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Introduction
In RAN1 NR-AH and RAN1#88, the following agreements on CSI framework were made [1]: 
	Agreements:
· 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

Agreements:
· At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting
· FFS details 

Agreements:
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.
· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources
· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources
· The number of ports for long-term and short-term CSIs can be the same or different
· Contents of the CSI report are FFS
· This is achieved without introducing new features into the agreed upon CSI acquisition framework



In this contribution, further refinement related to the highlighted parts is discussed in the following section
1. Measurement setting
2. Resource setting
3. CSI reporting setting
4. Relevant scenarios

Measurement Setting
1 
2 
A Measurement Setting includes L links where each link associates a CSI reporting setting with a Resource setting. In addition, each link indicates whether the measured Resource is used for channel or interference measurement. Therefore, configuration on measurement restriction (including measurement subsets, i.e. whether measurement restriction is enabled or disabled) should naturally be included in each of the L links within the Measurement Setting – rather than CSI Reporting Setting as currently captured in the agreement (and TR).   

Proposal: Measurement restriction configuration corresponding to a Resource Setting linked to a CSI Reporting Setting should be included in the link within the Measurement Setting. 

Resource Setting
3 
4 
To acquire DL CSI, several types of RS can be used. Here, CSI-RS and SRS (for reciprocity-based use cases) can be used for this purpose. Therefore, “RS Type”, which includes at least CSI-RS or SRS, should be included in Resource setting. In addition, “RS power”, which includes ZERO/NULL (for interference measurement) as well as a set of non-zero values, is needed.

Proposal: At least the following additional information should be supported in one Resource setting:
· RS type, at least includes CSI-RS and SRS 
· RS power which includes ZERO/NULL (for interference measurement) and a set of non-zero values

CSI reporting setting
5 
6 
At least four CSI parameters are supported for Type I CSI: CRI, RI, PMI, and CQI. For Type II CSI, PMI can be reused to represent spatial channel information. In particular, since W1W2 codebook and feedback structure is used for Type II CSI (i.e. linear combination), the same PMI format as Type I can also be used. In addition, CQI is relevant for Type II since the high-resolution spatial feedback is normalized. RI is needed since the size of PMI is roughly a multiple of the RI value. CRI, on the other hand, is not needed for Type II CSI since Type II is more suitable for one CSI-RS resource. Therefore, CQI, PMI, and RI are supported for Type II CSI. 
In LTE, the following hierarchy is established: 
· RI is calculated conditioned on CRI, if CRI is reported 
· PMI on CRI and/or RI, depending on whether CRI and/or RI are reported. If dual-stage codebook is used, the calculation of the second PMI is dependent on the first PMI. 
· CQI on CRI, RI, and/or PMI, depending on whether CRI and/or RI are reported. 
That is, when a CSI parameter is not reported, any dependencies on the parameter are skipped (e.g. when K=1 beam/resource is used, CRI is unnecessary; for TDD use cases, PMI may not be necessary; for “semi-open-loop” operation, only the long-term PMI needs to be reported in conjunction with QQI and RI). The same CSI calculation dependency order can be adopted for NR. 

Proposal: 
· CQI, PMI, and RI are supported for Type II CSI
· The same PMI format as Type I CSI is used for Type II codebook
· CSI calculation dependency order follows LTE 

Based on the working assumption on the number of CWs (1 CW for up to rank-4, 2 CWs for rank 5 to 8), whenever the UE is configured for receiving DL transmission with up to 4-layer, only one CQI is needed for RI=1, 2, 3, or 4. This is suitable when one MCS is applied all the layers in one CW. In this case, CQI payload (whether wideband or subband) is independent of RI. Some of the potential advantages are as follows:
· P-CSI reporting can be contained within one UL slot as RI can be jointly encoded with PMI and RI+PMI reported together with the single CQI. Here, RI does not need to be reported in a separate slot since it requires no extra protection compared to other CSI parameters. This avoids the complex priority or dropping rules and different “CSI Types” in LTE.  
· For A-CSI (or SP-CSI) reporting, RI can be jointly encoded with CQI and possibly a part of PMI (such as W1). Therefore, the need for different encoding of RI (which is the case for LTE) from the other UCI parameters (CQI, PMI) is avoided. Another part of PMI (such as W2) whose payload varies with RI can be separately encoded. In this case, UCI can be reported in two segments where each segment can be protected with CRC. Note that although RI is heavily encoded in LTE, it is not protected with CRC (hence it is impossible to detect whether RI is correctly decoded or not).    

Proposal: When the UE is configured for receiving DL transmission with up to 4-layer, only one CQI is needed for RI=1, 2, 3, or 4:
· This should be taken into account in P-CSI and A-CSI reporting designs, e.g. possibility of jointly encoding RI with other CSI parameters 

[bookmark: _Ref478039727]Relevant Scenarios
While the CSI framework for NR is flexible and scalable, identifying the pertinent combinations seems important at least for assessing the number of settings needed for a given UE, e.g. in relation to UE capability. In addition, this is relevant for RAN4 as RAN4 will choose a few scenarios to test. 
Therefore, to start some discussion, we propose that the following scenarios be supported for NR. The number of CSI reporting settings and Resource settings are N and M, respectively. 
· Entry level CSI acquisition: N=1 (can be configured for either P, SP, or AP), M=2 (one for channel measurement, the other for IMR, each can be configured for either P, SP, or AP), L=2 (channel and interference measurements)
· Hybrid CSI mechanism 1: N=2 (one analogous to Class A LTE with W1+RI-only reporting, the other analogous to Class B K=1 LTE), M=2 (both CSI-RS with K=1 resource, each one is associated with one CSI reporting setting), L=2. Two additional Resource settings can be used for interference measurements (in which case L=4). 
· Hybrid CSI mechanism 2: N=2 (one analogous to Class B K>1 LTE with CRI-only reporting, the other analogous to Class B K=1 LTE), M=2 (both CSI-RS, the first with K>1 CSI-RS resources, the second with K=1 CSI-RS resource), L=2. Two additional Resource settings can be used for interference measurements (in which case L=4).
· Semi-open-loop transmission support: N=1 (configured with CQI+W1+RI-only reporting), M=1 (CSI-RS with K=1 resource), L=1. One additional Resource setting can be used for interference measurement (in which case L=2).
· Multi-TRP/panel with DPS: N=1 (analogous to Class B LTE configured with best-1 CRI reporting), M=2 (both CSI-RS with K≥1 resource(s)), L=2. One additional Resource setting can be used for interference measurements (in which case L=3).
· Multi-TRP/panel with joint transmission (coherent or non-coherent): N=1 (option 1: analogous to Class A or Class B K=1 LTE, option 2: analogous to Class B K>1 LTE configured with best-P CRI reporting), M=2 (option 1: both CSI-RS with K=1 resource analogous to Class A or Class B K=1 LTE, option 2: both CSI-RS with K>1 resource(s) analogous to Class B LTE), L=2. One additional Resource setting can be used for interference measurements (in which case L=3).
· Entry-level beam management (provision for 2-stage beam determination via P1/P2): N=2 (both configured with best-P beam reporting with ordering information + CSI-RSRP reporting), M =2 (the 1st CSI RS with K1 > 1 resources, the 2nd CSI-RS with K2 > 1 resources), L = 2.
· Multi-TRP/panel beam management with DPS (either P1 or P2): N=2 (each configured with best-P beam reporting with ordering information + CSI-RSRP reporting), M =2 (both CSI RS with K > 1 resources), L = 2.
· Multi-TRP/panel beam management with joint transmission (either P1 or P2): N=1 (best-P beam reporting with ordering information + CSI-RSRP reporting), M =2 (both CSI RS with K > 1 resources), L = 2.
Further discussion on the CSI framework for beam management can be found in [3].

Proposal: Identify a list of relevant scenarios for CSI acquisition in relation to CSI reporting setting(s), Resource setting(s), and Measurement setting. This includes the support for entry level CSI, hybrid mechanisms 1 and 2, semi-OL, multi-TRP/panel support, and entry-level beam management
· Some scenarios are given in section 5.

[bookmark: _Ref446598642]Conclusions
In this contribution, further details on DL CSI acquisition framework for NR are proposed:
· Measurement restriction configuration corresponding to a Resource Setting linked to a CSI Reporting Setting should be included in the link within the Measurement Setting. 
· At least the following additional information should be supported in one Resource setting:
· RS type, at least includes CSI-RS and SRS 
· RS power which includes ZERO/NULL (for interference measurement) and a set of non-zero values
· CSI reporting setting: 
· CQI, PMI, and RI are supported for Type II CSI
· The same PMI format as Type I CSI is used for Type II codebook
· CSI calculation dependency order follows LTE 
· When the UE is configured for receiving DL transmission with up to 4-layer, only one CQI is needed for RI=1, 2, 3, or 4:
· This should be taken into account in P-CSI and A-CSI reporting designs, e.g. possibility of jointly encoding RI with other CSI parameters 
· Identify a list of relevant scenarios for CSI acquisition in relation to CSI reporting setting(s), Resource setting(s), and Measurement setting. This includes the support for entry level CSI, hybrid mechanisms 1 and 2, semi-OL, multi-TRP/panel support, and entry-level beam management
· Some scenarios are given in section 5.
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