[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting 91 		                        R1-1719905
Reno, USA, November 27th – December 1st, 2017
______________________________________________________________________Agenda item: 7.2.2.1
Source: LG Electronics
[bookmark: _GoBack]Title: Discussion on CSI measurement
Document for: Discussion and Decision
1. Introduction
In RAN1 #90bis meeting and following e-mail discussion, proposals on CSI measurement for NR were discussed and agreed as follows[1][2]:
	Agreement:
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported
For semi-persistent CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	NO


For aperiodic CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	YES



Agreement:
At least the following patterns are supported for ZP CSI-RS for IMR:
One pattern from (2,1), (2,2), (4,1)
	
Agreement:
· Configuration of resources for rate matching is separate from configuration of resources for interference measurement.

Working Assumption:
For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signalling
· Note: Study until next meeting whether support of both (2,2) and (4,1) are both necessary. If not, RRC configurability will be removed.

Agreement:
For non-PMI feedback, support the following port index indication method:
· Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank
· Identity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· The CSI-RS resource can be dynamically selected for CSI reporting in CSI framework

Agreement:
· A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where
· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement
· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement
· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not
· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not
· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback

Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
FFS: Whether the value of X is same or different for beam management and CSI acquisition
FFS: The value of X may or may not be numerology-dependent

Agreements:
· Confirm the working assumption with the following refinement 
- N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
  - Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
  - Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
- When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
  -  If Sc <2^N, MAC CE activation does not apply 
- The first code point is mapped to “no CSI request” 


In this contribution, we discuss the views on CSI measurement for NR-MIMO.

2. Remaining details on CSI-IM
2.1. Frequency domain behavior
Partial band CSI-RS is agreed to be supported in addition to wideband CSI-RS, and in RAN1 #90bis, there was an agreement that partial band can be the same as BWP, or smaller than BWP so that actual transmission bandwidth can be configured for CSI-RS. One of the main motivation of introducing partial band CSI-RS was to measure different CQI in case of different services are multiplexed within a wideband carrier. In a similar context, IMRs are also required to be configured correspond to the band configuration of the corresponding NZP CSI-RS for channel measurement to obtain partial band CSI. In NR phase I, only one BWP will be active at a time but dynamic BWP switching will be supported using DCI and/or MAC CE. Since CSI related settings are configured by RRC, NR should support configuring partial band information (e.g. BWP) at CSI-IM resource setting, including CSI-IM band configuration within a BWP, similar to that for NZP CSI-RS. If the numerology of BWPs are different, a measurement gap can be configured for supporting UE’s measurements across multiple BWPs similarly to intra-frequency measurement across CCs.
Proposal 1: Support band configuration for CSI-IM in the resource setting.
· Band configuration includes at least BWP index, bandwidth, and RB position within a BWP.
· Periodic resources for the active BWP are automatically activated for measurement and reporting.
· Resources for the inactive BWPs are to be measured only when requested by network in a measurement gap. 

2.2. CSI-IM configuration
Based on the discussions, following parameters can be configured for CSI-IM:
· RE pattern within a PRB
· [RB-level frequency density]
· Time domain behavior
· Periodicity and slot offset for periodic/semi-persistent CSI-IM
· Band configuration
In #90bis, CSI-IM pattern is agreed to be decided between (4,1) or (2,2), or configurable between two patterns. Since the major functionality of the CSI-IM is the power estimation of data REs from interfering sources(e.g. TRP), we should strive for minimizing the number of RE patterns for CSI-IM in NR. It seems one RE pattern would be enough, e.g., (4,1) or (2,2) for CSI-IM pattern. 
RB-level frequency density, i.e., repetition of CSI-IM RE pattern on every N-th PRB within a configured bandwidth is another consideration point. NZP CSI-RS supports two density values, d=1 and d=0.5. Considering the fact that the overhead for CSI-IM is not very severe compared to NZP CSI-RS with a large number of ports, we could fix the density of CSI-IM to d=1. In this case, parameters indicating RB-level density for CSI-IM is not required, or just ignored if configured.
Based on the discussions above, we propose the following:
Proposal 2: Following CSI-IM configuration is supported in NR.
· One RE pattern from (4,1) or (2,2)
· RB-level frequency density is fixed to one. (i.e. same RE locations in every PRB)

3. Details on NZP CSI-RS with precoded ports

NZP CSI-RS with precoded ports is supported for channel measurements and for interference measurement, and whether to allow overlapping between NZP CSI-RS for channel measurement and NZP CSI-RS for interference measurement are an open issue. In our view, overlapping of the two NZP CSI-RS resources should not be allowed. If the two NZP CSI-RS resources are overlapped, it degrades measurement accuracy for both channel and interference. This is because the two CSI-RSs interfere each other. Even if one of the two CSI-RS is measured first and then subtracted, residual interference due to imperfect subtraction has an impact on measurement of another CSI-RS.
Proposal 3: NZP CSI-RS for channel measurement and NZP CSI-RS for interference measurement are not allowed to be overlapped.

To calculate CQI for rank 3, 5 or 7, two CSI-RS resources needs to be aggregated to generate 3, 5 or 7 ports. However, in this case, it can be ambiguous for the UE which configuration the UE should follow between the two CSI-RS resources. For example, different power offset (e.g., p_c) values can be configured for each CSI-RS resource. To address this issue, one simple option is that UE follows the configuration of one of the two CSI-RS resources, e.g., low index CSI-RS resource. For another example, two NZP CSI-RS resources can be transmitted on non-fully overlapping partial bands. In this case, UE can report CSI only for the overlapping band part of the two NZP CSI-RSs.
Proposal 4: In case of aggregated NZP CSI-RS resources to calculate CQI for rank 3, 5 or 7, follows the configuration of one of the aggregated NZP CSI-RS resources.
Proposal 5: In case of aggregated NZP CSI-RS resources to calculate CQI for rank 3, 5 or 7, configured with non-fully overlapping partial band, CSI is measured/calculated on the overlapping band part of the aggregated NZP CSI-RS resources.

4. Signaling aspects for measurement and reporting
Considering that NZP CSI-RSs and CSI-IMs can be measured together for channel and interference for a CSI reporting, joint triggering of NZP and CSI-IM is agreed to be supported in the e-mail discussion for reduced DCI signaling overhead. In this case, either or both of NZP CSI-RS resources and CSI-IM resources can be configured each DCI state for aperiodic CSI triggering via RRC and/or MAC CE. Table 1 shows a possible case of the A-CSI reporting triggering state descriptions supported in NR:
<Table 1. Example of A-CSI reporting triggering states in DCI for indicating RS group for channel/interference measurement with 2-bit field>
	DCI field
	Description

	00
	No A-CSI reporting trigger

	01
	One CSI reporting setting (associated with periodic/semi-persistent RS resource(s) for channel and interference measurements)

	10
	One CSI reporting setting, one aperiodic NZP CSI-RS resource for channel measurement, and one aperiodic CSI-IM resource for interference measurement

	11
	One CSI reporting setting and one aperiodic NZP CSI-RS resource for both channel and interference measurements


For each state, CC index(es) can also be embedded in case of carrier aggregation, and multiple CSI reporting settings can also be accommodated.
Note following states are not supported for aperiodic CSI trigger at least for Rel.15:
· A state triggering reporting setting(s) and CSI-IM resource(s) (without NZP CSI-RS resource(s) for channel measurement)
· A state triggering no CSI reporting setting but triggering RSs for both channel and interference measurements (Note: Triggering only RS for channel measurement can be possible for DL P-3 beam management)
Proposal 6: For the agreed cases for joint triggering among A-CSI reporting setting(s), and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement, at least following combinations are allowed in NR:
· CSI reporting setting only (i.e., associated with periodic/semi-persistent RS resource(s) for channel and interference measurements)
· CSI reporting setting, aperiodic NZP CSI-RS resource for channel measurement, and aperiodic CSI-IM resource for interference measurement
· CSI reporting setting and aperiodic NZP CSI-RS resource for both channel and interference measurements

5. Conclusion
This contribution discussed views on CSI measurement and acquisition for NR-MIMO. Following proposals are given, based on the discussion:
Proposal 1: Support band configuration for CSI-IM in the resource setting.
· Band configuration includes at least BWP index, bandwidth, and RB position within a BWP.
· Periodic resources for the active BWP are automatically activated for measurement and reporting.
· Resources for the inactive BWPs are to be measured only when requested by network in a measurement gap. 
Proposal 2: Following CSI-IM configuration is supported in NR.
· One RE pattern from (4,1) or (2,2)
· RB-level frequency density is fixed to one. (i.e. same RE locations in every PRB)
Proposal 3: NZP CSI-RS for channel measurement and NZP CSI-RS for interference measurement are not allowed to be overlapped.
Proposal 4: In case of aggregated NZP CSI-RS resources to calculate CQI for rank 3, 5 or 7, follows the configuration of one of the aggregated NZP CSI-RS resources.
Proposal 5: In case of aggregated NZP CSI-RS resources to calculate CQI for rank 3, 5 or 7, configured with non-fully overlapping partial band, CSI is measured/calculated on the overlapping band part of the aggregated NZP CSI-RS resources.
Proposal 6: For the agreed cases for joint triggering among A-CSI reporting setting(s), and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement, at least following combinations are allowed in NR:
· CSI reporting setting only (i.e., associated with periodic/semi-persistent RS resource(s) for channel and interference measurements)
· CSI reporting setting, aperiodic NZP CSI-RS resource for channel measurement, and aperiodic CSI-IM resource for interference measurement
· CSI reporting setting and aperiodic NZP CSI-RS resource for both channel and interference measurements
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