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Introduction
Channel state information measurement, interference measurement and the corresponding reporting are the essential enablers for the adaptive scheduling (choose suitable PRB allocation, layer number, MCS, paired UE and so on) and high data throughput. There are extensive discussions on how to measure channel state information, how to measure interference, which assumption for CQI calculation and many other issues. Regarding these issues, detailed agreements were achieved in the last RAN1 meetings [1-3]:
	Agreement
For non-PMI codebook, down-select one between the following alternatives
· Alt A: 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
· 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 done by using L1/L2 signaling or RRC signaling
· Support at least up to 8 CSI-RS ports and 8 layers
· Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication selects the CSI-RS port(s) used for RI/CQI calculation per rank
· Indentity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· FFS Signaling details e.g. whether this indication can be done by using L1/L2 signaling or RRC signaling
· Support up to 8 layers and at least up to 8 CSI-RS ports
· If down-selection between the above alternatives cannot be achieved until RAN1#90bis, it's up to editor how to capture Alt A or Alt B in specifications

Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

Agreement:
· Confirm the working assumption: NR supports semi-persistent IMR based on ZP CSI-RS for interference measurement for CSI feedback

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



Based on the above agreements, we will discuss some remaining issues, e.g., indication of port selection for Non-PMI codebook, interference measurement. 

Discussion
Indication of Port Selection for Non-PMI codebook 
In RAN1 NR Ad Hoc meeting #3 in Nagoya, two alternatives for the port selection for Non-PMI codebook are identified for further consideration and down-selection: 
· Alt A: Port selection codebook is used for CQI calculation for non-PMI feedback
· Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback

By investigating carefully the two alternatives, we can find that the Alt. A and Alt. B can achieve the same purpose and the same performance. The only difference between them is the description of the signaling. That is to say the two alternatives are the same except that the detailed form in the specification.
For Alt. A, port selection codebook is required. Thus we need to specify some port selection codebook. However, as we can see from LTE MIMO design and NR MIMO design, any codebook design/selection will be a tough task and will require huge simulation effort and long time. For example, there will be lengthy arguments about the size of codebook and its each element. Thus Alt. A is not an attracting way to finish the issues within the very limited timeline. 
In contrast, Alt. B may provide more flexibility to select different ports for each rank since we can design a signaling scheme which will introduce no constraints to the candidate port to be selected. For example, one possible way is that NW can signal M configurations of port selection, each configuration consisting of the selected ports for each rank. For example, a port selection configuration has the following information (assuming that the maximum rank is K in the example):
· Rank 1: port x
· Rank 2: port y1, port y2
· …
· Rank K: port z1, port z2, …, port zK

Then NW can dynamically indicate UE which configuration is used for the corresponding CQI calculation. In this two-stage configuration/indication mechanism, Alt. B can have full flexibility and how to configure are up to NW implementation. Thus we avoid discussing how to define codebook, and don’t need to argue about what subset of ports should be used or not be used.  Meanwhile, such kind of two-stage signaling mechanism has been widely used in the CSI measurement framework and beam management framework.
Moreover, NW vendor can develop advantages algorithms to optimize the configuration of port selection by freely choosing any port if it wants based on the UE reporting and the service states, rather than NW is only allowed to choose some predefined candidates. 
Based on the above discussion, we can see that Alt. B has advantages over Alt. B. Thus we have the following proposal:

Proposal 1: For non-PMI codebook, NR supports Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback. 

Another issue about the port selection of non-PMI codebook feedback is how NW indicates the signaling of port selection. Generally, there are two types of signals:
· Opt.1: Semi-statically signaling
· Opt.2: Dynamic signaling
The main advantage of semi-statically signaling (Opt.1) is its simplicity since no impact on the DCI design. Once NW configure a port selection for UE, UE will always follow the same port selection until receives some corresponding reconfiguration. 
On the other hand, the main concern about the semi-statically signaling is the performance. For typical scenarios and use cases, we don’t see any motivation to semi-statically change the port selection. As expected, semi-statically signaling will achieve the similar performance with the fixed port selection. If so, why do we need to introduce a new feature which offers no gain or any other benefit?
In contrast, there may some use cases where the dynamic signaling mechanism can offer some performance gain and benefits:
· Facilitate the MU-MIMO pairing: Assume NW configures 4-port CSI-RS resource for CSI acquisition. At first, there are fewer users. Thus NW will only schedule SU-MIMO for UE 1. In this case, UE1 can use port 0 and port 1 for the CQI calculation of rank 2. When more UEs are in the cell, NW trends to schedule MU-MIMO for higher throughput and supporting of more active UEs. In this case, UE1 can still use port 0 and port 1 for CQI calculation of rank 2 and UE 2 can be indicated to user port 2 and port 2 for CQI calculation of rank 2. Then the CQI calculation may be more accurate for the paired UEs of UE 1 and UE 2. Facilitating the MU-MIMO operations is one of the major motivations to introduce the port selection scheme. Since the service is usually burst and sparse, the arrival of new UEs with data is random. Thus dynamic signaling may exploit the potential gains of MU-MIMO pairing. In contrast, the semi-statically signaling can only benefit when two full-buffer UEs are paired which is not typical in practical scenarios and is corner case.
· Facilitate the selection of transmission beams: Assume NW configures 4-port beamformed CSI-RS for CSI acquisition and will schedule data from some of these beams based on UE reporting. For the channel reciprocity scenarios, the channel state information can be known by NW by exploiting reciprocity. In contrast, the interference at NW side and UE side are not reciprocal. Moreover, if UE is expected to receive data from port 0 and port 1, the corresponding interference will be different from that of reception of port 2 and port 3 due to the spatial processing of MIMO. Therefore, NW may configure UE to calculate CQI based different port selection and decide which beam(s) is better to transmit data of the UE for a given rank.
· Facilitate the interference coordination: If some UEs suffer severe interference from port 0 and port 1 and report such information to the NW, then NW can indicate the given UE to calculate CQI based on port 2 and port 3 and will only schedule data over port 2 and port 3 for the UE. In this case, NW can reduce the interference of the given UE to the other UEs.
One concern of the dynamic signaling mechanism is the DCI overhead. If we constrain the above-mentioned M configurations to a small number, the DCI overhead will be limited. Moreover, it is possible to encode these bits jointly with some other DCI fields to further reduce the DCI overhead.

Proposal 2: For non-PMI codebook, NR supports dynamic signaling to indicate the port selection for CQI calculation, e.g.,
· RRC  + DCI
· RRC indicates M configurations of port selection
· DCI indicates which out of M to be used for the UE

Interference Measurement
NZP CSI-RS have been introduced for interference measurement. In contrast to ZP CSI-RS, NZP CSI-RS can be measured by UE to get the corresponding “effective channel” state information. Thus there will be two different ways to use the “effective channel” state information:
· Alt.1: Emulation at UE side: In this alternative, UE will further manufacture the estimated “effective channel” by multiplexing some precoder matrix. The precoder matrix may be obtained by different means, for example
· some matrix used for previous transmission
· a matrix generated by UE itself
· a matrix indicated by NW
· Alt.2: Emulation at gNB side: In this alternative, NW can freely choose some precoder for the transmission of NZP CSI-RS via pre-scheduling. Thus the “effective channel” state information has reflected the “real” interference of the future transmission. 

Alt.1 has more potential disadvantages: 
· More complexity at UE side
· Complicated signaling design
· More signaling overhead
· ….

In contrast, Alt.2 is quite simpler for UE since UE only need to measure the NZP CSI-RS and don’t need further processing with precoders.
Thus we propose that NR supports only Alt.2 and will not support Alt.1. 

In NR, NZP CSI-RS can be used for both channel estimation and interference measurement, thereby raising the question whether a NZP CSI-RS can be shared by channel estimation and interference measurement: 
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement

For Alt.1, UE estimate its corresponding channel based on NZP CSI-RS signals and then subtract the estimated channel from the measurement based on the NZP CSI-RS resource to obtain the interference consisting of the interference from paired UEs in MU-MIMO, interference from neighboring cell, and others. One concern about Alt.1 is the accuracy of interference measurement. In wireless systems, the interference is a relatively rough metric due to the quick varying of interference. 
· In high SINR region, more accurate interference measurement is required. In these cases, the channel estimation is also more accurate, which will lead to less influence to interference measurement.
· In low SINR region, although the channel estimation error will be larger, the tolerance of CQI feedback is also larger due to the low MCS.
Thus, the accuracy of Alt.1 is not a problem. Meanwhile, it has some attracting advantages: less CSI-RS resource overhead, low UE complexity.

In contrast, Alt.2 will have some disadvantages for the NW and UE perspective:
· More CSI-RS resources for interference measurement and also the corresponding more signaling overhead to configure multiple CSI-RS resources 
· More measurement for UE: UE needs to estimate its channel based on one NZP CSI-RS and other effective interference channels from other sources based on the other NZP CSI-RS. Thus the complexity of channel estimation will be increased at UE side.
· More process to combine different measurement results according to various hypotheses. 
Thus Alt.2 is not friendly for a UE from the view of complexity and power saving.

Based on the above discussions, we have the following proposal:

Proposal 3: For NZP CSI-RS based interference, NR supports the following alternative:
· Alt.1, a single CSI-RS resource for both channel and interference measurement

Conclusions
In this contribution, we discuss some remaining issues of CSI measurement, Based on the above discussions, we have the following proposals:
Proposal 1: For non-PMI codebook, NR supports Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback. 
Proposal 2: For non-PMI codebook, NR supports dynamic signaling to indicate the port selection for CQI calculation, e.g.,
· RRC  + DCI
· RRC indicates M configurations of port selection
· DCI indicates which out of M to be used for the UE
Proposal 3: For NZP CSI-RS based interference, NR supports the following alternative:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
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