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1 Introduction

In previous RAN1 meetings, the following agreements have been achieved [1-2]:
· Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI 

· Maximum value of Ks for CSI acquisition is no more than 8
· Maximum number of CSI reporting settings (N value), maximum number of resources settings (M value), maximum number of resource sets (S value), the number of links (L), and/or maximum number resources per resource set  (Ks value) in both non-CA and CA scenarios

In this contribution, we discuss further details of CSI acquisition and beam management framework, especially focus on the above remaining issues from previous meetings.
2 CSI framework for different use cases
2.1 Use cases for DL beam management
For the beam management sharing the same framework as CSI acquisition, the following configurations should be considered:

· For P1 beam management: one CSI reporting setting with CRI, L1 RSRP, etc., which can be configured as periodic or semi-persistent reporting. One resource setting with one CSI-RS resource set, containing Ks CSI-RS resources, which can be configured as periodic or semi-persistent transmission. 

· For P2 beam management: one CSI reporting setting with CRI, L1 RSRP, etc., which can be configured as aperiodic or semi-persistent reporting. One resource setting with one or more CSI-RS resource set, each contains Ks CSI-RS resources, which can be configured as aperiodic or semi-persistent transmission.
· For P3 beam management: 

· Option 1: no CSI reporting setting is to be configured. One resource setting with one or more CSI-RS resource set, each contains Ks CSI-RS resources, which can be configured as aperiodic transmission.

· Option 2: one CSI reporting setting with L1 RSRP, etc., which can be configured as aperiodic reporting. One resource setting with one or more CSI-RS resource set, each contains Ks CSI-RS resources, which can be configured as aperiodic transmission.

· Ks can be greater than 8, the maximum number of which depends on the CSI-RS pattern designed for beam management.
2.2 Use cases for DL robust transmission

To guarantee the DL robust transmission, CSI acquisition method for open-loop/semi-open-loop transmission should be considered, including the following configurations:
· For DL robust transmission: one CSI reporting setting with wideband/subband PMI, CQI, etc., which can be configured as periodic or semi-persistent reporting. One resource setting with one CSI-RS resource set, containing Ks non-precoded/beamformed CSI-RS resources, which can be configured as periodic or semi-persistent transmission.
Further details can be found in our companion contribution [3] for DL robust transmission schemes.
2.3 Use cases of interference measurement for coordinated transmission
In the coordinated transmission schemes, multiple interference hypothesis should be considered for the channel and interference measurement. We have demonstrated in our companion contribution [4] that, in addition to ZP CSI-RS, the NZP CSI-RS can also be used for interference measurement (Scheme-2). 
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
Introducing the NZP CSI-RS for interference measurement can reduce the overall CSI-RS resources for channel and interference measurement, since one NZP CSI-RS resource can be used as either channel measurement resource or interference measurement resource, for different interference hypothesis. 

A 3-TRP coordination scheme in general is shown in Figure 1. In this case, a UE can be configured with one CSI-RS resource set for channel measurement (associated with Resource Setting 0), and multiple CSI-RS resource sets for interference measurement (associated with Resource Setting 1). It should be noted that there are CSI-RS resources shared among multiple resource sets for interference measurement. Once the NZP/ZP CSI-RS resources as IMR are separated into multiple resource sets, each one of the CSI-RS resource sets corresponds to one interference hypothesis.

Further details can be found in our companion contribution [5] for NCJT coordination scheme.

Proposal 1: For use cases of multiple interference hypotheses, when NZP CSI-RS based interference measurement Scheme-2 is applied, the following configurations should be supported

· For each CSI reporting setting, support two resource settings and two links

· S > 1 CSI-RS resource sets per resource setting for interference measurement

· e.g. S 
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· Ks≥1 CSI-RS resources per CSI-RS resource set

· Ks = 1 for channel measurement

· Ks≥1 for interference measurement
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Figure 1. Configuration for multiple interference hypothesis measurement and reporting
	Table 1. Signaling for channel and interference measurement.

	CSI-RS Configuration

	CSI Reporting Setting
	Resource Setting
	Measurement Setting

	#0
	
	#0
	Resource Set #0 {A}
	link1
	CSI reporting setting#0

	
	CQI/PMI/RI
	
	
	
	Resource setting#0 (Channel measurement)

	
	etc.
	#1
	Resource Set #1 {C D}
	link2
	CSI reporting setting#0

	
	
	
	Resource Set #2 {B D}
	
	Resource setting#1 (Interference measurement)

	
	
	
	Resource Set #3 {D}
	
	


2.3.1 UE reporting for selected hypothesis
As it was shown in Figure 1 and Table 1, when the UE is configured with one NZP CSI-RS (A) for channel measurement, and two NZP CSI-RS (B, C) and one ZP CSI-RS (D) for interference measurement, multiple interference hypothesis are to be measured, where each interference hypothesis corresponds to one CSI-RS resource set. Based on the above assumptions, the UE can be configured to report the CSI for selected interference hypothesis. For instance, one or more measured hypothesis are to be reported, which include the CSI report and the corresponding indicator of the interference hypothesis, i.e. the CSI-RS resource set ID.
Proposal 2: Support the UE reporting for selected interference hypothesis, which includes

· The CSI from the channel measurement and the selected interference measurement

· The indicator of the CSI-RS resource set for the selected interference measurement

2.4 Use cases of interference measurement for non-coordinated transmission
A hybrid NZP and ZP CSI-RS scheme for interference measurement (Scheme-1) has been investigated in [4], where NZP CSI-RS is used for channel measurement, and also for interference measurement by subtracting CSI-RS from received signal. 
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)
For this scheme, a resource pool consisting of 
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resources can be configured. Each resource can be ZP or NZP, and consists of several ports. As it is shown in Figure 2, NZP and ZP resources are linked to resource setting 0 and setting 1, respectively, where resource setting 0 is used for both channel and interference measurement, and ZP is used for interference measurement.

Since the NZP is used for both channel and interference measurement, resource setting 0 should be linked to the reporting setting by two links, one for interference and the other for channel. For the NZP resource, DCI is further used to indicate which port(s) are for channel measurement, and the remaining port(s) are for interference measurement. Resource setting 1 is linked to the reporting setting by one link marked for interference.

Configuring resource setting 0 with two links can reduce DCI overhead. Since the port(s) for channel measurement can be dynamically changed due to, e.g., changing of pairing UE, explicit port(s) indication is needed only for channel measurement, not for interference measurement in DCI.
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Figure 2. Configuration for hybrid NZP and ZP CSI-RS based interference measurement (Scheme-1)
Proposal 3: For use cases of NZP CSI-RS based interference measurement Scheme-1, support the following configuration:

· One resource setting can be linked with one reporting setting by two links: one link for interference measurement, the other link for channel measurement.  

2.5 Use cases for hybrid CSI operation

Current NR agreements provide a much more flexible CSI acquisition framework, which can support broader hybrid operation. A two-stage CSI measurement and reporting mechanism is proposed in [6] for the dynamic spatial dimension reduction (DSDR) transmission strategy. In the first stage, the measurement and reporting is based on the wideband and long-term channel covariance matrices of all the UEs in a UE-group. In the second stage, the measurement and reporting is based on the subband and short-term effective channel in a lower dimension and the corresponding CSI (e.g. RI, PMI, CQI). 
In this regard, as shown in Figure 3, separate CSI reporting settings and Resource settings can be configured to each CSI measurement and reporting stage, whereas the inter-relationship of CSI/CSI-RS related parameters, time/frequency domain behaviors, etc., between two stages can be considered to further reduce the control signaling overhead.
Further details can be found in our companion contribution [7] for hybrid CSI operation.
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Figure 3. CSI acquisition framework configuration for hybrid operation
Proposal 4: For use cases of hybrid CSI operation, the following configurations should be supported

· N = 2 CSI reporting settings, M = 3 resource settings, L = 3 links

3 CSI-RS resource configuration details

3.1.1 Configuration for CSI acquisition/beam management with shared CSI-RS resources

It was agreed that one resource setting includes at least one CSI-RS resource set for beam management. The number of beams for sweeping can be dynamically determined based on the previous beam sweeping result and channel variation, so dynamic selection on aperiodic CSI-RS resources can be considered. To constrain the DCI overhead of dynamic resource selection, it is beneficial to consider pre-partitioning of all CSI-RS resources into multiple sets in one resource setting and DCI selects a certain resource set, each set corresponding to a candidate of resource selection.
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Figure 4. Multiple CSI-RS resource sets for dynamic CSI-RS resource selection

As shown in Figure 4, a UE is configured with 12 CSI-RS resources, and from which more than one resources are to be dynamically selected for CSI acquisition. In this case, 12 bits are required to support fully dynamic selection of one or more resources from the pool. It is obvious that by configuring 4 resource sets, 2 bits are sufficient for choosing the CSI-RS resources required.

Proposal 5: For DL beam management (BM) use cases with large number of CSI-RS resource sharing, the following configurations should be supported

· S > 1 CSI-RS resource sets per resource setting

· e.g. S 
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· Ks≥1 CSI-RS resources per CSI-RS resource set

· e.g. Ks can be greater than 8 for BM

3.1.2 CSI-RS resource/set activation mechanism
It has been agreed in previous meetings that for aperiodic CSI-RS transmission, DCI triggering is supported. Since there may be a pool of CSI-RS resources to be configured to a UE, the resource selection solely depends on DCI will incur unaccepted signaling overhead. For example, as suggested above, a very large number of bits are required to support fully dynamic selection of one or more resources from the pool. In this regard, it is reasonable to introduce additional mechanism for reducing the signaling overhead while guarantee the flexibility of dynamic selection.

For more than one CSI-RS resources/resource sets, one approach is to first conduct activation/deactivation of a subset of the resources or resource sets via MAC CE, and then use DCI to select from the subset. On the one hand, the MAC CE approach for resources down selection generally restricts the available candidates for the follow-up resource selection, and thus reduces the DCI overhead for dynamic resource selection. On the other hand, when it comes to the use cases where all the resources within a resource set are to be measured, such as the CSI-RS resource set based interference hypothesis as suggested in Sec. 2.3, it is beneficial to directly trigger the resource set, without the MAC CE down selection of resources. Moreover, since 
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 CSI-RS resource sets is sufficient for most use cases discussed above, 2 bits are sufficient for resource set triggering without much burden on the signaling overhead.

Proposal 6: For dynamic signaling of aperiodic CSI-RS resource set, support the following option

· When all the 
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 resources within a CSI-RS resource set are to be triggered, use RRC + DCI, where DCI is for indicating the selected CSI-RS resource set.

Semi-persistent CSI-RS consists of multiple shots of RS, which occupy multiple time/frequency resource in multiple subframes. Therefore, if the activation signaling of semi-persistent CSI-RS is missed by UE, valuable time/frequency resource will be wasted since CSI-RS are transmitted by gNB for no purpose. If the deactivation signaling is missed by UE, valuable power resource of UE will be wasted since UE will measure “CSI-RS” in subframes where no CSI-RS is transmitted. Therefore, reliability should be guaranteed for the activation/deactivation signaling of semi-persistent CSI-RS.

Compared to the DCI based signaling, MAC CE based signaling is a reliable and efficient way to activate/deactivate the semi-persistent CSI-RS. Since ACK/NACK feedback is provided for MAC CE transmission, gNB is aware of whether UE has detected the signaling or not, and thus guaranteeing the reliability.
Proposal 7: For semi-persistent CSI-RS transmission, support MAC CE for CSI-RS resource(s)/resource set(s) activation/deactivation.
4 Conclusions

This contribution discussed the further details of CSI acquisition and beam management framework. The proposals are summarized as follows:
Proposal 1: For use cases of multiple interference hypotheses, when NZP CSI-RS based interference measurement Scheme-2 is applied, the following configurations should be supported

· For each CSI reporting setting, support two resource settings and two links

· S > 1 CSI-RS resource sets per resource setting for interference measurement

· e.g. S 
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· Ks≥1 CSI-RS resources per CSI-RS resource set

· Ks = 1 for channel measurement

· Ks≥1 for interference measurement

Proposal 2: Support the UE reporting for selected interference hypothesis, which includes

· The CSI from the channel measurement and the selected interference measurement

· The indicator of the CSI-RS resource set for the selected interference measurement

Proposal 3: For use cases of NZP CSI-RS based interference measurement Scheme-1, support the following configuration:

· One resource setting can be linked with one reporting setting by two links: one link for interference measurement, the other link for channel measurement.  

Proposal 4: For use cases of hybrid CSI operation, the following configurations should be supported

· N = 2 CSI reporting settings, M = 3 resource settings, L = 3 links

Proposal 5: For DL beam management (BM) use cases with large number of CSI-RS resource sharing, the following configurations should be supported

· S > 1 CSI-RS resource sets per resource setting

· e.g. S 
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· Ks≥1 CSI-RS resources per CSI-RS resource set

· e.g. Ks can be greater than 8 for BM

Proposal 6: For dynamic signaling of aperiodic CSI-RS resource set, support the following option
· When all the 
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 resources within a CSI-RS resource set are to be triggered, use RRC + DCI, where DCI is for indicating the selected CSI-RS resource set.

Proposal 7: For semi-persistent CSI-RS transmission, support MAC CE for CSI-RS resource(s)/resource set(s) activation/deactivation.
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