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Introduction
In RAN1 NR AH#3, the following agreement was reached on non-PMI CSI feedback for full channel reciprocity based operation: 
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

On interference measurement based on NZP CSI-RS resources, the following agreement was reached in RAN1 NR AH#3:
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

On ZP CSI-RS based IMR, the following agreement was reached in RAN1 NR AH#3:
Agreement:
· Confirm the working assumption: NR supports semi-persistent IMR based on ZP CSI-RS for interference measurement for CSI feedback
Contents of R1-1716902 have been agreed

In this contribution, we discuss further on non-PMI feedback, interference measurement based on NZP CSI-RS, and remaining details of ZP CSI-RS based IMR and measurement restriction.
CSI Feedback for Full Channel Reciprocity
It was agreed in RAN1#88bis that non-PMI feedback will be supported for full channel reciprocity in NR in which RI, PMI and CQI are calculated at a UE based on a codebook, but only RI and CQI are reported.   This assumes that the full downlink channel can be obtained from uplink sounding due to channel reciprocity while the feedback provides information about noise and interference as well as taking receiver algorithms into account when calculating CQI.
In RAN1 NR AH#3, it was narrowed down to two alternatives. It was also agreed to further downselect from the two alternatives in this meeting.
Alt. A: Port selection codebook is used for CQI calculation for non-PMI feedback
In Alt. A, a port selection codebook is used for RI and CQI calculation, where each column of each precoding matrix in the port selection codebook contains only one non-zero entry. Up to 8 CSI-RS ports and 8 layers are supported.  Codebook subset restriction (CBSR) is used to indicate a single precoder per rank in the codebook used for CQI calculation.  Whether this indication is done dynamically by using L1/L2 signaling or semi-statically by using RRC signaling is open for discussion.
For the port selection codebook, an identity matrix based codebook should be adequate for the purpose. We don’t see the need of design a new port selection codebook other than an identity matrix based one.  The remaining question is whether the CBSR is signaled with L1/L2 signaling or RRC signaling. 
Table 1 shows the number of bits required for CBSR based on a bitmap at each rank for a CSI-RS resource of 8 ports.  For full flexibility of precoder selection, total number of bits required for all ranks is 254bits.  This is clearly not possible via DCI and may even be infeasible for MAC CE.  Some restrictions may be imposed to reduce the number of bits, but the number of bits required for CBSR is still too large for dynamic signaling.   Semi-static signaling vis RRC is possible, but the use case for semi-static CBSR in this case is unclear. 
[bookmark: _Toc494732418]Up to 254 bits are required for signaling CBSR with an 8-port CSI-RS resource, dynamic signaling of CBSR is clearly not feasible. 
[bookmark: _Toc494732419]Use case for semi-static signaling of CBSR for non-PMI CSI feedback in Alt. A is unclear. 
[bookmark: _Ref494457214]Table 1: Number of bits required for full flexible CBSR.
	Number of ports
	Rank
	Length of bitmap

	8
	1
	8

	8
	2
	28

	8
	3
	56

	8
	4
	70

	8
	5
	56

	8
	6
	28

	8
	7
	8

	8
	8
	0



Our understanding is that the proponents of this alternative want to dynamically select a precoder or ports through dynamic CBSR signaling. One of the arguments was that it allows sharing a CSI-RS resource with multiple UEs dynamically, in which different ports may be dynamically allocated to different UEs in case of MU-MIMO. Firstly, with full channel reciprocity, gNB has more accurate channel information and there should be little MU interference when zero-forcing type of precoder is used. Thus, MU-MIMO is unlikely a typical use case here.  Secondly, even when MU CQI is to be estimated, instead of sharing a CSI-RS resource, each UE can be allocated with different CSI-RS resources.
Alt. B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
In Alt. B, an identity matrix based codebook is assumed. Like in Alt. A, a CSI-RS resource of up to 8 ports and 8 MIMO layers are supported.  N ports will be selected for rank N.  Our interpretation is that a UE can be signaled with N ports if the maximum rank is N. The UE will calculate and report a rank R that may be equal to or less than N.  The difference from Alt. A is that the precoder for each rank is fixed and for rank R, the precoder consists of the first R columns of the identity matrix.   The remaining question is whether the port index indication is dynamic via L1/L2 or semi-static via RRC. 
Table 2 shows the number of bits required to signal a set of ports out of an 8-port CSI-RS resource. For full flexibility, i.e., any combination of ports may be selected, up to 7 bits are needed to select 4 ports from an 8-port CSI-RS resource. This is different from Alt. A because the number of ports has been configured for a UE. However, 7 bits are still too large for dynamic signaling via DCI.  
[bookmark: _Toc494732420]Up to 7 bits are required in Alt. B for full flexible port index indication with an 8 ports CSI-RS resource, dynamic signaling is clearly not feasible. 
[bookmark: _Ref494459508]
Table 2:  Number of bits required for port index indication.
	Number of ports in a CSI-RS resource 
	Number of ports to select
	Combinations
	Number of bits to signal

	8
	1
	8
	3

	8
	2
	28
	5

	8
	3
	56
	6

	8
	4
	70
	7

	8
	5
	56
	6

	8
	6
	28
	5

	8
	7
	8
	3

	8
	8
	0
	0



In general, the use case of port index indication is unclear. In addition, the agreed NR CSI framework includes resource settings, resource sets and resources. Port index indication is not part of the current CSI framework and if it is supported, it would make the CSI framework very complicated. If the motivation for port index indication is to share a CSI-RS resource with 4 ports, for example, between two UEs, it would be better to allocate two CSI-RS resources each for one UE with the proper number of ports.  For example, for a UE with 4Rx, a 4-port CSI-RS resource is configured and for a UE with 2Rx, a 2-port CSI-RS is configured.
[bookmark: _Toc494732421]The use case of port index indication is unclear. Supporting it would make the CSI framework complicated.
Therefore, dynamic signaling either the CBSR bitmap in Alt. A or the port index indication in Alt. B is not feasible. So from our perspective, Alt. B is slightly preferred with port index signaled via RRC signaling.
[bookmark: _Toc492801869][bookmark: _Toc492802272][bookmark: _Toc492803254][bookmark: _Toc492817980][bookmark: _Toc492818112][bookmark: _Toc492905817][bookmark: _Toc492907707][bookmark: _Toc494493510][bookmark: _Toc494565691][bookmark: _Toc494565706][bookmark: _Toc494565726][bookmark: _Toc494566221][bookmark: _Toc494572187][bookmark: _Toc494727099][bookmark: _Toc494728633][bookmark: _Toc494731821][bookmark: _Toc494732426]For non-PMI CSI feedback for reciprocity operation, Alt. B with port index indication signaled via RRC is supported and the number of ports selected/indicated can be the same as the number of ports in the CSI-RS resource. 
Interference Measurement with NZP CSI-RS
In RAN1 NR AH#3, it was agreed that a UE can be configured with a set of NZP CSI-RS ports for interference measurement. Two alternatives on how the NZP CSI-RS for channel and interference measurement are to be down selected in this meeting:
· 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 

The two alternatives have different impacts on the CSI framework and dynamic signalling overhead. We discuss below those aspects for each of the two alternatives.
Alt.1. a single CSI-RS resource for both channel and interference measurement
The main use case for using NZP CSI-RS as interference measurement resource (IMR) is MU-MIMO in which a NZP CSI-RS for one UE in a MU group may be used by other UEs in the same MU group to measure interference from that UE.  In this case, the NZP CSI-RS is UE specifically precoded or beamformed.  A typical use case is that a gNB has already some knowledge of the precoder information of each UE and a preliminary UE pairing is done for a MU-MIMO transmission. The gNB does not, however, know the mutual interference between the UEs paired and thus the correct CQI for link adaptation.  To obtain the correct CQI, the gNB emulate the MU-MIMO transmission on CSI-RS with each MU layer transmitted on a CSI-RS port. 
In Alt. 1, a single CSI-RS resource is configured for a UE.  The UE is indicated which ports are for channel measurement and which ports are for MU interference measurement.  To support MU-MIMO with up to 12 layers (which was agreed for DMRS design), a NZP CSI-RS resource of 12 ports is needed. An example is shown in Figure 1. In this example, 4 bits are needed for signaling the starting CSI-RS ports and additional 2 bits for signaling the number of ports (assuming a maximum of 4 antenna ports per UE). So up to 6 bits are needed for dynamically signaling the ports for channel measurement.  

[bookmark: _Ref494489132]Figure 1:  An example of a NZP CSI-RS resource with 12 ports in Alt.1
Table 2 shows the number of bits required for signaling the ports for channel measurement for 4,8 and 12 ports CSI-RS resources.
[bookmark: _Ref494203604]Table 3: The number of bits required in Alt. 1 for different NZP CSI-RS resource configurations.
	Bits required
	NZP CSI-RS resource configuration

	
	12 ports
	8 ports
	4 ports

	Starting port index
	4
	3
	2

	 Number of ports
	2
	2
	2

	Total number of bits
	6
	5
	4



For signaling the ports for interference measurement, a bitmap of up to 12 bits may be used. Another option could be to assume that all other ports not for channel measurement are for interference measurement.

[bookmark: _Toc494732422]For interference measurement with NZP CSI-RS resource, up to 6 bits are required for dynamically signaling the ports for channel measurement in Alt.1.
In addition, Alt.1 requires the introduction of a port level selection in the CSI framework in addition to resource setting, resource set and resources selections as shown in Figure 2.  This would complicate the CSI framework further. Note that the agreed CSI framework already contains 3 levels. Adding a fourth level, the port level, would make dynamic signalling very complicated.  Dynamic port selection in Alt.1 would add another level of resource selection in the CSI framework.

[bookmark: _Ref494488337]Figure 2: Illustration of CSI framework for supporting interference measurement with Alt.1.
Alt.2, separately configured CSI-RS resources for channel and interference measurement
In Alt. 2, a UE is configured with multiple NZP CSI-RS resources each corresponding to a co-scheduled UE participating in MU-MIMO. One of the NZP CSI-RS resource is for channel measurement by the UE and the rest NZP CSI-RS resources are for interference measurement.  An example is shown Figure 3, where 6 2-ports NZP CSI-RS resources are configured in a resource set. With two-port CSI-RS resources, each UE is limited to maximum 2-layers in MU-MIMO, but it is likely the most typical use case for MU-MIMO. The number of NZP CSI-RS resources in a resource set can be determined by the number of UEs to be participated in MU-MIMO. 
UE1 (resource 0)
UE2 (resource 1)
UE3 (resource 2)
UE4 (resource 3)
UE feedback CRI, RI, CQI
gNB signals the resource set

[bookmark: _Ref494489821]Figure 3: An example of Alt.2 with 6 two-port NZP CSI-RS resources in a resource set.
For channel measurement, in one option a UE is dynamically signaled with a NZP CSI-RS resource in the resource set, 3bits are needed for up to 8 NZP CSI-RS resources in the resource set.   In another option, the NZP CSI-RS resource for channel measurement is not signaled to the UE. Instead, the UE measures all the NZP CSI-RS and selects one resource for channel measurement. The UE then feeds back a CRI and corresponding RI and CQI, like in Class B K>1 in LTE.   In most cases, the correct CSI-RS resource should be selected since the MU interference should be much smaller than the desired signal at the UE (if the UE selects a CSI-RS resource which is different from the intended one, the MU interference will be very large and the MU co-scheduling hypothesis should be discarded anyway). The CRI feedback can be used by the gNB to further verify/confirm the correctness of resource selection. 
For interference measurement resource, a UE should assume the rest of the CSI-RS resources in the resource set are for interference measurement, thus no dynamic signaling is needed.
[bookmark: _Toc494732423]For interference measurement with NZP CSI-RS in Alt. 2, dynamic signaling of NZP CSI-RS resource can be avoided for both channel and interference measurement.
In addition, Alt.2 also fits in the agreed CSI framework well as illustrated in Figure 4, where the same source set is configured for both resource setting A for channel measurement and resource setting B for interference measurement. There is no dynamic resource or port selection.
Furthermore, Alt. 2 supports evaluating different MU scheduling hypotheses by pre-configuring different CSI-RS resource sets, where each resource set contains different CSI-RS resources beamformed towards different UEs. By triggering different resource sets (using the mechanisms in the already agreed CSI framework), the gNB can obtain CQI for different co-scheduling hypotheses, which is the main benefit of introducing NZP CSI-RS based IMR. 

[image: ]
[bookmark: _Ref494493041]Figure 4: Signaling for interference measurement for Alt.2.
Based on the discussion and observation, we have the following proposal:
[bookmark: _Toc492905810][bookmark: _Toc492907700][bookmark: _Toc492905811][bookmark: _Toc492907701][bookmark: _Toc494493511][bookmark: _Toc494565692][bookmark: _Toc494565707][bookmark: _Toc494565727][bookmark: _Toc494566222][bookmark: _Toc494572188][bookmark: _Toc494727100][bookmark: _Toc494728634][bookmark: _Toc494731822][bookmark: _Toc494732427]For NZP CSI-RS based MU interference measurement, Alt.2 is supported in which a set of NZP CSI-RS resources is signaled to each UE. 
· [bookmark: _Toc494493512][bookmark: _Toc494565693][bookmark: _Toc494565708][bookmark: _Toc494565728][bookmark: _Toc494566223][bookmark: _Toc494572189][bookmark: _Toc494727101][bookmark: _Toc494728635][bookmark: _Toc494731823][bookmark: _Toc494732428][bookmark: _Toc492905813][bookmark: _Toc492907703]A UE is dynamically indicated with the set of NZP CSI-RS resources
· [bookmark: _Toc494493513][bookmark: _Toc494565694][bookmark: _Toc494565709][bookmark: _Toc494565729][bookmark: _Toc494566224][bookmark: _Toc494572190][bookmark: _Toc494727102][bookmark: _Toc494728636][bookmark: _Toc494731824][bookmark: _Toc494732429]The UE selects a NZP CSI-RS resource in the resource set for RI and CQI measurement by assuming the rest of the NZP CSI-RS resource in the resource set are for interference measurement
· [bookmark: _Toc494493514][bookmark: _Toc494565695][bookmark: _Toc494565710][bookmark: _Toc494565730][bookmark: _Toc494566225][bookmark: _Toc494572191][bookmark: _Toc494727103][bookmark: _Toc494728637][bookmark: _Toc494731825][bookmark: _Toc494732430]The UE feedbacks a CRI, RI and CQI
· [bookmark: _Toc492905814][bookmark: _Toc492907704][bookmark: _Toc494493515][bookmark: _Toc494565696][bookmark: _Toc494565711][bookmark: _Toc494565731][bookmark: _Toc494566226][bookmark: _Toc494572192][bookmark: _Toc494727104][bookmark: _Toc494728638][bookmark: _Toc494731826][bookmark: _Toc494732431]The RI and CQI are calculated by assuming a codebook with a single entry for each rank
· [bookmark: _Toc492905815][bookmark: _Toc492907705][bookmark: _Toc494493516][bookmark: _Toc494565697][bookmark: _Toc494565712][bookmark: _Toc494565732][bookmark: _Toc494566227][bookmark: _Toc494572193][bookmark: _Toc494727105][bookmark: _Toc494728639][bookmark: _Toc494731827][bookmark: _Toc494732432] The entry for rank K consists of the first K columns of a RxR identity matrix, where R is the number of NZP CSI-RS ports of the NZP CSI-RS resource for channel measurement
ZP CSI-RS as IMR
ZP CSI-RS as IMR has been agreed in NR, but the details of RE patterns are still to be decided. In LTE, one of the use cases of ZP CSI-RS was to improve channel estimation in CoMP operation by muting some PDSCH REs. For this purpose, the RE patterns available for ZP CSI-RS allocation are the same as for NZP CSI-RS. The same motivation remains applicable in NR and thus, ZP CSI-RS should be configured on the same REs available for NZP CSI-RS.  On the other hand, when ZP CSI-RS is used for interference measurement, it is desirable to collide the ZP CSI-RS with PDSCH in neighbor cells, but this can be achieved by proper CSI-RS resource allocation between neighbor cells. 
[bookmark: _Toc494732424]ZP CSI-RS should be configured on the same REs available for NZP CSI-RS.
In LTE, ZP CSI-RS is configured with a 16bit bitmap with each bit associated with a 4-port CSI-RS resource. The selection of 4 ports per bit was a trade-off between muting flexibility, estimation accuracy and signaling overhead.  In LTE, CSI-RS REs are nested, i.e.  an 8-port resource comprises two 4-port resources and a 4-port resource comprises two 2-port resources. This fully nested feature does not exist in NR, e.g.  an 8-port resource does not contain two 4-port resources. Thus a slightly different approach may be needed in NR.  In NR, the basic building block of CSI-RS is two adjacent REs (2x1) in an OFDM symbol.  Also, it was agreed that at least four OFDMS symbols, {6th,7th, 13th, 14th}, in a slot structure can be configured for CSI-RS transmission.   
One possibility is to use a bitmap for ZP CSI-RS with each bit associated with a 2x1 component as shown in Figure 5.  To cover 4 OFDM symbols, 24bits can be used.  A ZP CSI-RS based IMR can be configured with one or more 2x1 component.   
[bookmark: _Toc494565698][bookmark: _Toc494565713][bookmark: _Toc494565733][bookmark: _Toc494566228][bookmark: _Toc494572194][bookmark: _Toc494727106][bookmark: _Toc494728640][bookmark: _Toc494731828][bookmark: _Toc494732433]ZP CSI-RS is configured with a bitmap with each bit associated with a 2x1 component REs.

[bookmark: _Ref494572027]Figure 5: Using a bitmap to indicate ZP CSI-RS resource.
Simulation results
To determine how many REs a UE needs to measure on to attain a good inter-cell interference estimate, we present evaluation results where ideal interference measurements for CQI calculation is compared against realistic interference measurements based on CSI-IM with {2, 4, 6, 8}  REs per PRB. The simulations are performed in 3GPP 3D UMi using an 8x4 antenna array with 2x1 virtualization, with SU-MIMO scheduling. The FTP-1 traffic model with 100kB packet size is used and performance is evaluated at 70% resource utilization. Other assumptions are according to the Appendix. Realistic interference estimation is modelled by generating samples of the Wishart distribution with different degrees-of-freedom. Overhead for CSI-IM is not reflected in the evaluation results, only the interference estimation quality for CQI calculation.  The evaluation results are presented in Table 4. As can be seen, with only 2 REs/PRB a 15% cell edge loss is observed compared to ideal interference estimation. With 4 REs/PRB, the loss is only 8% and with 6 REs/PRB only 4%. However, since CSI-IM overhead is not included, it is not certain that a 6 RE CSI-IM will outperform a 4 RE CSI-IM in the end.
[bookmark: _Ref494728432]Table 4: Performance of interference estimation with differently sized CSI-IM
	
	Cell edge throughput [bps/Hz/user]
	Normalised User Throughput [bps/Hz/user]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Ideal interference measurement
	0.2993
	1.7118
	0
	0

	2 CSI-IM REs/RB
	0.25416
	1.5849
	-15
	-7

	4 CSI-IM REs/RB
	0.27657
	1.6522
	-8
	-3

	6 CSI-IM REs/RB
	0.28631
	1.6886
	-4
	-1

	8 CSI-IM REs/RB
	0.29076
	1.6942
	-3
	-1


[bookmark: _Toc494732425]A CSI-IM size of 4-6 REs/PRB gives sufficient interference estimation quality
Measurement Restriction (MR)
Interference MR for both in time and frequency domain has been explicitly agreed while for channel MR, only time domain restriction is explicitly agreed.  MR in the frequency domain would allow the UE to measure only on a portion of a band occupied by eMBB traffic, thus increasing the accuracy of both the interference and channel measurement. With the introduction of a CSI reporting band, which defines a subset of subbands to reporting CSI , frequency-domain measurement restriction is effectively introduced on a subband basis. This enables different services, potentially with different numerologies, be supported in different parts of the band. In our view, no additional frequency-domain MR restriction needs to be introduced.  
[bookmark: _Toc494728641][bookmark: _Toc494697382][bookmark: _Toc494726293][bookmark: _Toc494727107][bookmark: _Toc494728642][bookmark: _Toc494731829][bookmark: _Toc494732434][bookmark: _Hlk485333288][bookmark: _Toc471123540][bookmark: _Toc471125241][bookmark: _Toc471300484][bookmark: _Toc471722275][bookmark: _Toc473792399][bookmark: _Toc473792556][bookmark: _Toc478082622][bookmark: _Toc478084413][bookmark: _Toc478084601][bookmark: _Toc481668655][bookmark: _Toc481739762][bookmark: _Toc485033067][bookmark: _Toc489862508][bookmark: _Toc492311609][bookmark: _Toc494565699][bookmark: _Toc494565714][bookmark: _Toc494565734][bookmark: _Toc494566229][bookmark: _Toc494572195][bookmark: _Hlk494724989]Frequency domain channel and interference measurement restriction configuration is achieved by configuring a CSI reporting band which spans only a subset of subbands in BWP. No additional mechanism is needed.
[bookmark: _Toc494565700]For MR in time domain, one shot measurement of channel and interference has been agreed.  Our understanding of one slot measurement is that the measurement is done using a single measurement resource in a single slot.  Time domain interference measurement restriction configuration can be achieved by configuring the IMR either to measure interference in a single slot (one shot) or an unrestricted number of slots (no restriction). Similarly, time domain channel measurement restriction for periodic and semi-persistent CSI-RS can be achieved by configuring channel MR in the CSI reporting setting to either one slot or unrestricted. 
[bookmark: _Toc471117071][bookmark: _Toc471123538][bookmark: _Toc471125239][bookmark: _Toc471300482][bookmark: _Toc471722273][bookmark: _Toc473792397][bookmark: _Toc473792554][bookmark: _Toc478082620][bookmark: _Toc478084411][bookmark: _Toc478084599][bookmark: _Toc481668652][bookmark: _Toc481739759][bookmark: _Toc485033063][bookmark: _Toc489862506][bookmark: _Toc492311607][bookmark: _Toc494565701][bookmark: _Toc494565715][bookmark: _Toc494565735][bookmark: _Toc494566230][bookmark: _Toc494572196][bookmark: _Toc494727109][bookmark: _Toc494728643][bookmark: _Toc494731830][bookmark: _Toc494732435]Time domain measurement restriction for channel or interference is achieved by configuring MR either to measure channel or interference in a single slot (one shot) or an unrestricted number of slots (no restriction).
[bookmark: _Toc494565702][bookmark: _Toc494565716]Further detailed discussion on measurement restriction can be found in our companion contribution [2].
Conclusions
In this contribution, we made the following observations:
Observation 1	Up to 254 bits are required for signaling CBSR with an 8-port CSI-RS resource, dynamic signaling of CBSR is clearly not feasible.
Observation 2	Use case for semi-static signaling of CBSR for non-PMI CSI feedback in Alt. A is unclear.
Observation 3	Up to 7 bits are required in Alt. B for full flexible port index indication with an 8 ports CSI-RS resource, dynamic signaling is clearly not feasible.
Observation 4	The use case of port index indication is unclear. Supporting it would make the CSI framework complicated.
Observation 5	For interference measurement with NZP CSI-RS resource, up to 6 bits are required for dynamically signaling the ports for channel measurement in Alt.1.
Observation 6	For interference measurement with NZP CSI-RS in Alt. 2, dynamic signaling of NZP CSI-RS resource can be avoided for both channel and interference measurement.
Observation 7	ZP CSI-RS should be configured on the same REs available for NZP CSI-RS.
Observation 8	A CSI-IM size of 4-6 REs/PRB gives sufficient interference estimation quality

Based on the discussion in this contribution we propose the following:
Proposal 1	For non-PMI CSI feedback for reciprocity operation, Alt. B with port index indication signaled via RRC is supported and the number of ports selected/indicated can be the same as the number of ports in the CSI-RS resource.
Proposal 2	For NZP CSI-RS based MU interference measurement, Alt.2 is supported in which a set of NZP CSI-RS resources is signaled to each UE.
	A UE is dynamically indicated with the set of NZP CSI-RS resources
	The UE selects a NZP CSI-RS resource in the resource set for RI and CQI measurement by assuming the rest of the NZP CSI-RS resource in the resource set are for interference measurement
	The UE feedbacks a CRI, RI and CQI
	The RI and CQI are calculated by assuming a codebook with a single entry for each rank
	The entry for rank K consists of the first K columns of a RxR identity matrix, where R is the number of NZP CSI-RS ports of the NZP CSI-RS resource for channel measurement
Proposal 3	ZP CSI-RS is configured with a bitmap with each bit associated with a 2x1 component REs.
Proposal 4	Frequency domain channel and interference measurement restriction configuration is achieved by configuring a CSI reporting band which spans only a subset of subbands in BWP. No additional mechanism is needed.
Proposal 5	Time domain measurement restriction for channel or interference is achieved by configuring MR either to measure channel or interference in a single slot (one shot) or an unrestricted number of slots (no restriction).
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Simulation Parameters
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 

	Antenna Configurations
	8x4, 2x1 virtualization

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2 
Type I codebook

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	43 dBm (UMi)

	Traffic model
	FTP Model 1, 100 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modelled.
Interference estimation error modeled, CSI-IM overhead not accounted for.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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