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1 Introduction

In previous RAN1 meetings, the following agreements have been achieved:
· Nmax=6 

· Including both CMR and/or NZP/ZP CSI-RS based IMR

· 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

· A CSI reporting setting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part
· The subset of subbands can be configured to be contiguous or non-contiguous 
· Aperiodic CSI-RS triggering offset X is configurable on a per resource set basis in ResourceSetConfig

·    Note: The offset X is measured in slots

·    FFS: The case when multiple resource sets are associated with a trigger point

In this contribution, we discuss remaining issues for CSI acquisition framework.
2 Details of CSI framework
2.1 CSI reporting settings

2.1.1 CSI reporting band
Although a CSI reporting band for contiguous or non-contiguous has been supported, the details of CSI reporting band configuration however is still left open, and the determination of the number of subband has direct impact on the corresponding RRC configuration. For a unified and flexible configuration, a bitmap (csi-ReportingBand) has been adopted by RAN2 [1], however the size of the bitmap is to be determined.

csi-ReportingBand





BIT STRING (SIZE (FFS))
Since the CSI reporting band is restricted within the configured CSI-RS bandwidth, the number of subbands can be varied according to the configured CSI-RS bandwidth, within the activated bandwidth part. However, for the ease of the subband indexing by either TRP or UE side, varying bitmap lengths according to CSI-RS bandwidth should be avoided, whereas it should depend on the number of subbands within the component carrier, i.e. bitmap length N should be determined according to the CC bandwidth ([image: image2.png]


) and the corresponding subband size ([image: image4.png]


)
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Proposal 1: NR supports higher layer configuration of an N-bit bitmap for CSI reporting band
· N, i.e. number of subbands, corresponds to the configured CC bandwidth.
2.1.2 CRI details
CRI is currently supported in NR as follows
· When the UE is configured with a CSI-RS resource set, the UE shall determine a CRI from the supported set of CRI values and report the number in each CRI report.
· The bitwidth for CRI is determined by 
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 is the number of CSI-RS resources in the corresponding resource set.

According to the above agreements, if one CSI resource setting is configured, i.e. for beam management measurement, the CRI definition is quite straight forward. However, if two or three CSI resource settings are configured, i.e. for CSI measurement, the reported CRI should at least also indicate the information for the corresponding interference measurement resource(s).
As observed from LTE design, there is a one-to-one association between channel measurement resource and interference measurement resource, and the CRI actually indicates one-out-of-N channel-interference measurement resource pairs. The corresponding CSI parameters, e.g. PMI, RI, CQI, should be also based upon the selected measurement resource pair.
The currently agreed NR CSI framework can lead to various alternatives for the detailed CRI indication. For instance, if the resource setting for interference measurement is configured with CSI-IM resources, a CRI indication scheme analogous to LTE can be adopted, i.e. a one-to-one association between NZP CSI-RS resource (in the NZP CSI-RS resource set for channel measurement) and CSI-IM resource (in the CSI-IM resource set for interference measurement) should be established (See Fig. 1). In this case, each channel measurement resource and CSI-IM resource pair corresponding to a channel/interference measurement hypothesis.
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Fig. 1 One-to-One association between NZP CSI-RS and CSI-IM
On the other hand, if the resource setting for interference measurement is configured with NZP CSI-RS resources, each NZP CSI-RS resource set within the resource setting should be treated as a whole, i.e. all the NZP CSI-RS resources within the NZP CSI-RS resource set for interference measurement should be counted for the accumulated interference estimation (See Fig. 2 and Fig. 3). This reflects the original idea of introducing NZP CSI-RS resources for interference measurement, which enriches the interference measurement hypothesis.
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Fig. 2 CMR and the NZP CSI-RS resource set for interference measurement
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Fig. 3 CMR, CSI-IM and the NZP CSI-RS resource set for interference measurement
A single NZP CSI-RS resource can be configured in the NZP CSI-RS resource set for interference measurement, thus a CRI value indicates the NZP CSI-RS resource for channel measurement, the corresponding CSI-IM resource (if available), and the NZP CSI-RS resource for interference measurement. 
Based on the above discussion, we have the following proposal

Proposal 2: NR supports one-to-one association between the NZP CSI-RS resource for channel measurement and CSI-IM resource for interference measurement.
Proposal 3: NR supports a CRI value k (=0, 1, …, Ks-1) indicating
· (k+1)-th entry of Ks NZP CSI-RS resources within a NZP CSI-RS resource set for channel measurement

· (k+1)-th entry of Ks CSI-IM resources within a CSI-IM resource set for interference measurement

· the NZP CSI-RS resource set for interference measurement

Further enhancement of CRI definition can also be considered. In CSI reporting setting, TRP can configure the UE to feedback CSI related quantities, such as CRI (CSI-RS resource indication). CRI is used to indicate a preferred resource, especially in LTE class B K>1 case. In previous discussions, only channel resources can be recommended by UE, which is denoted as CRI. Nonetheless, UE does not recommend interference resources explicitly since the interference resources are determined by the cooperation of TRPs. In NR multi-TRP scenario, more than one channel resource as well as more than one interference resource can be configured with a goal to let UE measure as many CSIs as possible to assist the TRP to schedule. In this case, UE may be able to obtain multiple CSIs based on multiple combinations of channel resources and interference resources. For the sake of feedback overhead reduction, only preferred CSI(s) can be reported. In order to let TRP know the CSI calculation assumption, the channel resource and the interference resource which derive the CSI should be reported as well, i.e., CRI should be able to both indicate selected channel resource along with selected interference resource.
Proposal 4: NR can consider CRI feedback enhancement which indicates either the channel resource or interference resource or both. 
2.2 CSI Resource settings
2.2.1 CSI-RS resource set

The issue about slot-level trigger offset for aperiodic CSI-RS was discussed in last meeting and achieved the above agreement after the e-mail discussion. One important motivation for above case discussion comes from the need of beam sweeping. As single-symbol CSI-RS resources has been agreed in meeting #90 at least for beam training, the NW should consider how many OFDM symbols are available for beam sweeping CSI-RS resources within a slot. Due to the fact that the first 2-3 PDCCH symbols shall be reserved for CORESET reception, and the several symbols after PDCCH reception may be not suitable for beam sweeping because of the decoding latency, a maximum of ~6-8 symbols per slot for beam sweeping can be considered as a starting point. Besides, if high priority data transmission or UL grant is still allowed, the available OFDM symbols available for beam sweeping CSI-RS resources per slot can be further limited. 

On the other hand, in the already agreed CSI framework, the CSI-RS transmission is triggered at resource set level, and the associated aperiodic CSI-RS resources can practically only be transmitted per slot basis. To guarantee an aperiodic beam training, the NW may need to trigger multiple CSI-RS resource sets one by one. Meanwhile, multiple aperiodic CSI reporting are jointly triggered as well. In this case, each CSI-RS resource set only contains partial beams to be swept, and the aperiodic reporting contains the beam-related reporting information which is based on an incomplete sweeping. The gNB may need to combine the multiple reporting and compare the RSRPs to determine the best N Tx beams. 

To avoid the complexity as well as the waste of signaling overhead and unnecessary UL grants (for CSI reporting), the NW can trigger multiple aperiodic CSI-RS resource sets by one trigger point, and each of them is configured with different triggering offset.
Proposal 5: Multiple Aperiodic CSI-RS resource sets with various trigger offset X can be associated to single trigger point.
2.3 CSI Enhancement for multi-TRP coordinated transmission
For NCJT CSI operation, a joint configuration can be adopted, where one CSI reporting setting (1) is associated to three Resource settings (1, 2 and 3) via three links, respectively. The NZP CSI-RS resource(s) within the Resource setting 1 is for channel measurement, while the NZP CSI-RS resource(s) within Resource setting 3 is for interference measurement. 
NZP CSI-RS resources for the two-TRP NCJT CSI measurement and reporting are to be configured within one Resource setting for channel measurement. For Resource setting 1, two CSI-RS resource sets are configured, where set 1 corresponds to the channel measurement CSI-RS resource(s) for TRP1, and set 2 corresponds to channel measurement CSI-RS resource(s) for TRP2, respectively.

NZP CSI-RS resources for the two-TRP NCJT CSI measurement and reporting are to be configured within one Resource setting for inter-TRP interference measurement. For Resource setting 3, two CSI-RS resource sets are configured, where set 1 in Resource setting 3 is associated with set 1 in Resource setting 1, corresponding to the interfering NZP CSI-RS resource(s) for TRP1, while set 2 in Resource setting 3 is associated with set 2 in Resource setting 1, corresponding to the interfering NZP CSI-RS resource(s) for TRP2. 
The CSI-IM resource configured in Resource setting 2 can be used for interference measurement out of the transmission set. 
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Figure 4. CSI framework configuration for multi-TRP CSI operation
Proposal 6: NR supports the following framework configuration
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement

· Multiple CSI reports can be configured within one CSI reporting setting

3 Conclusions

This contribution discussed the remaining issues of CSI acquisition framework. The proposals are summarized as follows:
Proposal 1: NR supports higher layer configuration of an N-bit bitmap for CSI reporting band
· N, i.e. number of subbands, corresponds to the configured CC bandwidth.
Proposal 2: NR supports one-to-one association between the NZP CSI-RS resource for channel measurement and CSI-IM resource for interference measurement.

Proposal 3: NR supports a CRI value k (=0, 1, …, Ks-1) indicating

· (k+1)-th entry of Ks NZP CSI-RS resources within a NZP CSI-RS resource set for channel measurement

· (k+1)-th entry of Ks CSI-IM resources within a CSI-IM resource set for interference measurement

· the NZP CSI-RS resource set for interference measurement
Proposal 4: NR can consider CRI feedback enhancement which indicates either the channel resource or interference resource or both. 
Proposal 5: Multiple Aperiodic CSI-RS resource sets with various trigger offset X can be associated to single trigger point.
Proposal 6: NR supports the following framework configuration
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement

· Multiple CSI reports can be configured within one CSI reporting setting
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