol for the same UE. Then UE should assume same QCL assumptions for PDSCH and CSI-RS/CSI-IM in the same symbol. It needs to be clarified in the specifications.
Proposal 4: UE assumes same QCL assumption with respect to spatial Rx parameters for PDSCH and NZP CSI-RS/CSI-IM resource(s) in the same symbol.

TP 3: For TS 38.214 Subclause 5.2.1.2 Resource settings
	5.2.1.2
Resource settings

…
The UE may assume 
· the CSI-RS resource(s) for channel measurement and the CSI-IM/NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are resource-wise quasi co-located with respect to spatial Rx parameters. 
· same QCL assumption with respect to spatial Rx parameters for PDSCH and NZP CSI-RS/CSI-IM resource(s) in the same symbol.



5 Conclusion

In this contribution, we provide TPs on CSI measurement related issue to the current NR specifications. In addition, we have the following proposals.
Proposal 1: For P/SP CSI reporting, NZP CSI-RS based IMR is not supported.
Proposal 2: If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets.
Proposal 3: If interference measurement is performed on NZP CSI-RS, the i-th resource in the linked resource set for channel measurement is associated with the 
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-th resources configured in the NZP CSI-RS resource set for interference measurement, where 
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 is the number of resources in the NZP CSI-RS resource set for interference measurement .
· When computing CSI, UE shall accumulate the interference measured from the NZP CSI-RS resources for interference measurement associated with the corresponding resource for channel measurement.
Proposal 4: UE assumes same QCL assumption with respect to spatial Rx parameters for PDSCH and NZP CSI-RS/CSI-IM resource(s) in the same symbol.
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