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1. Introduction

In RAN1#90, the following agreement is achieved on reciprocity based CSI [1].

Agreements:

· For non-PMI feedback:

· Alt 1: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· FFS other details of the port selection codebook

· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS whether this indication can be dynamic using L1/L2 signaling

· Support at least up to 8 CSI-RS ports and 8 layers

· Alt 2: The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix

· Alt 3: An existing codebook is used for CQI calculation for non-PMI feedback

· FFS details

· To down-select one of the above alternative in the next meeting

In RAN1#89, the following agreement is made on interference measurement schemes [2].

Agreements:

· 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

In this contribution, we discuss remaining issues on CSI measurement including aspects on reciprocity based CSI, NZP CSI-RS based interference measurement and signaling framework.

2. CSI acquisition schemes based on channel reciprocity
Non-PMI feedback is an important technology to enhance CSI feedback for the presence of full reciprocity in TDD mode. Generally, UE calculates RI and CQI based on a defined codebook, whereas PMI is not reported. Further, gNB can use signaling to restrict the precoding matrices used by UE for CSI acquisition based on uplink sounding. The restriction can be one codeword or a subset of codewords in the defined codebook.

Codebook issues

Two different use cases can be identified for non-PMI feedback. They require different types of codebook.

Scheme 1: NP CSI-RS is used. gNB uses CSR to constrain the codeword for RI and CQI calculation. Then Type I codebook can be used. gNB acquires precoding matrix from  uplink sounding, and acquires RI and CQI based on UE’s feedback with CSR. Two sub-schemes can be further identified in this scheme.

1A: gNB uses Type I DFT codewords acquired from UL sounding as precoders

1B: gNB uses eigenvectors acquired from uplink sounding as precoders 

Scheme 1-2: BF CSI-RS is used. Each port in BF CSI-RS resources uses one particular beam based on uplink sounding. The beams can be acquired from SVD based on uplink channel measurement. gNB uses CSR to constrain the BF CSI-RS port used for RI and CQI calculation. Then a port selection codebook is required. 

We compare the above two schemes based on system-level simulation in [3]. Based on the simulation results, Scheme 1-2 achieves much better performance than Scheme 1A and 1B. In Scheme 1A, gNB’s precoding matrices are constrained by quantized DFT vectors in Type I codebook, whereas in Scheme 1B CQI mismatch appears as CQI is not calculated directly from used precoding matrices. In Scheme 1-2, there’s no such quantization error or CQI mismatch. Hence we propose to support Scheme 1-2 for non-PMI based feedback in NR, i.e., to support using a port selection codebook for CQI and RI derivation.

A follow-up question is how to define a port selection codebook. In fact, in the agreed codeobook proposal [4], one codebook is defined for BF CSI-RS, whose W1 is a port selection codebook. Hence a simple WF is to extend this port selection codebook by setting L=1, P=1 and setting amplitude 1 as well. Then in this codebook, each column of each precoding matrix contains only one non-zero entry (codebook A). If codebook A is used, gNB’s precoder is exact same as channel eigenvector acquired from UL sounding. In addition, reusing LTE Class B K=1 codebook (codebook B) is another option proposed in last meeting.

We compare the above two types of port selection codebook with system-level simulation in [3]. The following options are evaluated.

Opt A: Use codebook A for gNB precoder, and codebook A for UE CQI calculation. 

Opt B-1: Use codebook A for gNB precoder, and codebook B for UE CQI calculation.

Opt B-2: Use codebook B for gNB precoder, and codebook B for UE CQI calculation.

Based on the simulation results, codebook B suffers performance loss compared with codebook A. As codebook B introduces cophasing between two pols, quantization error is caused. Hence Opt B-2 suffers large performance loss as gNB precoder is not eigen vector any more. For Opt B-1, gNB precoder is still eigen vector. However, UE’s assumption for CQI derivation is quantized channel with co-phasing. Performance loss of Opt B-1 comes from CQI mismatch.

Signaling issues
Another remaining issue for non-PMI feedback is whether a signaling, e.g., CSR, is needed to restrict the precoders used for CQI calculation. With this signaling, gNB can constrain the codewords used by UE to derive RI and CQI. For example, gNB can indicate CSR based on uplink channel measurement. As channel can change quite rapidly, codewords derived by gNB for CSR may also change dynamically. In order to capture this rapid change of channel, CSR signaling needs to be dynamic, i.e., L1/L2 signaling is more suitable.

For port selection, another way to implement dynamic change of used beamforming is to configure MR and change the beamforming used for CSI-RS dynamically. Then port selection used for RI/CQI calculation can be fixed [5]. For example, if two ports are used, use 
[image: image1.wmf]1

0

éù

êú

ëû

 for rank 1 and identity matrix for rank 2.  However, to reduce CSI-RS overhead, BF CSI-RS can be shared by a group of UEs. This port sharing would bring limitation on dynamic change of the beams used for BF CSI-RS. Therefore, to support BF CSI-RS sharing among UEs, dynamic indication of CSR is more suitable than dynamic change of beams used for CSI-RS. On the other hand, if dynamic change of beamforming is not used, performance loss can be expected as dynamic channel change can not be reflected in UE’s RI/CQI calculation.

Based on the above discussion, we have the following proposal. More detailed discussion and related simulation results can be found in our companion contribution [3].

Proposal 1: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· FFS Other details of the port selection codebook

· Signaling is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS Signaling details e.g. whether this indication can be dynamic using L1/L2 signaling

· Support up to 8 layers and at least up to 8 CSI-RS ports 
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. 

For NZP CSI-RS based, the following two schemes have been identified.
Scheme 1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)

In this scheme, NZP CSI-RS is still used for desired channel estimation. After performing channel estimation, interference can be measured by subtracting CSI-RS with estimated channel from Rx signal. NZP CSI-RS resources need to be included in IMR. However, UE’s behavior, e.g., subtracting CSI-RS with desired channel, is not necessary to be specified. Thus this scheme has very low spec impact. However, to enhance MU interference measurement, the potentially paired UEs should transmit CSI-RS in the same resource. If interference is significant in the received signal, the estimation for the desired channel performs badly. Then interference measurement is not accurate either.
Scheme 2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

In this scheme, UE is configured with multiple NZP resources associated with multiple MU hypotheses by the network. To reduce CSI-RS overhead for multiple hypotheses, the paired UEs in each MU hypotheses share a configured NZP CSI-RS resource pool for interference measurement. gNB indicates the particular resource used for IM upon triggering. Then gNB transmits the NZP CSI-RS for all the paired UEs in one shared resource. In addition, for the interference caused by the cells outside the coordinating set, it can be measured by a single ZP CSI-RS resource configured for all the UEs in the set. 
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. 
Proposal 2: For NZP CSI-RS based IMR, NR supports Scheme 2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix.
Proposal 3: NR supports aperiodic IMR based on shared resource setting configuration for NZP and ZP CSI-RS resources.

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 4: 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
· 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 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 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 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. 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, based on section 5, CSI-RS resources for hybrid CSI can be configured jointly in one setting. Hence two resource settings for CSI acquisition is sufficient, one is for periodic CSI-RS and the other one is for aperiodicsemi-persistent CSI-RS. 
Maximum number of resource sets: The definition of resource set is not clear to us. At least two options can be identified for resource set configuration. 
· Option 1: Resources in each resource set are configured independently. For example,
Resource setting m {
Resource set 1 {Resource 1, ..., Resource K1}; ...;
Resource set S {Resource 1, ..., Resource KS}
}
· Option 2: Resources are defined as a pool in resource setting, and each resource set just selects the resource IDs from the pool. For example, 
Resource setting m {
Resource 1, resource 2, ..., resource K
Resource set 1 { Resource ID i1, Resource ID i2,..., Resource ID iK1 }; ... ;
Resource set S {Resource ID i1, Resource ID i2,..., Resource ID iKS}
}
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.  From our perspective, Option 2 is more reasonable as one same resource does not need to be defined multiple times in different resource sets. If Option 2 is the correct understanding, defining multiple resource sets is helpful as one resource pool can be shared among multiple UEs, and one UE can just measure a subset of the pool at one time. If we follow this logic, discussing maximum number of resources per resource setting seems more natural than discussing maximum number of resources per resource set.
The maximum number of resource sets depends on which Option is the right understanding. If it is Option 1, then maximum number of resource sets is 1 (i.e. resource setting is equivalent to resource set) for both beam management and CSI acquisition. If it is Option 2, 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.
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 illustrate 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 5: NR supports multiple resource sets in a resource setting. Each of the resource sets consists of a set of resource IDs of the resources configured in the resource setting.  
For example,
Resource setting m {

Resource 1, resource 2, ..., resource K

Resource set 1 { Resource ID i1, Resource ID i2,..., Resource ID iK1 }; ... ;

Resource set S {Resource ID i1, Resource ID i2,..., Resource ID iKS}

}
Signaling for CSI/CSI-RS triggering and activation
For aperiodic or semi-persistent CSI-RS/CSI, dynamic L1/L2 signaling is required to trigger or activate CSI-RS/CSI transmission. DCI is needed for aperiodic CSI-RS/CSI. Remaining issues includes whether an intermediate step, e.g., MAC CE is needed for aperiodic CSI-RS/CSI triggering, and whether to use DCI or MAC CE for semi-persistent CSI-RS/CSI activation.

For aperiodic CSI-RS, as multiple resource settings and multiple resource sets per setting needs to be configured at least for beam management, large DCI overhead would be caused if there is no intermediate step. Hence we prefer to use RRC+MAC CE+DCI for aperiodic CSI-RS triggering. For aperiodic CSI, RRC+DCI seems sufficient.

For semi-persistent CSI-RS and CSI activation, we don’t see the necessity to support DCI based signaling as it causes large DCI overhead. To balance signaling flexibility, latency and overhead, using MAC CE for CSI-RS/CSI activation is more preferred.  

Proposal 6: For semi-persistent CSI-RS/CSI reporting, MAC CE is used for activation/deactivation.

Proposal 7: For aperiodic CSI-RS, NR supports MAC CE+DCI for triggering signaling.

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: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· FFS Other details of the port selection codebook

· Signaling is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS Signaling details e.g. whether this indication can be dynamic using L1/L2 signaling

· Support up to 8 layers and at least up to 8 CSI-RS ports 
Proposal 2: For NZP CSI-RS based IMR, NR supports Scheme 2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix.
Proposal 3: NR supports aperiodic IMR based on shared resource setting configuration for NZP and ZP CSI-RS resources.

Proposal 4: For NR channel and interference measurement, CSI-RS and DMRS can be transmitted in shared RE pattern.
Proposal 5: NR supports multiple resource sets in a resource setting. Each of the resource sets consists of a set of resource IDs of the resources configured in the resource setting.  
For example,
Resource setting m {

Resource 1, resource 2, ..., resource K

Resource set 1 { Resource ID i1, Resource ID i2,..., Resource ID iK1 }; ... ;

Resource set S {Resource ID i1, Resource ID i2,..., Resource ID iKS}

}

Proposal 6: For semi-persistent CSI-RS/CSI reporting, MAC CE is used for activation/deactivation.

Proposal 7: For aperiodic CSI-RS, NR supports MAC CE+DCI for triggering signaling.
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