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In 3GPP RAN1 NR #1 [3], RAN1#89 [6] and RAN1 NR #3 [7], the following agreements and working assumption on CSI framework and channel/interference measurements were agreed: 
	Agreements:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· 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 corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· 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
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering

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

Working assumption:
· Support at least NZP CSI-RS based interference measurement 
· select at least one of following scheme
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· Aim to conclude whether to support one of them or both in the next RAN1 meeting
· FFS whether or not to support signaling of power boosting for NZP CSI-RS
· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting
· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)

Agreements:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM


In this contribution, we discuss about channel and interference measurements for NR. 
Reference signal for interference measurement
1 
2 
In RAN1#88 [3] and RAN1#89 [5], ZP CSI-RS and NZP CSI-RS based interference measurements for CSI feedback is agreed. There are two possible schemes for NZP CSI-RS based interference measurement as provided in the introduction. In Scheme-1, gNB allocates multiple CSI-RS resources in the identical NZP CSI-RS configuration with different scrambling identity. In the configured resource, gNB transmits multiple signals and UE can measure inter- and intra-cell interference by extracting its own signal. Due to the extraction, the resource can be shared to multiple UEs to measure the inter- and intra-cell interference. In addition to sharing resources, it may provide more accurate CSI compared to ZP CSI-RS based measurement since it allows port level interference channel measurements. 
In contrast to Scheme-1, Scheme-2 supports NZP CSI-RS based measurement to generate emulated interference. In this scheme, UE can emulate multiple interference hypotheses based on predefined or configured without increasing additional NZP CSI-RS overhead. Considering such aspect, this approach can provide performance benefits when CSI is used for the multi-TRP and multi-user scenarios. However, Scheme-2 has several drawbacks. In order to support Scheme-2 based interference measurement, precoding information should be fixed or indicated to UE. For the fixed precoding case, interference measurement will not be dynamic and such measurement will not provide any benefit for multiple interference hypotheses. If dynamic indication for Scheme-2 is supported, multiple interference hypotheses can be supported, but indication signaling overhead will be large. Moreover, power boosting of NZP CSI-RS also should be considered. In real network, gNB can apply power boosting on NZP CSI-RS transmission to enhance channel estimation performance. In order to support such operation in LTE, configuration of PC is provided to reflect the power difference between NZP CSI-RS and PDSCH transmission. Similar to NZP CSI-RS transmission in LTE, power boosting of NZP CSI-RS may cause inaccuracy in interference measurement. 
In RAN1 NR #3 [7], additional agreements on NZP CSI-RS based interference were made. During the discussion, two alternatives are discussed. Alt.1 is to support channel and interference measurement within a resource. Among the CSI-RS port within a resource, some ports can be used for channel measurement while other ports can be used. In contrast to Alt. 1, Alt. 2 is to support independent resource(s) for channel and interference measurement, respectively. In the sense of functionality, there’s no big difference between Alt. 1 and Alt. 2, however, resource for channel and interference measurement should be independent according to the CSI framework which is agreed in RAN1 NR #1. Considering such aspects, Alt. 2 should be supported for NZP CSI-RS based interference measurement. In addition, dynamic change of resource/port measurement type (channel/interference measurement) should not be supported since quantity to be measured (either channel or interference) should be based on RRC according to the agreements. 
In contrast to NZP CSI-RS based interference measurements, ZP CSI-RS based interference measurement is targeted to measure inter-cell interferences with minimum overhead. However, it also provides quite flexible interference measurement since the network can project any interference on the ZP CSI-RS REs. For example, the network could project multi-user interference on the ZP CSI-RS REs such that the UEs generate CSI while taking into account multi-user interference.
Moreover, NR supports measurement restriction on the time interval over which interference measurement is taken on. Therefore, it is possible for the gNB to know which interference projection was taken into account when a UE makes a CSI report. Based on the measurement restriction, multiple interference hypothesis can be considered for beam based transmission and multi-user spatial multiplexing. Furthermore, gNB can reduce ZP CSI-RS resource overhead based on aperiodic ZP CSI-RS measurements. In order to consider multiple interference hypothesis based on ZP CSI-RS, multiple ZP CSI-RS resource configuration can be considered. Figure 1 shows an example of multiple ZP CSI-RS based IMR configuration and corresponding reporting example.
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[bookmark: _Ref446632390][bookmark: _Ref446632384]Figure 1 Example of multiple IMR configuration and corresponding reporting
In this example, 3 ZP CSI-RS based IMRs are considered within a CSI process. For each CSI reporting, eNB can configure different combination of IMRs. If we assume 4 UEs and eNB transmit interference for UE 2, 3 and 4 for each IMR1, IMR2 and IMR3, then UE can measure inter-user interference with different MU hypothesis with different combination of aggregated IMR resources. Based on the possible combinations of IMR, this scheme can support provide various MU hypotheses with small number of ZP CSI-RS overheads.  
Observations: 
· For NZP CSI-RS based interference measurement, 
· Scheme-1 (interference measurement by subtracting NZP CSI-RS from Rx signal) can provide performance benefits since interference measurement resources can be shared to multiple UEs to measure the inter- and intra-cell interference.
· Benefits of Scheme-2 (Emulation on NZP CSI-RS) are doubtful due to lack of interference hypotheses, precoding information signalling overhead and CSI-RS power boosting. 
· According to the agreements on CSI framework, 
· Alt. 2 (separately configured CSI-RS resources for channel and interference measurement) is more suitable. 
· RRC based quantity indication (either channel or interference) should be supported.
· For ZP CSI-RS based interference measurement, multiple resource configurations can provide to support multiple interference hypotheses.
Proposals:
· Support Scheme-1 (interference measurement by subtracting NZP CSI-RS from Rx signal) based interference measurement for NZP CSI-RS based interference measurement. 
· Support Alt. 2 (separately configured CSI-RS resources for channel and interference measurement) for NZP CSI-RS based measurement. 
· Dynamic measurement type (either channel or interference) shall not be supported in NR. 
· Support multiple resources for ZP CSI-RS based IMR.
Support of MR and measurement subset 
In Figure 2, exemplary interference scenario for NR is illustrated.
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Figure 2 exemplary interference scenarios in NR
Main difference of interference characteristics between LTE and NR would be domain for interference hypothesis change. While interference hypothesis only changes in time domain in LTE (e.g. eICIC, eIMTA and FD-MIMO), interference hypothesis in NR may change in both time and frequency domain. Therefore, independent measurement and information for both time and frequency would be required. In 3GPP RAN1#86bis [2], two types of interference measurement schemes are identified.
First type of interference measurement scheme is measurement restriction. When UE supports measurement restriction, UE only takes into account interference in the reference resource. In this scheme, UE should not average interferences between two reference resources. The size of measurement window for the reference resource can be fixed or configurable. For the fixed size of measurement window, one specified granularity (e.g. one subframe or subband) can be defined as well as Rel-13 FD-MIMO. Such fixed size can relieve UE hardware complexity for interference measurement. In contrast to fixed size of measurement window, configurable size can provide relatively higher estimation performance due to the larger number of samples with relatively increased UE complexity.
For measurement subset (i.e. support of eICIC in both time and frequency domain), higher layer configuration should be provided for the configuration of measurement resource group. In this scheme, subsets of time and frequency resources can be grouped into one resource and interference measurement can be done. Additionally, additional specific configuration for each group can be provided (e.g. independent interference measurement resource and codebook subset restriction).
For time domain measurement, both measurement restriction and measurement subset are beneficial. Measurement restriction can provide independent interference measurement and information with less UE complexity. Additional reporting overhead is not needed since only difference between using measurement restriction or not is size of measurement window. Compared to measurement restriction, time domain measurement subset requires more UE implementation complexity and configuration overhead, but, it provides more accurate and optimized information. Considering such aspects, benefits of measurement restriction and measurement subset can be different considering possible use cases. For example, measurement restriction is more suitable for frequently changing and relatively larger number of interference hypothesis such as interference per beam and multi-user interference. Compared to measurement restriction, measurement subset is beneficial when UE is required to measure static and relatively smaller number of interference hypothesis such as ABS/non-ABS subframes.
However, the situation is different for frequency domain measurement. The interference due to multiplexed service is more similar to static case than frequently changing interference hypothesis. Based on prior knowledge of service allocation, gNB can configure subsets of measurement resources in the frequency domain with optimized configuration. For reporting overhead aspects, measurement restriction does not have benefits since only one fixed or configured granularity should be used for the interference measurement. For frequency domain measurement restriction, measurement window should be equal or smaller than minimum size of allocated bandwidth for each service. Considering such aspects, reporting overhead can be larger than measurement subset. 
Observations: 
· In time domain interference measurement, benefits for two types of interference measurement schemes are different to the use cases.
· For frequently changing and relatively larger number of interference hypothesis, measurement restriction is beneficial. 
· For static and relatively smaller number of interference hypothesis, measurement subset is beneficial. 
· In NR, multiplexed services induce static interferences with relatively low number of interference hypothesis. 
Proposals: 
· Provide independent interference measurement and information in time and frequency domain.
· Support measurement subset in both time and frequency domain.  
Conclusions
In this contribution, channel and interference measurement for NR is discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· For NZP CSI-RS based interference measurement, 
· Scheme-1 (interference measurement by subtracting NZP CSI-RS from Rx signal) can provide performance benefits since interference measurement resources can be shared to multiple UEs to measure the inter- and intra-cell interference.
· Benefits of Scheme-2 (Emulation on NZP CSI-RS) are doubtful due to lack of interference hypotheses, precoding information signalling overhead and CSI-RS power boosting. 
· According to the agreements on CSI framework, 
· Alt. 2 (separately configured CSI-RS resources for channel and interference measurement) is more suitable. 
· RRC based quantity indication (either channel or interference) should be supported.
· For ZP CSI-RS based interference measurement, multiple resource configurations can provide to support multiple interference hypotheses.
· In time domain interference measurement, benefits for two types of interference measurement schemes are different to the use cases.
· For frequently changing and relatively larger number of interference hypothesis, measurement restriction is beneficial. 
· For static and relatively smaller number of interference hypothesis, measurement subset is beneficial. 
· In NR, multiplexed services induce static interferences with relatively low number of interference hypothesis. 
Proposals:
· Support Scheme-1 (interference measurement by subtracting NZP CSI-RS from Rx signal) based interference measurement for NZP CSI-RS based interference measurement. 
· Support Alt. 2 (separately configured CSI-RS resources for channel and interference measurement) for NZP CSI-RS based measurement. 
· Dynamic measurement type (either channel or interference) shall not be supported in NR. 
· Support multiple resources for ZP CSI-RS based IMR.
· Provide independent interference measurement and information in time and frequency domain.
· Support measurement subset in both time and frequency domain.  
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