3GPP TSG RAN WG1 NR Ad-Hoc Meeting 


  

R1-1700476
Spokane, USA, 16th - 20th January 2017
______________________________________________________________________Agenda item: 5.1.2.2
Source: LG Electronics
Title: Discussion on CSI acquisition framework
Document for: Discussion and Decision
1. Introduction
In RAN1#87 meeting, following agreements are made regarding CSI acquisition framework for NR:
	Agreements:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent

· Frequency-granularity, at least for PMI and CQI

· FFS: Which CSI parameters are reported

· If PMI is reported, PMI Type (Type I or II) and codebook configuration 

· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent

· RS type which encompasses at least CSI-RS

· RS resource set(s) of K resources

· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent

· IM types which encompasses CSI-IM

· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting

· Including selection of resource(s) out of the K resources within an RS setting

· UE supports up to L CSI measurement

· Value of L may depend on the UE capability
Agreements:

· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 

· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where

· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.

· Further study at least the following aspects:

· FFS QCL aspects

· E.g., set of QCL parameters

· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.

· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs

· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI

Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Values of NP is FFS

· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility

· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations



In this contribution, we further discuss RS/IM/measurement/reporting settings for CSI acquisition framework in NR, based on the above agreements.
2. RS setting
According to the agreement on supporting CSI-RS for DL Tx/Rx beam sweeping, NR should define following two different types of NZP CSI-RS resources in terms of their different operational purposes, i.e., Type 1 for MIMO CSI feedback, and Type 2 for DL beam management, which is also elaborated in our companion contribution [1].

Proposal 1: According to the agreement on supporting CSI-RS for DL Tx/Rx beam sweeping, NR should define two different types of NZP CSI-RS resources in terms of their different operational purposes, i.e., Type 1 for MIMO CSI feedback, and Type 2 for DL beam management.
2.1. Type 1 CSI-RS resource (for MIMO CSI feedback)

Type 1 CSI-RS resource can be based on the same structure defined in LTE especially for MIMO CSI feedback functionality developed from FD-MIMO and eFD-MIMO WIs. In other words, when a UE is configured with a Type 1 CSI-RS resource, the resource is not configured with any (sub-)time unit related granularity, but only with time periodicity/offset (if configured, e.g., for periodic CSI-RS) similar to LTE. Also, the number of CSI-RS ports configured in the Type 1 CSI-RS resource is to be measured together to derive corresponding CSI including CRI (if Class B K>1 configured), RI, PMI, and CQI, according to the measurement setting linking to this RS setting (similar to the CSI process concept in LTE).
Proposal 2: Type 1 CSI-RS resource is at least to be used for MIMO CSI feedback related reporting, and further potential usage cases FFS.
2.2. Type 2 CSI-RS resource (for DL beam management)

Type 2 CSI-RS resource has been newly introduced as the agreements above in order to support the DL Tx beam sweeping and UE Rx beam sweeping, where NP CSI-RS port(s) can be mapped per (sub)time unit, same CSI-RS antenna ports can be mapped across (sub)time units, and each time unit can be partitioned into sub-time units.
Regarding the mentioned three options to map CSI-RS for Tx and Rx beam sweeping, it is sufficient to down-select only Option 1, which is written as follows and is sufficiently supporting the identified DL beam management procedures P-1, P-2, and P-3 without introducing other options. Related more discussions are found in our companion contribution [2].
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
It also needs to be clarified that Type 2 CSI-RS resource is to be used mainly for DL beam management related reporting, for which the necessary reporting contents are discussed in Section 5 and illustrated in Figure 1.
Proposal 3: Type 2 CSI-RS resource is at least to be used for DL beam management related reporting, and further potential usage cases FFS.
Regarding another FFS issue on whether the above mapping structure is configured with one or multiple CSI-RS resources, we propose to allow multiple Type 2 CSI-RS resources configurable for UE, with clarifying that each configured CSI-RS resource should correspond to a time unit, and multiple OFDM symbols (e.g., represented by sub-time units in the agreements) can be configured within the CSI-RS resource only when the above Option 1 is applied across sub-time units (for UE Rx beam sweeping purpose). More discussions in terms of DL beam management procedures are found in our companion contribution [2].
Proposal 4: It is proposed to allow multiple Type 2 CSI-RS resources configurable for UE, such that each configured CSI-RS resource corresponds to a time unit, and multiple OFDM symbols (e.g., sub-time units) can be configured within the CSI-RS resource, only when the above Option 1 is applied across sub-time units (for UE Rx beam sweeping purpose).
In our companion contribution [3], necessary QCL indication for this Type 2 CSI-RS resource is thoroughly discussed, in consideration with initial access related discussions. In order to support reasonable UE complexity in RX beam searching, such Type 2 CSI-RS resource needs to be configured with proper QCL linkage to MRS-x or SS block (depending on further decisions in initial access) w.r.t. at least spatial QCL parameter. Figure 1 shows an illustration on necessary QCL linkages regarding Type 2 CSI-RS resources, in consideration that a TXRU used for the CSI-RS transmission is at least to be used for the signal transmissions within the SS block in an SFN manner.
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Figure 1: Illustration of necessary QCL indication for Type 2 CSI-RS resources.
Note in Figure 1, the UE may be configured with four Type 2 CSI-RS resources by RRC, but only resource #1 and #4 are activated by MAC CE (by a similar procedure defined in eFD-MIMO as activation/release for NZP CSI-RS resources, a.k.a. “semi-persistent CSI-RS” in NR context). With this L2-level activation mechanism, Type 2 CSI-RS resource overhead can be reasonably controlled by gNB implementation, and UE-side complexity reduction for DL beam management can be achieved together.
Proposal 5: In order to support reasonable UE complexity in RX beam searching, Type 2 CSI-RS resource needs to be configured with proper QCL linkage to an MRS-1 or SS block w.r.t. at least spatial QCL parameter.
Proposal 6: With L2-level activation/release mechanism on Type 2 CSI-RS resources, network-side RS overhead and UE-side complexity reduction for DL beam management can be achieved together.
3. IM setting

Regarding the FFS issue on whether RS setting and IM setting can be merged or not, our view is that the RS setting and IM setting should be separated as in the current agreements, unless all possible interference measurement (IM) methods supported in NR can be operated based on only the configured RS settings, e.g., all IM methods are based on using/abstracting NZP CSI-RSs configured in RS settings. However, at least CSI-IM based IM methods need to be supported in NR, which is based on separated IM resources configured by gNB, the current agreements stating the separated J≥1 IM settings are reasonable and beneficial in flexibility to be indicated by measurement settings.
Proposal 7: RS setting and IM setting should be separated as in the current agreements, considering at least CSI-IM based IM method needs to be supported in NR, and for supporting flexible measurement settings including any combinations between aperiodic/semi-persistent/periodic CSI-RS setting and aperiodic/semi-persistent/periodic IM setting.

4. Measurement setting

As mentioned in the previous section, allowing flexible measurement settings is desirable for NR, which may include supporting any combinations between aperiodic/semi-persistent/periodic CSI-RS setting and aperiodic/semi-persistent/periodic IM setting. More specifically, considering semi-persistent or periodic CSI reporting, semi-persistent or periodic IM resource may need to be considered to avoid or minimize L1/L2 control signaling. Also, aperiodic CSI-RS setting can be associated with semi-persistent or periodic IM resource for aperiodic CSI reporting. Conversely, semi-persistent or periodic CSI-RS can also be associated with aperiodic IM resource for aperiodic CSI reporting. Besides, since periodic and semi-persistent CSI reporting cases were also agreed in RAN1#87, all kinds of possible combinations need to be investigated to narrow-down necessary combinations to be supported for measurement setting configurations.
Proposal 8: All kinds of possible combinations among aperiodic/semi-persistent/periodic CSI reporting, aperiodic/semi-persistent/periodic CSI-RS, and potential aperiodic/semi-persistent/ periodic IM resources need to be investigated to narrow-down necessary combinations to be supported for measurement setting configurations.

5. Reporting setting

It has been agreed that aperiodic, semi-persistent, and periodic CSI reporting are all supported in NR. According to a measurement setting configuration discussed in the previous section, proper CSI reporting contents are needed to be defined. 
If Type 1 CSI-RS resource is indicated in a certain measurement setting, the baseline for the corresponding reporting contents should be the existing CSI report types supported in LTE including outcomes from eFD-MIMO WI, where some modifications and enhancements are FFS.
If Type 2 CSI-RS resource is indicated in a certain measurement setting, the corresponding reporting contents should be decided based on necessary reporting contents for supporting DL beam management. As illustrated in Figure 1, each CSI-RS port within a Type 2 CSI-RS resource may correspond to a different analog beam, so that the corresponding reporting contents can be a paired information type as {CRI, port index} for reporting a preferred beam direction information. In addition to the beam related information, corresponding beam gain related metric may need to be reported together for which the details of the metric including RSRP, RSRQ, or CQI type of contents need further study.
Proposal 9: If Type 2 CSI-RS resource(s) is/are indicated in a certain measurement setting, at least a preferred beam direction information corresponding to a CSI-RS port within a configured Type 2 CSI-RS resource needs to be reported, and corresponding beam gain related metric may need to be reported together.

6. Conclusion
This contribution discussed RS/IM/measurement/reporting settings for CSI acquisition framework in NR. Following proposals are given, based on the discussion:
Proposal 1: According to the agreement on supporting CSI-RS for DL Tx/Rx beam sweeping, NR should define two different types of NZP CSI-RS resources in terms of their different operational purposes, i.e., Type 1 for MIMO CSI feedback, and Type 2 for DL beam management.
Proposal 2: Type 1 CSI-RS resource is at least to be used for MIMO CSI feedback related reporting, and further potential usage cases FFS.
Proposal 3: Type 2 CSI-RS resource is at least to be used for DL beam management related reporting, and further potential usage cases FFS.
Proposal 4: It is proposed to allow multiple Type 2 CSI-RS resources configurable for UE, such that each configured CSI-RS resource corresponds to a time unit, and multiple OFDM symbols (e.g., sub-time units) can be configured within the CSI-RS resource, only when the above Option 1 is applied across sub-time units (for UE Rx beam sweeping purpose).
Proposal 5: In order to support reasonable UE complexity in RX beam searching, Type 2 CSI-RS resource needs to be configured with proper QCL linkage to an MRS-1 or SS block w.r.t. at least spatial QCL parameter.
Proposal 6: With L2-level activation/release mechanism on Type 2 CSI-RS resources, network-side RS overhead and UE-side complexity reduction for DL beam management can be achieved together.
Proposal 7: RS setting and IM setting should be separated as in the current agreements, considering at least CSI-IM based IM method needs to be supported in NR, and for supporting flexible measurement settings including any combinations between aperiodic/semi-persistent/periodic CSI-RS setting and aperiodic/semi-persistent/periodic IM setting.

Proposal 8: All kinds of possible combinations among aperiodic/semi-persistent/periodic CSI reporting, aperiodic/semi-persistent/periodic CSI-RS, and potential aperiodic/semi-persistent/ periodic IM resources need to be investigated to narrow-down necessary combinations to be supported for measurement setting configurations.

Proposal 9: If Type 2 CSI-RS resource(s) is/are indicated in a certain measurement setting, at least a preferred beam direction information corresponding to a CSI-RS port within a configured Type 2 CSI-RS resource needs to be reported, and corresponding beam gain related metric may need to be reported together.
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