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1. Introduction

In RAN1#90bis, it was agreed as follows to support port index indication in non-PMI feedback [1].

Agreements:

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
The following agreement is achieved on NZP CSI-RS based interference measurement.

Agreements:

· 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
Moreover, the following working assumption and agreement are made on aperiodic CSI-RS triggering in RAN1#90bis and the post-meeting email discussion [90b-NR-13].

Working assumption:

· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI

· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.

· FFS on the value of N

· The triggering is done per CSI-RS resource set
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 remaining issues on CSI measurement including aspects on non-PMI feedback, NZP CSI-RS based interference measurement and aperiodic CSI-RS triggering.

2. Reciprocity based CSI

For non-PMI feedback, it has been agreed that port index indication is configure via RRC per CSI-RS resource, and the CSI-RS resource can be triggered dynamically in DCI. It is also agreed that CSI-RS triggering is done per CSI-RS resource set. Moreover, port index indication is more preferred to be contained in the report configuration. Then to make the non-PMI feedback work aligned with the existing agreements, the entire configuration should be considered as follows.

· One report setting containing one report configuration and one CSI-RS resource setting containing K resource sets are configured in RRC and linked in the measurement setting

· In the aperiodic resource setting, each resource set contains only one CSI-RS resource

· In the semi-persistent resource setting, only one resource set with multiple resources are configured

· In the report configuration, port index indication is configured per resource according to the order of the resources in the resource setting linked by a measurement link. 
· For periodic, only one resource set is configured. UE calculates and reports RI/CQI based on the RRC configured port index indication linked to this resource.  
· In each trigger state configuration, 

· one resource set is selected for CSI measurement and report from the linked resource setting for aperiodic CSI reporting.
· one resource is selected for CSI measurement and report from the linked resource setting for joint state triggering for semi-persistent CSI and resource, where the trigger states of semi-persistent resources are only associated with MAC CE.

Based on the above configuration procedure, the missing part which is not agreed yet is the first and second sub-bullet. Hence to complete non-PMI feedback, we have the following proposal.

Proposal 1: For the resource setting linked with the non-PMI report configuration, multiple resource sets can be configured.

· In the report configuration, port index indication is configured per resource according to the order of the resources in the resource setting.

Based on the above proposal, we propose the following text change for the related part in TS38.214.

Proposed text for Section 5.2.1.4 in TS38.214: 

If a UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/CQI’: 

-
UE is configured with higher layer parameter Non-PMI-PortIndications contained in a ReportConfig, where R ports are indicated for rank R and each CSI-RS resource in the CSI resource setting linked to the ReportConfig in a MeasConfig based on the order of associated CSI-RS resources configured in the CSI resource setting. 
-
When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS resource.  The precoder for the indicated ports shall be assumed to be the identity matrix.
3. NZP CSI-RS based interference measurement

Channel and interference measurement for CSI feedback has been discussed in RAN1 for quite long time. The state-of-art channel measurement is based on NZP CSI-RS. On the other hand, several approaches have been discussed in NR on interference measurement. One approach is the legacy IM approach used in LTE, i.e., IM based on ZP CSI-RS. However, some concerns on ZP CSI-RS based IM have been pointed out, especially for MU-CSI. Specifically, as the real co-scheduled MU paired users may be different with the MU assumption UE makes for CSI calculation, inaccurate MU interference calculation occurs. 

As NZP CSI-RS can also be used for channel measurement, the resource pool of IM also contains the NZP CSI-RS resource for channel measurement for better interference measurement and further resource sharing. gNB indicates the paired UEs which resources in the resource pool are used for channel measurement or interference measurement. UE acquires the CSI for its desired channel based on the channel measurement resource, and then subtract the CSI-RS power w.r.t. the desired channel in the interference measurement resource to obtain the interference power.  Explicit interference channel can be also estimated from NZP CSI-RS.  In addition, it is often required to obtain CSI with different channel and interference hypothesis for CoMP scenario. Sometimes the role between channel and interference can be swapped e.g. in case of DPS/DPB.  In such case, overhead of IMR can be greatly reduced by sharing the NZP-CSI-RS pool for channel and interference measurement.   Hence, to increase the RS efficiency for channel and interference measurement, IM and channel measurement should share the same pool including both NZP and ZP CSI-RS resources. This is the intention of supporting the agreement in RAN1#91.

As the RRC configured resources are shared for channel measurement and interference measurement, from higher layer signaling, UE doesn’t distinguish CMR and IMR. For one UE, CMR and IMR are distinguished by DCI for each measurement instance. Therefore, in the DCI level, gNB would indicate the resources used for CMR, and the remaining resources are used for IMR. 

For aperiodic IMR based on NZP CSI-RS, one set is triggered for channel and interference measurement via DCI. Another DCI signaling is introduced to indicate which one(s) from the triggered set is CMR, the remaining resources are interference measurement resources.

Proposal 2:  Instead of using the aperiodic CSI trigger field in DCI, a separate DCI field  is used to indicate which one(s) from the trigger resource set is CMR, and the remaining triggered resources are IMRs.
Another potential approach for interference measurement enhancement is to use DMRS based IM. As DMRS reflects the real precoding used for data transmission, DMRS based IM would bring good precoding adjustment considering real interference. To facilitate DMRS based IM, one solution is sharing CSI-RS pattern with DMRS. If CSI-RS is also transmitted in DMRS patterns, MU interference with real data precoding can be estimated by UE for CSI report and link adaption. As NZP and ZP CSI-RS are both agreed to be used for interference measurement, both of them can be sent in DMRS patterns. 
Other than interference measurement, sharing CSI-RS pattern with DMRS is also helpful to channel measurement. If DMRS is sent in CSI-RS patterns, pattern used for one- or two-port beam management CSI-RS can be used on DMRS for fast Tx/Rx beam adjustment. 
In the above cases, if DMRS and CSI-RS are transmitted in the same RE patterns, same transmit power can be assumed for them. Then UE can perform channel/interference measurement as sequences of both RSs are known.
Proposal 3: For NR channel and interference measurement, CSI-RS and DMRS can be transmitted in shared RE pattern.
4. Remaining issues on CSI framework

Number of settings/sets

NR CSI framework should be flexible enough to support at least following use cases. Maximum number of report settings, resource settings and resources per setting should depend on these use cases.
· Beam management, including P1/P2/P3
· Operation with codebook for NP CSI-RS or BF CSI-RS
· Multi-TRP operation
· Multi-CC operation
· Hybrid CSI operation
· CSI to support transparent semi-OL
· NZP CSI-RS based interference measurement
· Simultaneous support of periodic, semi-persistent and aperiodic CSI reporting or CSI-RS configuration
Maximum number of report settings: For beam management, P1 and P2/P3 should have different report settings as the purpose of P1 is to identify stable beams, and P2/P3 is used for Tx/Rx beam refinement. Hence they can be configured simultaneously. Moreover, the use case of simultaneous support on all types of periodic timings  (i.e. periodic and semi-persistent/aperiodic) for P1/P2/P3 report is not clear. Hence for one TRP and one CC case, the maximum number of report settings for beam management can be 2. For CSI acquisition, as we illustrate in section 5, joint configuration of CSI report for hybrid CSI should be supported. Then considering periodic and semi-persistent/aperiodic CSI reporting for CSI can be configured at the same time as LTE, the maximum number of report settings for CSI acquisition per TRP can be 2. Considering multiple TRP/CC case, maximum number of report settings should be larger. Whether joint or dependent CSI acquisition among multiple TRPs should be supported impact the final value. Hence details for multi-TRP/CC can be FFS.  To match with LTE for 4 CSI processes, it seems reasonable to support 2x4=8 reporting settings for CSI acquisition.  Adding beam management per TRP for three TRPs, it would be 6 reporting settings for beam management and 8 reporting settings for CSI acquisition.
Maximum number of resource settings: Similar as report settings, resource settings for beam management and CSI acquisition should be separate. In single CC case, for beam management, resources for P1 and P2/P3 should be configured separately. Moreover, the use case of configuring both periodic and aperiodic/semi-persistent P1 CSI-RS or P2/P3 CSI-RS is not clear. Hence the number of resource settings for beam management should be 2. For CSI acquisition, CSI-RS resources for hybrid CSI can be configured jointly in one setting. Hence for single CC, two resource settings for CSI acquisition is sufficient, one is for periodic CSI-RS and the other one is for aperiodic/semi-persistent CSI-RS. For multi-CC, xL settings are needed for L-CC case.
Maximum number of resource sets: For beam management, if a resource set is defined, it should be used to configured a subset of resources in a pool of resources configured in a resource setting. Resource set should contain a set of resource IDs pointing to the resources configured in a resource setting instead of a set of resources.  Maximum number of resource sets per resource setting can be 4 x 3(TRPs) = 24 for beam management. For CSI acquisition, we don’t see any potential use cases to configure large number of resources, i.e., one resource set is sufficient. Further, the main use case for P1 BM procedure is to acquire stable Tx and Rx beam information periodically. In our companion contribution [2], we give a concrete proposal to facilitate P1 by using multiple sets with repetition ‘ON’. Hence for periodic and semi-persistent BM, multiple sets should be supported
Maximum number of resources per resource setting: As discussed above, we should define maximum number of resources per resource setting instead of per resource set. The maximum number of resources per resource set is equivalent to number of resources per resource settings. In each setting, number of resources for beam management should depend on Tx beams to be scan. Number of resources for CSI acquisition should depends on multiple TRP and MU interference measurement schemes. In previous section, we have illustrated the idea of resource pool sharing for channel and interference measurement. Moreover, for each TRP, as beam selection can be done in port level based on the agreed codebook for BF CSI-RS, two resources are sufficient for channel measurement considering hybrid CSI. Hence considering support of 3 TRPs and 4 CSI processes in LTE, maximum number of resources for CSI acquisition in each resource setting can be 10, where 6 for them are used for channel measurement for multiple TRPs, and the other 4 are used for interference measurement including MU interference and inter-TRP interference. Which is used for channel or interference measurement can be indicated in measurement settings. Some NZP resources can be shared for both channel and interference measurement.

Proposal 4: NR supports configuring multiple sets for periodic/semi-persistent beam management.
Signaling for AP CSI/CSI-RS triggering
It has agreed that CSI-RS triggering is per resource set, and it’s a joint triggering of A-CSI and A-CSI-RS in DCI. When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, use RRC+MAC CE+DCI; otherwise RRC+DCI is used. N can be configured via RRC signaling. The remaining issue is how to address the case of multiple CCs.

In multi-CC case, the first issue is how to configure CC information associated with CSI-RS configuration. As each CC may need multiple resources to measure CSI, and CSI-RS resources in each CC have some common background parameters, e.g., carrier band width, number of BWPs, etc., it’s natural to configure CC information for each resource setting or set. Further, for CA scenarios, it’s required to measure CSI for multiple CCs at the same time, it would cause large DCI overhead if CSI-RS resources for multiple CCs are triggered set by set individually. It is demanded to support a mechanism to trigger multiple sets with one DCI similarly as LTE.

Then a similar approach as LTE can be used for this multi-CC case. gNB can trigger multiple aperiodic resource sets for multiple CCs based on configuring bitmaps in MAC CE. Specifically, as shown in Fig. 1 below, after configuring multiple resource sets in RRC, gNB would use MAC CE to select a subset from the configured subsets. In details, K bitmaps are configured in trigger state configuration to select the resource sets. In MAC CE signaling, gNB selects M bitmaps to select M candidate combinations, which correspond to M candidate states in DCI. Then in the third step, DCI is used to indicate one combination of multiple sets from M candidates. 

This mechanism is quite similar as LTE’s approach to solve the issue of using multiple processes for CSI-RS measurement and CSI reporting for multiple CCs. Moreover, the entire mechanism can fit seamlessly into the agreed 3-step framework for A-CSI-RS triggering in the case that more than 2^N–1 trigger states are configured, which is quite typical for the multi-CC case.


[image: image1.emf]Totally K resource set combinations are 

configured in trigger states:

Trigger state 1: Bitmap 1, 

…

 , 

Trigger state K: Bitmap K

Select M combinations of subset from K 

bitmaps, which are mapped to a subset of 

the configured trigger states:

Bitmap 1, 

…

 , Bitmap M

Select one combination from M candidates

RRC MAC CE DCI


Fig. 1 Multi-set triggering for A-CSI-RS

Proposal 5: NR supports triggering multiple aperiodic resources sets with single DCI triggering signaling

· K bitmaps are configured in trigger state configuration to select K resource set combinations

· MAC CE is used to indicate M candidate combinations of resource sets from the configured K combinations.  i.e. select M Bitmaps from K Bitmaps.
· DCI is used to trigger one combination from the M candidates to indicate transmission of multiple aperiodic resource sets

Signaling for SP CSI/CSI-RS activation
It has been agreed that semi-persistent CSI is at least activated by DCI similarly as LTE SPS, and activation of SP CSI resources is done by MAC CE. Moreover, triggering of CSI-RS/CSI is accomplished by joint triggering state configuration. MAC CE can be used to map DCI codepoints to a subset of trigger sates. This mechanism can be reused for SP CSI/CSI-RS activation.

For SP resources, it would be more flexible to let gNB activate partial resources in one setting based on its demand. As only one resource set is allowed in SP resource setting, the activation of SP resources should be resource level. We can use bitmap to choose resources from the SP resource set. A joint trigger state for SP CSI and SP CSI-RS can be configured in RRC, and the states for SP CSI is only associated with MAC CE signaling. One example of the joint state configuration is given in Table 1.

Table 1 Trigger state configuration for 4 SP CSI-RS resources and 2 SP CSI reports

	Trigger state
	Bitmap to choose SP CSI-RS resources in the SP resource set
	SP CSI

	0
	Resources 0, 1, 2
	Report 0

	1
	Resources 0, 1, 2
	Report 1

	2
	Resource 0, 2,3
	Report 0

	3
	Resource 0, 2, 3
	Report 1


In the above trigger state configuration table, MAC CE is used to map the DCI codepoints to the states with the same SP CSI-RS resources. For example, MACE CE is used to select states {0,1} or states {2,3}. Then the same mechanism is built for SP and AP CSI/CSI-RS. 

Proposal 6: NR supports joint trigger state configuration for SP-CSI-RS and SP-CSI

· MAC CE is used to map DCI codepoints to the states with the same SP CSI-RS resources

5. Conclusion
In this contribution, we discuss remaining issues on aspects for CSI measurement. Based on the discussion, we have the following proposals:

Proposal 1: For the resource setting linked with the non-PMI report configuration, K resource sets are configured and each resource set contains only one CSI-RS resource.

· In the report configuration, port index indication is configured per resource according to the order of the resources in the resource setting.

Proposed text for Section 5.2.1.4 in TS38.214: 

If a UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/CQI’: 

-
UE is configured with higher layer parameter Non-PMI-PortIndications contained in a ReportConfig, where R ports are indicated for rank R and each CSI-RS resource in the CSI resource setting linked to the ReportConfig in a MeasConfig based on the order of associated CSI-RS resources configured in the CSI resource setting. 

-
When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS resource.  The precoder for the indicated ports shall be assumed to be the identity matrix.
Proposal 2: A separate DCI other than the DCI to trigger A-CSI-RS is used to indicate which one(s) from the trigger resource set is CMR, and the remaining triggered resources are IMRs.

Proposal 3: For NR channel and interference measurement, CSI-RS and DMRS can be transmitted in shared RE pattern.
Proposal 4: NR supports configuring multiple sets for periodic/semi-persistent beam management.
Proposal 5: NR supports triggering multiple aperiodic resources sets with single DCI triggering signaling

· K bitmaps are configured in trigger state configuration to select K the resource set combinations

· M bitmaps are indicated in MAC CE to indicate M candidate combinations of resource sets

· DCI is used to trigger one combination from the M candidates to indicate transmission of multiple aperiodic resource sets
Proposal 6: NR supports joint trigger state configuration for SP-CSI-RS and SP-CSI

· MAC CE is used to map DCI codepoints to the states with the same SP CSI-RS resources
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