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Introduction
In 3GPP RAN1#88bis [3] and RAN1#89 [4], the following agreements on CSI measurements and reporting were agreed:
	Agreements:
· At least the following additional information should be supported:
· Information related to resource power for channel measurement resource
· Zero power is NOT allowed
· FFS: Information related to resource power for interference measurement resource
· Zero power is allowed.
· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)
· Note: Focus of the bullets above doesn’t apply for resource for rate matching.
· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.
· Including whether CRI is needed for type II CSI
· Detailed design to turn off some of the CSI parameters.

Agreements:
· Semi-persistent CSI reporting is not supported for aperiodic CSI-RS.
· Note: This doesn’t preclude one CSI report carried by multiple UL reporting instances

Agreements:
· At least for full channel reciprocity, support at least the following CSI acquisition scheme based on channel reciprocity in NR 
· Non-PMI feedback
· CSI contains RI and CQI
· CQI depends on RI and PMI which are selected from a codebook (potentially with restriction) but PMI is not fed back.
· FFS UE may also calculate RI and CQI directly with estimated channel, FFS spec impact 
· FFS codebook details, including how to signal
· FFS other schemes (e.g., explicit interference feedback, etc.)

Agreements:
· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes
· Scheme 1 (Baseline for performance comparison): Non-PMI feedback
· Each company states the assumed scheme for non-PMI feedback
· Scheme 2: Partial CSI feedback for gNB to acquire full CSI 
· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) with no reciprocal UL transmission due to the absence of Tx ports corresponding to the Rx ports at UE
· Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI
· For beamformed CSI-RS, precoding matrix is determined from CSI available at base station from SRS transmission
· PMI could be for a linear combination codebook
· Scheme 4: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching
· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)
· Scheme 5: Non-uniform beam sampling on codebook
· Configure different spatial resolutions in different spatial domain by CSR
· Combination of the above schemes can be considered
· Note: both performance and overhead should be considered when comparing the above schemes
· Simulation parameters are provided on slide 4 of R1-1706809 with the following update
· Adding “2Tx2Rx” to “UE antenna configuration”
· Change “2GHz” to “4GHz” in “Carrier frequency”
· Companies describe the assumed UL-DL calibration model, striving for a common model
· Companies are encouraged to provide the simulation results in next meeting

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:
· 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


In this contribution, we discuss CSI measurements and CSI reporting considering various design aspects.
Discussion on CSI reporting for NR
In Rel-13 LTE, both periodic CSI reporting (P-CSI) and aperiodic CSI reporting (A-CSI) methods are provided. While A-CSI reporting provides more concrete information via PUSCH which has larger container, P-CSI provides compact information via PUCCH which is more robust. Compared to existing CSI reporting methods in LTE, semi-persistent CSI reporting (S-CSI) is newly introduced to NR. The main objective of S-CSI is similar to the objective of periodic CSI reporting. However, the degree of benefits is different since S-CSI allows more dynamic signalling. For example, uplink resources to support CSI reporting can be efficiently utilized by using dynamic deactivation when gNB does not need to acquire channel information with the corresponding configuration. Considering the characteristics, design target of P-CSI and S-CSI should be differentiated. Moreover, it should be noted that activation and deactivation via higher layer configuration requires relatively low UE complexity than dynamic activation and deactivation. Given that situation, design target of P-CSI should be providing robust information with minimized UE complexity (e.g. mMTC) while S-CSI provides relatively accurate information with relatively high UE complexity. In order to maximize the benefits of each CSI reporting, following design aspects should with the main objectives of CSI reporting methods:
· CSI content
· CSI reporting procedure
· Activation and configuration signalling.
In this contribution, dual-level CSI-RS structure is considered. A first type, termed level-1 CSI-RS (for non-UE-specific RS use cases) which is composed of K ≥ 1 CSI-RS resources. Each of the K static macro-beams represented by each of the K CSI-RS resources is termed the “coverage beam”. As evident, level-1 CSI-RS are being targeted for the non-UE-specific RS use case for CSI measurement and provides aggregate role of Rel-13 non-precoded (NP) CSI-RS and cell-specific beamformed (BF) CSI-RS. The second level of CSI-RS is analogous to Rel-13 UE-specific BF CSI-RS. Sharing the same characteristics, level-2 CSI-RS can be dynamically beamformed and composed of smaller number of ports than those for the level-1 CSI-RS. More details are given in a companion contribution [5].
1.1 CSI content
Two types of CSI (Type I and Type II CSI) with different spatial resolutions are supported in NR. Between the two types of CSI reporting, Type I feedback supports low spatial resolution feedback. In contrast to Type I feedback, Type II feedback provides enhanced spatial information. In RAN1#89, codebooks for Type I and Type II Cat1 are agreed [4]. Based on the agreed codebook, the payload size for Type II CSI reporting can be estimated to few hundred bits [6]. Considering such overhead, periodic or semi-persistent reporting can be large burden to UE and support of Type II feedback is not appropriate for both S-CSI and P-CSI. 
In legacy LTE, there are multiple CQI feedback types and PMI feedback types. Table 1 summarizes the comparison of supported CQI (wideband CQI, UE selected subband CQI and high layer-configured subband CQI) and PMI (no PMI, single PMI and multiple PMI) feedback types.
Table 1 Summary on CQI and PMI feedback types
	CQI feedback type
	Features
	PMI feedback type
	Features

	Wideband CQI
	- Only one CQI feedback per codeword assuming wideband transmission
- PMI assumption can be one or multiple
- Supported in both periodic and aperiodic CSI
	No PMI
	- CQI feedback assuming SFBC/FSTD
- When eMIMO type is class B, codebook subset restriction based CQI can be provided
- Supported in both periodic and aperiodic CSI

	UE selected subband CQI
	- Multiple CQI feedback per codeword
- UE selects and reports its CSI for preferred subband
- Supported in both periodic and aperiodic CSI
	Single PMI
	- UE selects only one PMI regardless of configured CQI feedback type
- Supported in both periodic and aperiodic CSI

	High layer-configured subband CQI
	- Multiple CQI feedback per codeword
- UE selects and reports its CSI for preferred subband
- Supported only in aperiodic CSI
	Multiple PMI
	- UE selects multiple PMIs regardless of configured CQI feedback type
- Supported only in aperiodic CSI


Among the described CQI feedback types, support of UE selected subband CQI for NR would be redundant feature. In order to report UE selected subband CQI, UE selects one of subband among subband group and calculates its CQI. This subband group is so called as ‘bandwidth parts’. This operation may reduce CSI reporting overhead, but limits the benefits of subband reporting. In contrast to high layer-configured subband CQI in which UE reports PMI/CQI for whole subbands, PMI/CQI is available only for the reported subbands. It is difficult to match gNB’s scheduling requirements and reported subbands and therefore there would be limited gain. Therefore, streamlining UE selected subband CQI for NR would be desirable. It should be noted that UE requires additional overhead to report the position of selected subband among the subband group in UE selected subband CQI.
In A-CSI, supporting both wideband CQI and high layer-configured subband CQI would be beneficial. Each of CQI feedback type has its own benefits. For example, when CSI is reliable, having detailed information for each subband can enhance system performance despite of its reporting overhead. However, when CSI is not reliable (e.g. high mobility or high inter-cell interference), reporting subband CSI would be meaningless. In that sense, supporting both wideband CQI and higher layer-configured subband CQI for NR is preferred.
In both P-CSI and S-CSI, supporting only wideband/partial band CQI with no/single PMI is beneficial. As discussed above, PUCCH supports only limited size of CSI reporting overhead. Considering such aspects, support of higher layer-configured subband CQI would be difficult. Especially for P-CSI, characteristics of Level-2 CSI-RS should be also considered. When gNB transmits Level-2 CSI-RS, transmission beam is already optimized in the large scale channel characteristics since gNB is aware of it via level-1 CSI-RS or SRS. Therefore, difference between calculated subband CQIs is not severe. Also, multiple reporting instances which should be considered to report subband CSIs require to inter-subframe dependency which should be avoided in NR.
In addition to the support of CQI and PMI feedback type, independent configuration of CQI and PMI feedback type should be considered for NR. In Rel-13, for CRS based TMs, PMI feedback type configuration when UE reports its CSI relies on the configured TM (for example, TM3 only supports No PMI). The precoding that is predefined in the specification and indicated by configuration of TM is applied on top of the CRS. Therefore, a UE needs to receive only TM configuration and its CQI feedback type. Compared to CRS based TMs, independent RRC parameter (P-CSI) or explicit mode configuration (A-CSI) to turn on/off PMI/RI reporting is provided for DMRS based TMs. DMRS is more flexible in that the precoding that is applied on it is totally transparent to the UE. Considering such characteristics of DMRS, gNB can indicate its precoded channel without relation to CSI.
Proposals: 
· A-CSI reporting NR should be designed by considering following proposals:
· A-CSI supports both level-1 and level-2 CSI-RS with large CSI-RS ports.
· Support Type I and Type II based feedback.
· Both wideband and subband CQI feedback are supported.
· For PMI feedback type, no PMI/single PMI/multiple PMI are considered.
· P-CSI reporting NR should be designed by considering following proposals:
· Support level-2 CSI-RS transmission with relatively low CSI-RS overhead
· Support only Type I based feedback.
· Consider only wideband/partial band CQI feedback with no PMI/single PMI for P-CSI.
· S-CSI reporting NR should be designed by considering following proposals:
· Support level-2 CSI-RS transmission with relatively low CSI-RS overhead
· Support only Type I based feedback.
· Consider wideband/partial band/subband CQI feedback with no PMI/single PMI/multiple PMI.
1.2 CSI reporting procedure
In NR, two types of PUCCH transmission (short duration and long duration) are supported. While long duration PUCCH supports DFT-S OFDM waveform with 1 or 2 OFDM symbols, short duration PUCCH support CP-OFDM waveform with more than 3 OFDM symbols. While long duration PUCCH provides large container (up to few hundreds of bits) and extended coverage by using repetitions and DFT-S OFDM, short duration PUCCH supports relatively smaller container (up to few tens of bits). In order to effectively utilize resources for P-CSI and S-CSI, both of short and long duration PUCCH transmissions are beneficial. 
For P-CSI, supporting short duration PUCCH can be beneficial considering relatively smaller overhead. In contrast to P-CSI, supporting more complex CSI report (e.g. subband CQI with multiple PMI) for S-CSI is beneficial since S-CSI supports more flexible resource utilization via dynamic activation/deactivation. Considering such aspects, supporting long duration PUCCH for S-CSI should be supported to ensure relatively large container with high reliability. Considering the payload size of short duration PUCCH, following limitation on allowed configuration in Resource setting and CSI reporting Setting should be considered as follows:
· Limitation on number of CSI-RS ports in Resource setting: Large number of CSI-RS ports requires high PMI reporting overhead due to narrow beamwidth of large number of antenna ports. In order to reduce PMI overhead, applying antenna virtualization of TXRUs for short duration PUCCH can be one possible option for short duration based PUCCH reporting.
· Support of port selection codebook based on beamformed CSI-RS: When gNB has acquired prior channel information from UE (e.g. from aperiodic CSI report), UE-specific CSI-RS transmission (one analogous to Class B K=1 LTE) is a good alternative to reduce PUCCH reporting overhead. In this case, UE needs to report only RI, PMI based on beam selection codebook and CQIs.
· CRI reporting without PMI: Other possible option for short duration PUCCH would be CSI-RS resource selection based on multiple 1 port CSI-RS resources. Instead of PMI reporting which requires large PMI overhead, CRI reporting can provide robust information of channel quality. As well as CQI report, L1 RSRP can be considered when monitoring of large number of beam is required. 
Based on the above discussion, proposals can be summarized as follows:
Proposals: 
· Long duration PUCCH based CSI report shall be supported for S-CSI.
· Short duration PUCCH based CSI report shall be supported for P-CSI.
· Considering the payload size of short duration PUCCH, consider following limitation:
· Limitation on number of CSI-RS ports in Resource setting.
· Support of port selection codebook based on beamformed CSI-RS.
· CRI reporting without PMI.
1.3 Activation of S-CSI and triggering of A-CSI
For the activation of reporting configurations, DCI and/or MAC CE based activations are agreed in 3GPP RAN1 NR Ad-Hoc [2]. The main difference lies in the trade-off between decoding latency and error protection. That is, MAC CE provides better protection from error, however, the message incurs higher latency since it involves MAC layer. In contrast to MAC CE based activation and deactivation, DCI allows dynamic activation and deactivation with lowest latency, but may induce issues such as collision of UE reports when misdetection of activation or deactivation signalling occurs. Considering such benefits and drawbacks of DCI and MAC CE, multi-level signalling of activation and deactivation is proposed as shown in Figure 2. 
Figure 2 Exemplary operation of multi-level activation/deactivation for S-CSI
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As provided in Figure 2, gNB can activate or deactivate UE’s reporting candidates via MAC CE. Based on the candidate activation/deactivation, UE can receive DCI based indication for actual reporting activation and deactivation. Since relatively lower number of candidates can be activated by MAC CE, impact of misdetection can be minimized into limited resources. Moreover, resources for CSI reporting can be minimized since DCI signalling allows dynamic activation and deactivation with minimum latency. Considering such benefits, it is preferred to support multi-level activation and deactivation for S-CSI. Moreover, it should be noted that multi-step activation/deactivation also can be beneficial for semi-persistent CSI-RS as provided in our companion contribution [6]. 
When UE receives DCI based activation and deactivation for S-CSI, A-CSI for confirmation of activation/deactivation can be considered. When A-CSI and S-CSI support identical DCI format, resource allocation bits may not be useful when UE receives activation/deactivation signalling. However, resource allocation bits can be used for confirmation of S-CSI. If UE reports A-CSI when UE receives activation/deactivation signalling, gNB can realize the misdetection of activation/deactivation signalling. 
Proposals: 
· For the activation and deactivation of CSI, multi-level signalling should be supported.
· Common DCI format can be used for triggering of A-CSI and activation/deactivation of S-CSI.
· A-CSI can be used to provide confirmation signalling of activation/deactivation.
Conclusions
In this contribution, design of CSI reporting and interference measurement are discussed considering various design aspects and our proposals can be summarized as follows:
Proposals: 
· A-CSI reporting NR should be designed by considering following proposals:
· A-CSI supports both level-1 and level-2 CSI-RS with large CSI-RS ports.
· Support Type I and Type II based feedback.
· Both wideband and subband CQI feedback are supported.
· For PMI feedback type, no PMI/single PMI/multiple PMI are considered.
· P-CSI reporting NR should be designed by considering following proposals:
· Support level-2 CSI-RS transmission with relatively low CSI-RS overhead
· Support only Type I based feedback.
· Consider only wideband/partial band CQI feedback with no PMI/single PMI for P-CSI.
· S-CSI reporting NR should be designed by considering following proposals:
· Support level-2 CSI-RS transmission with relatively low CSI-RS overhead
· Support only Type I based feedback.
· Consider wideband/partial band/subband CQI feedback with no PMI/single PMI/multiple PMI.
· Long duration PUCCH based CSI report shall be supported for S-CSI.
· Short duration PUCCH based CSI report shall be supported for P-CSI.
· Considering the payload size of short duration PUCCH, consider following limitation:
· Limitation on number of CSI-RS ports in Resource setting.
· Support of port selection codebook based on beamformed CSI-RS.
· CRI reporting without PMI.
· For the activation and deactivation of CSI, multi-level signalling should be supported.
· Common DCI format can be used for triggering of A-CSI and activation/deactivation of S-CSI.
· A-CSI can be used to provide confirmation signalling of activation/deactivation.
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