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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the previous meetings (RAN1 #87~RAN1 #88), a CSI acquisition framework was agreed. A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links. Each of the L links in the CSI measurement setting includes CSI reporting setting indication, Resource setting indication and the quantity to be measured (either channel or interference).  
In the resource setting, it was agreed that:
· NR supports ZP CSI-RS based interference measurement for CSI feedback
· Note: this support is not transparent to specification
· FFS the case of DM-RS & NZP CSI-RS based interference measurement for CSI feedback
· Whether to support one of them or both
· Whether the support is transparent to specification or not
And also:
Study further activation mechanism (selecting N out of K NZP/ZP CSI-RS resources or resource sets, including joint trigger vs. separate triggers for resources, IMR, and/or reporting setting, reliability/latency associated with the activation, etc.) and the associated details (e.g., impact on DCI signaling, etc.) for aperiodic (AP) and semi-persistent (SP) CSI-RS
In the reporting setting, it was agreed that: 
In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
[bookmark: _Ref129681832]In this contribution, we give analysis on CSI acquisition based on the agreed CSI framework. We first analyze the CSI framework with regards to interference measurement resources and CSI reporting overhead reduction. This CSI framework can also be applied in multiple-TRP scenario with more considerations on CSI acquisition configurations. 
Further Analysis on the CSI framework
Interference measurement resource 
In the resource setting configuration, at least one resource setting for interference measurement is configured. The current agreement supports ZP CSI-RS for interference measurement. Apart from ZP CSI-RS resource, NZP CSI-RS resource is also worth being supported, especially with the use case of coordinated transmission schemes to reflect multiple measurement hypotheses with less configuration overhead than using only ZP CSI-RS for interference measurement.
2.1.1 NZP CSI-RS resource 
· NZP CSI-RS to reflect multiple measurement hypotheses
In the joint transmission coordination, inter-layer interference would happen when different layers are transmitted from different TRPs. In this case, an NZP CSI-RS resource can be configured to measure the channel from the coordinated TRP together with the precoding matrix, and the measurement results over the NZP CSI-RS resource can be used as inter-layer interference [4]. The precoding matrix over the NZP CSI-RS resource can reflect different interference hypotheses. The most matched precoding matrix corresponds to the strongest interference while the less matched one corresponds to a weaker interference. Precoding matrix selection can be configured for one NZP CSI-RS resource in order to perform CSI measurement under different interference hypotheses. The NZP CSI-RS resource as well as ZP CSI-RS can be included in the resource setting linked with an interference link. Such configuration can be seen in Figure 1.

              
Figure 1. NZP and ZP CSI-RS in one resource setting for interference measurement.
· A unified RS configuration framework for interference measurement
As mentioned above, NZP CSI-RS can reflect multiple hypotheses, which is important for coordinated transmission scheme and MU MIMO scenario. Since one ZP CSI-RS can only correspond to one interference hypothesis, the overhead of ZP CSI-RS can be very large if the interference from multiple potential pairing UEs need to be estimated. For keeping low overhead, all UE’s NZP CSI-RS may be aligned in the same resource. Each UE acquires the channel and then subtract it from the received signal to get the interference information. In this way, a significant RS overhead reduction is achieved. However, when the interference on the NZP CSI-RS is strong, the channel and interference estimation accuracy will degrade. 
To handle this issue, a joint usage of ZP CSI-RS and NZP CSI-RS is proposed. An example is shown in Figure 2, a resource pool that consists of NZP and ZP CSI-RS can be configured. This resources in this resource pool can be related to two resource settings, one with NZP CSI-RS and one with ZP CSI-RS. The NZP CSI-RS can be used for channel measurement, and it can also be further used for interference measurement by subtracting the desired signal based on the channel measurement. Therefore, the NZP CSI-RS can be linked to a reporting setting by two links, one for interference and one for channel. Therefore, the NZP CIS-RS can be shared for channel and interference measurement.  


Figure 2 Resource pool that includes both NZP resource and ZP resource
The resource pool can be further shared among multiple UE. One resource used for channel estimation for one UE can be used for interference estimation for another UE. Therefore, the power level (i.e., ZP or NZP) of each resource can be dynamically indicated to UE for aperiodic/semi-persistent CSI reporting. An example is show in Figure 3 (left), where a resource pool comprising of port 0~port 3 is configured and shared by three UEs.  For UE1 who suffers from the strong interference from UE2 and the weak interference from UE3, its resource setting 1 that consists of port 0&1 is NZP, while  resource setting 2 that consists of port 2&3 is ZP. The resource setting 1 is used to obtain the channel and UE3’s interference and resource setting 2 is to obtain the strong interference from UE2. For UE2, the resource setting that consists of port 0&1 is configured for ZP to obtain the interference from both UE1 and UE3, and resource setting that consists of port 2&3 is NZP to get channel. 

  [image: ]
Figure 3. (left) Joint usage of ZP CSI-RS and NZP CSI-RS, (right) Unified resource setting.
[bookmark: _GoBack]This joint usage of ZP CSI-RS and NZP CSI-RS provides a unified RS framework for interference measurement, since it can fallback to pure ZP CSI-RS or pure NZP CSI-RS scheme, which can be achieved by a flexible configuration of the ratio of NZP to ZP CSI-RS resource in the RS pool. For example, for TDD systems, the configured ZP/NZP CSI-RS can be used for interference measurement only, since channel can be measured based on SRS. In this case, pure ZP/NZP CSI-RS can be configured if interference is strong/weak. For FDD systems, more ZP CSI-RS can be configured to avoid the channel estimation accuracy degradation when interference is strong, and more NZP CSI-RS can be configured when the inference is relatively weak. In this way, a flexible trade-off between RS overhead and interference reduction can be achieved.
For the resource pool configuration, a first level signaling like higher layer signaling can be used to configure the multiple CSI-RS resources. For aperiodic/semi-persistent interference measurement resources, L1/L2 signaling can further inform UE which resources are NZP and which are ZP within the resource pool. 
Proposal 1: Interference measurement resources in NR shall consider multiple types of CSI-RS for interference measurement at least including NZP CSI-RS and ZP CSI-RS resources. NR should define associated UE measurement behavior accordingly. 
Proposal 2: NR should support configurable joint usage of ZP CSI-RS and NZP CSI-RS to provide a unified framework for interference measurement. 
Proposal 3: Higher layer configures a RS resource pool consisting of multiple CSI-RS resources, and the L1 signaling further inform UE which resources are NZP CSI-RS and ZP CSI-RS within the RS resource pool.
· Prescheduling mechanism based on NZP CIS-RS for interference measurement
The CSI measurement accuracy may suffer from the channel misalignment between CSI measurement and scheduled PDSCH. Pre-scheduling is the technique that aligns the transmission of all UEs’ signal to mimic the scheduling in the subframe prior to actually being scheduled. It provides the possibility that the UE can obtain the interference in advance that the UE will suffer in the subsequent subframe to be actually scheduled. Therefore, the CSI can reflect the real interference that scheduled PDSCH experiences. To measure the real interference based on pre-scheduling, dynamic indication of aperiodic interference measurement resource should be supported in NR. 
Proposal 4: Dynamic indication of aperiodic interference measurement resources for interference measurement should be supported.
2.1.2 Other possible interference measurement resources
Coordination would help to mitigate cross-link interference (CLI) in dynamic TDD (D-TDD) for more precise interference measurement in CSI acquisition. Coordination can help to configure RS configurations to TRP, or configure RS configurations to UE, or exchange signals between TRPs. Specifically speaking, the CLI consists of TRP-to-TRP CLI as DL-to-UL interference and UE-to-UE CLI as UL-to-DL interference [5]. For both of them, coordination would help to measure the interference. For the TRP-to-TRP CLI, since TRPs may have stable positions and may mainly have LOS paths, relatively sparse RS in both time-domain and frequency-domain would help. The already existed RS may be utilized. Such as a TRP configures a CSI-RS resource setting and sends it to a neighbor TRP. The neighbor TRP would detect the CSI-RS and get the channel information between TRPs. Coordination between TRPs can exchange signals and the exchanged signals can also help to cancel TRP-to-TRP CLI. For the UE-to-UE CLI, network coordination would configure RS configuration to an UE for the reception of the RS from the interfering UE. To include the possibilities when dealing with interference measurement in different scenarios, other resource possibilities than ZP CSI-RS or NZP CSI-RS should not be precluded for interference measurement. 
Feedback overhead reduction
In the reporting setting, the CSI parameter can be configured as reported or not reported. It might also be possible that a set of CSI, including RI, PMI and CQI, may not be reported, such as in the coordinated scheduling schemes, where the set of CSI represents relatively weak interference from coordinated TRP, while other CSIs are reported with parameters as required. Under such circumstances, the reporting setting should support a CSI measurement to be non-reported so as to have adjustable CSI report overhead. In this case, UE controlled down selection for CSI report would feedback a flexible number of CSI reports compared to a configured number of CSI reports controlled by the network. The UE controlled CSI report would be beneficial for CSI report overhead reduction. However, it may require extra indication to be reported for the CSI reports. 
Proposal 5: CSI report down selection by UE can be considered for CSI feedback overhead reduction. 
CSI acquisition in multiple-TRP scenario
Measurement hypothesis
To enable the CSI framework in various scenarios, a CSI framework which can meet both of the requirements in single-TRP scenario and multiple-TRP scenario is preferred. The main requirement for the CSI framework is to enable the CSI measurement under at least one measurement hypothesis, where the measurement hypothesis includes signal hypothesis and interference hypothesis.  Based on the agreed CSI framework, multiple measurement hypotheses can be reflected by multiple links. Or the resource selection from the resource settings can also result in CSI measurements under different measurement hypotheses. 
· Method 1: Multiple links reflecting measurement hypothesis
Links can be RRC-configured and one or more of the links can be selected through configuration of the resource setting(s) and reporting setting(s). In order to measure the three measurement hypotheses in Figure 4, a configuration as an example is shown in Figure 5. Inside the CSI measurement setting, at least one link for channel measurement and at least one link for interference measurement are configured for each measurement hypothesis. This method configures one resource in each resource setting. Therefore, it would configure a large number of links and would expect less RRC reconfigurations due to the associated cost and latency.  However, with a dynamically changing network, the reconfiguration of RRC may be inevitable. In the current CSI framework, the link would update once the resource setting is updated. In this way, a large RRC-configuration would be required with every possible link configuration in RRC level in advance, which may be difficult for a dynamically changing network. 
[image: ]
Figure 4. Measurement hypotheses with three TRPs



	Figure 5. Multiple links to reflect measurement hypotheses. 
· Method 2: Resource selection from resource setting reflecting measurement hypothesis
Measurement hypotheses can also be reflected by selecting resources from the resource setting. In the Figure 6, each of the resource setting includes more than one resource. With a relaxed number of RRC configurations, two links in minimum can meet the requirement to form multiple measurement hypotheses, as shown in Figure 6. One resource out of the K configured resources in one resource setting would reflect one signal hypothesis/ one interference hypothesis. In this way, resource settings for channel and interference measurement separately can be configured in RRC configuration. 


Figure 6. Resource selection from resource settings to reflect measurement hypotheses. 
· Comparison between the two above methods
When measuring CSIs under different measurement hypotheses, assume the reporting setting is set to an unchanged setting #0 for simplicity of discussion. The reporting setting would include the reporting parameters such as time-domain behavior and frequency-domain behavior. The RRC configurations and corresponding configuration selection in method 1 and method 2 are shown in Table 1 and Table 2 respectively. 
Table 1. RRC configuration and selection for method 1
	RRC configuration
	Configuration selection

	Resource setting #0:  NZP1
	Reporting setting #0
	Link #0(#0,#0,channel)
	Resource setting #2 & #3
Reporting setting #0

	Resource setting #1:  ZP1
	Reporting setting #0
	Link #1(#1,#0,interference)
	

	Resource setting #2:  NZP2
	Reporting setting #0
	Link #2(#2,#0,channel)
	

	Resource setting #3:  ZP2
	Reporting setting #0
	Link #3(#3,#0,interference)
	

	Resource setting #4:  NZP3
	Reporting setting #0
	Link #4(#4,#0,channel)
	

	Resource setting #5:  ZP3
	Reporting setting #0
	Link #5(#5,#0,interference)
	



Table 2. RRC configuration and selection for method 2
	RRC configuration
	Configuration selection

	Resource setting #0: NZP1, NZP2, NZP3
	Reporting setting #0
	Link #0(#0,#0,channel)
	Resource setting #0 & #1
Reporting setting #0
Resource selection in #0:  NZP2
Resource selection in #1:  ZP2

	Resource setting #1:  ZP1, ZP2, ZP3
	Reporting setting #0
	Link #1(#1,#0,interference)
	


Both of the Table 1 and Table 2 can measure three measurement hypotheses for Figure 4 where each signal hypothesis corresponds to the channel from one TRP. In RRC configuration, method 1 has 1 resource in 1 resource setting while method 2 has more than 1 resource in 1 resource setting. Method 1 would have at least 6 links corresponding to 6 resource settings, while method 2 only has 2 links corresponding to 2 resource settings. Assuming signal hypothesis from TRP2 is wanted, the configuration selection shows that method 2 needs resource selection out of the resource setting apart from resource setting selection and reporting setting selection. Therefore, for the overhead comparison between them, method 1 and method 2 would have similar overhead for configuration selection. However, they have quite different overhead for RRC configuration.  
The RRC configuration overhead relates to RRC reconfiguration overhead. For example, if reporting setting is changed to another setting, such as reporting setting #1, the reconfigured link number for method 1 is 6. The reconfigured link number for method 2 is 2.  If more resources are required, such as when the coordination set gets enlarged, method 1 would have an increasing resource setting number as well as the link number. Method 2 may still have link #0 and link #1 as long as the required resources are all configured in resource setting #0 and resource setting #1.  Therefore, method 1 would have higher RRC reconfiguration cost compared to method 2.  
Proposal 6: Less resource settings are preferred when reflecting measurement hypotheses in the consideration of fewer configurations overhead.
Limited coordination
Limited coordination may suffer from backhaul delay. It may also suffer from possible independent resource scheduling of the coordinated TRPs which may cause possible resource overlapping. The backhaul delay mainly affects the CSIs exchanging and scheduling results exchanging between coordinated TRPs. The independent resource scheduling would affect the demodulation performance. The agreed CSI framework can support both of the coordination and limited coordination as long as the CSI reports can reflect different measurement hypotheses by the CSI framework.  
Observation 1: Current CSI acquisition framework can be flexibly applied to both coordination and limited coordination.  
In limited coordination, performance degradation would be caused by possible resource overlapping from coordinated TRPs. The degradation can be mitigated by pre-defined non-overlapping resource allocation for the coordinated TRPs. For a better case, if UE has superior capability, the system performance may also be promising [6]. Under such solutions, the CSI acquisition may be able to assume the overlapping resource may have little impact to system performance. Therefore the number of interference hypotheses can be reduced assuming no interference from coordinated TRP. In consequences, the CSI report overhead can be reduced.  
Observation 2: The number of measurement hypotheses can be reduced significantly if interference measurement coordination is not needed.
Conclusions
In this contribution, we propose that: 
Proposal 1: Interference measurement resources in NR shall consider multiple types of CSI-RS for interference measurement at least including NZP CSI-RS and ZP CSI-RS resources. NR should define associated UE measurement behavior accordingly. 
Proposal 2: NR should support configurable joint usage of ZP CSI-RS and NZP CSI-RS to provide a unified framework for interference measurement. 
Proposal 3: Higher layer configures a RS resource pool consisting of multiple CSI-RS resources, and the L1 signaling further inform UE which resources are NZP CSI-RS and ZP CSI-RS within the RS resource pool.
Proposal 4: Dynamic indication of aperiodic interference measurement resources for interference measurement should be supported.
Proposal 5: CSI report down selection by UE can be considered for CSI feedback overhead reduction. 
Proposal 6: Less resource settings are preferred when reflecting measurement hypotheses in the consideration of fewer configurations overhead.
Observation 1: Current CSI acquisition framework can be flexibly applied to both coordination and limited coordination.  
Observation 2: The number of measurement hypotheses can be reduced significantly if interference measurement coordination is not needed.
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