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1. Introduction

At the previous meetings channel and interference measurement (CM and IM) was extensively discussed, and fruitful agreements were achieved. However, some of them are not well captured in the current released specification. 
In this contribution, some clarifications for CSI measurement would be discussed.
2. Summary of agreements not captured
In last RAN1#91 meeting, UE assumptions for interference measurement was agreed [1].

Agreement

Support UE CSI acquisition where:

· On a NZP CSI-RS resource for channel measurement, UE assumes

· Each port corresponds to a PDSCH transmission layer if no PMI or RI is reported

· On a NZP CSI-RS resource for interference measurement, UE assumes 

· Each port corresponds to an interference transmission layer

· On REs of CMR and ZP/NZP-based IMR, UE assumes

· Other interference signal may present (ex: other cell interference)

· UE performs accumulation of interference estimated on the following

· All interference layers on NZP IMR(s) taking into account the associated Pc power boosting; and

· Other interference signal on REs of CMR/IMR 

· Notes: this does not mandate specific UE implementation

However, the Subclause 5.2.1.4.1 of TS38.214 missed the assumption of accumulation of interference layers and other interference signal when UE derives CSI. It should be noted that the wording of ‘accumulation’ is not intended to mandate UE’s implementation. It is just to clarify what the interference is composed of. Otherwise, UE would be unclear how to combine the interference layers and other interference signals, and it would be difficult for gNB and UEs to align the understanding of interference. Hence we propose to capture ‘accumulation’ in the specification TS38.214. The detailed text proposal can be found in draft CR [2].
3. Summary of incorrectly captured agreements
3.1. Measurement restriction for interference
In RAN1#89 meeting, measurement restriction for channel and interference measurement was discussed, and the following agreement was achieved:
Agreements:

· Support following features for NR CSI acquisition
· FFS Frequency domain subset restriction
· FFS on number of configurable subsets
· FFS on detailed signaling/configuration
· FFS measurement restriction of interference measurement
· FFS on measurement restriction of channel measurement 
· For time domain, measurement restriction of channel and interference measurement
· CSI reporting via short duration PUCCH
· FFS on detailed setting in CSI reporting setting
· CSI reporting via long duration PUCCH
· FFS on detailed setting in CSI reporting setting
· PUCCH reporting which is contained in a single slot
· FFS on PUCCH reporting which is contained in multiple slots
It was well known that both ZP CSI-RS and NZP CSI-RS resource(s) can be configured for interference measurement. Hence, interference measurement restriction is applicable for CSI-IM and NZP CSI-RS configured for interference measurement. However, in latest released TS38.214, the measurement restriction is descripted as following in Subclause 5.2.2.1, 
‘If a UE is configured with higher layer parameter MeasRestrictionConfig-time-interference the UE shall derive the interference measurements for computing the CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on the most recent, no later than the CSI reference resource, occasion of CSI-IM (defined in [4, TS 38.211]) within configured MeasLinkConfig associated with the CSI resource setting. ’
In the above text, only CSI-IM is mentioned for measurement restriction for interference. Obviously, it does not align with the agreement. Hence we propose to include NZP CSI-RS configured for interference measurement into the working scope of measurement restriction for interference. 
The detailed text proposal can be found in draft CR [2].
3.2. CSI resource setting configurations in P/SP CSI reporting

In RAN1#91, it was agreed that for aperiodic CSI reporting, each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s). This is captured in TS 38.214, Subclause 5.2.1.4.1 Resource Setting configuration as

‘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 non-zero power 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 non-zero power CSI-RS based interference measurement.’
According to the specification, ReportConfig linking to one or two or three P/SP/AP CSI-RS resource setting(s) is only applicable for aperiodic CSI reporting, and cannot be used for P/SP CSI reporting. However, it is not the common understanding of the application of CSI resource setting configurations. Actually, there were some discussions that whether to restrict NZP CSI-RS based IMR for aperiodic CSI reporting only, but such a restriction was not agreed. Hence, the configuration of one or two or three CSI-RS resource setting(s) is actually applicable for aperiodic, semi-persistent and periodic CSI reporting. We propose to change the text in Subclause 5.2.1.4.1 to align the common understanding. 
The detailed text proposal can be found in draft CR [2].
3.3. QCL assumption for CSI-RS resources configured for channel and interference

In RAN1#91 meeting, QCL assumption for CSI-RS resources configured for channel and interference was discussed, and achieved the following agreement.
Agreement:  

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.

According to the agreement, it means that ZP/NZP CSI-RS resource configured for IM and NZP CSI-RS resource configured for CM are same spatial QCL assumption. Furthermore, for other QCL assumption like Doppler shift, Doppler spread etc., IMR resource and CM resource can have different QCL assumption. For example, in order to measure the other TRP’ interference, NZP CSI-RS resource for CM is transmitted from one TPR and the ZP/NZP CSI-RS based IMR resource is transmitted from other TRP. In this case, some QCL parameters, such as Doppler shift and Doppler spread, may be unnecessary to be assumed same between CM resource and IM resource. However, in current specification, the QCL assumption for CSI-RS resources configured for channel and interference is descripted as following in section 5.2.2.1,
‘For the CQI derivation the UE assumes the same quasi co-location properties between the CSI-IM and/or non-zero power CSI-RS configured for interference measurements and the non-zero power CSI-RS configured for channel measurements.’
It means all QCL parameters between CM resource and IM resource are same according to the description in the current specification. Obviously, the specification is not aligned with the agreement. Hence, we propose to further clarify that same spatial Rx parameter should be assumed for IMR and CMR. 
The detailed text proposal can be found in draft CR [3].

3.4. Configuration parameters for CSI measurement

In RAN1#91 meeting, the following CSI framework details have been agreed
Agreement:  
Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)

· When one resource setting is configured, the resource setting is for channel measurement for beam management.

· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).

· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.

· If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting.    

· FFS on None for multiple TRP cases

· FFS: 1<= None <=Nonemax (FFS) for beam management

According to the agreement, there is explicit configuration for NZP CSI-RS resource set(s) and CSI-IM resource set(s). However, current specification TS38.214 has not capture these features correctly, which would lead to UE failure to derive the proper interference measurement resource(s).
In 38.214 Sec. 5.2.2.3.1, the following is specified
“The UE can be configured with one or more non-zero power CSI-RS resource set configuration(s) as indicated by the higher layer parameter ResourceSetConfig Each resource set consists of K≥1 non-zero power CSI-RS resource(s).”
It is obvious that the specification is not aligned with the agreement on the NZP-CSI-RS resource set(s) configurations. Hence, we propose to replace ‘ResourceSetConfig’ with ‘NZP-CSI-RS-ResourceSet’ in the text. 
Moreover, in TS38.214 Sec. 5.2.2.4, the following is specified

“The UE can be configured with a single or more CSI-IM resource configuration(s).”

It is obvious that the specification is not aligned with the agreement on the CSI-IM resource set(s) configurations. We propose to replace ‘CSI-IM resource configuration(s)’ with ‘CSI-IM resource set configuration(s)’. 
The detailed text proposal can be found in draft CR [4].

3.5. Clarification on relationship between CSI-IM and ZP CSI-RS
For PDSCH resource mapping, it was agreed that the PDSCH resource elements are not used for zero-power or non-zero-power CSI-RS. Yet, there’s no description for whether or not to map around CSI-IM. CSI-IM is used for interference measurement which is assumed as zero-power. A reasonable case is PDSCH is mapped around CSI-IM as well so to ensure zero power on the CSI-IM resource elements. In current specifications, CSI-IM resource and ZP CSI-RS resource are separately configured with difference IEs, and there is no relation between them. To fit the PDSCH mapping around ZP CSI-RS and NZP CSI-RS, CSI-IM can be a subset of ZP CSI-RS so PDSCH would map around CSI-IM naturally. CSI-IM configuration can be clarified to be a subset of ZP CSI-RS, which is similar to LTE. Hence we propose to add the exception description at the end of Subclause 5.2.2.4 of TS38.214. 
The detailed text proposal can be found in draft CR [5].
4. Discussions of remaining FFS parts in Rel-15
4.1. Enhancement on Measurement restriction
It was agreed to support measurement restriction in time domain for channel and interference measurement. However, in order to complete the specification, the detailed mechanism should be discussed. Taking into account the flexibilities to fit the rich channel conditions in various NR scenarios, measurement restriction by a configurable number of slots can be considered in NR. Moreover, TRP may occasionally change beamformer on CSI-RS based on some events, e.g., change from SU to MU. When such an event occurs, UE needs to reset its channel measurement from then on and shall not average the measurements before and after the event. Therefore, time domain channel measurement reset due to relevant events should be supported.

With the similar reason as suggested above for time domain channel measurement restriction, interference measurement restriction by a configurable number of slots can be considered in NR, in order to align with the possible configuration of time domain channel measurement restriction.

Proposal 1: NR supports a configurable number of slots for time domain channel/interference measurement restriction. Moreover, the measurement filtering in time domain can be reset when some events happen.
The frequency domain channel measurement restriction, on the other hand, is to be considered in the situation where multiple services exist in different parts of the whole frequency band. The channel measurement over the whole bandwidth is possible, however only one or a few bandwidth parts need to be measured for the UE in certain service(s). In this regard, restricting the channel measurement in frequency domain is also beneficial.

According to the previous agreements on wider bandwidth operation, there can be multiple bandwidth parts configured to a UE, each of which corresponds to a specific numerology to support the relevant service. At least one out of multiple bandwidth parts can be activated, while multiple bandwidth parts with different numerologies activated simultaneously can also be considered. With this flexibility of bandwidth part configuration, the frequency domain channel measurement restriction should at least be applicable in bandwidth part-wise, i.e. measurement restricted to one or more bandwidth parts out of the full bandwidth. 

Further measurement restriction within a bandwidth part can also be considered. For instance, in beam management, a UE-group-specific CSI-RS may need to cover the whole band of the link or a specific subband. A UE-specific CSI-RS may need to be allocated within the frequency resources to a particular UE, in order to provide accurate beam information and/or CSI, and also to avoid affecting other FDM-ed transmissions. In this regard, CSI-RS bandwidth smaller than the bandwidth part may be considered, and thus the frequency domain channel measurement restriction on the CSI-RS configured bandwidth within a bandwidth part.
In the previous meetings, it was agreed that CSI-RS may be configured with a bandwidth smaller than the UE’s BWP. In this way, channel measurement resource as well as interference measurement resource can be configured with their respective bandwidth which can be equal to or smaller than the BWP. For a derived CSI, NZP CSI-RS IMR bandwidth should be at least the same as the bandwidth of NZP CSI-RS CMR. Otherwise, it is not reasonable to calculate CQI based on a NZP CSI-RS CMR configured in bandwidth part 1 but a NZP CSI-RS IMR in bandwidth part 2 for an example. Thus, UE should not expect to receive a NZP CSI-RS resource for interference measurement whose bandwidth is not the same as the bandwidth of channel measurement resource. 
Regarding the signaling of measurement restriction by means of CSI-RS bandwidth, several ways can be conducted. For example, with a granularity of RBG, bitmap can be used. The length of the bitmap depends on the RBG/CSI-RS bandwidth and corresponding RBG size. Or specifically for continuous CSI-RS bandwidth, a starting position and a length of the bandwidth can be configured to the UE based on a granularity of RB for an example. 
Proposal 2: Support channel and interference measurement restriction on CSI-RS resources within a configurable number of subbands, and if the CSI-RS resource has a configured bandwidth smaller than the BWP, channel and interference measurements are restricted to the CSI-RS resources within the configured bandwidth.
5. Conclusions
In this contribution, the remaining details of CSI measurement are discussed. We have the following proposals: 
Proposal 1: NR supports a configurable number of slots for time domain channel/interference measurement restriction. Moreover, the measurement filtering in time domain can be reset when some events happen.
Proposal 2: Support channel and interference measurement restriction on CSI-RS resources within a configurable number of subbands, and if the CSI-RS resource has a configured bandwidth smaller than the BWP, channel and interference measurements are restricted to the CSI-RS resources within the configured bandwidth.
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