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1. Introduction

At the previous meetings (RAN1 #88b), it was agreed that:
· For interference measurement, down selection from options will be conducted.

· NZP CSI-RS based

· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)

· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· DM-RS based

· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)

· Opt. B2: Estimation on DM-RS for other UEs

· Criteria for design and down selection are as follows.

· Required RS densities

· UE processing latency

· Support of self-contained CSI reporting (if supported) at least depends on the location of IMR.

· FFS: Whether the emulation is performed at TRP side or UE side

· FFS: RAN1 specification impact, if any, on the options above

The accuracy of interference measurement will impact the CSI performance, and further impact the scheduling and link adaptation performance. In NR systems, the interference a UE experiencing may come from neighbor TRPs, co-scheduled UEs in the same TPR on the same time/frequency resources, or cross data layers from coordinated TRPs. The interference measurement resource may be quite different for different scenarios. In this contribution, we give analysis on the above listed options for interference measurement. 
2. NZP CSI-RS for interference measurement
2.1 Opt. A1 

2.1.1 NZP CSI-RS based interference measurement mechanism
ZP CSI-RS has been agreed as interference measurement resource in previous several meetings, which can be used to measure interference on measurement instance. However, there are some drawbacks as we pointed out in previous meetings, such as incapability in capturing MU interference. As a complement to ZP CSI-RS, NZP CSI-RS based interference measurement had been proposed. NZP CSI-RS can be effectively used to measure inter-cell interference, MU interference, and cross layer interference from coordinated TRPs. In this section, we focus on adopting NZP CSI-RS for measuring inter-cell and MU interference, and will discuss the interference measurement by means of A2 and take non-coherent Joint Transmission (NCJT) as a typical use case in Sec. 2.2. 

Some schemes strive to capture MU interference by emulating MU transmission on some resources. Therefore, besides NZP CSI-RS resource for channel acquisition, additional resources are required to be configured for the purpose of MU interference measurement. It is noted that these additional resources are particular UE specific and hardly shared among UEs. Hence, when a cell has a large number of activated UEs, the resource overhead for emulating MU hypothesis may be huge. On the other hand, the measurement of inter-cell interference needs to be taken into account. It is known that the inter-cell interference may change dramatically for each subframe especially for cell edge UEs. Therefore, the inaccurate prediction of inter-cell interference will become the bottleneck of the CQI calculation accuracy and contribute to errors in MCS determined for PDSCH. In other words, there is a mismatch between the interference experienced at the measurement subframe and at the scheduled subframe, or between the reported CQI and the actual SINR for PDSCH. Fundamentally this mismatch cannot be eliminated by, e.g., shorter reporting delay, more accurate interference estimation, or other mechanisms supported in existing standards.  

Observation 1: Inter-cell interference variations in time cause mismatch between reported CQI and actual SINR, which cannot be eliminated by existing mechanisms.
To address these issues, the NZP CSI-RS is proposed to be used for interference measurement and described as bellow.

A NZP CSI-RS resource is configured, where the RE locations of the resource are at least the same for UEs in several adjacent TRPs, which is illustrated in Figure 1.
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Figure 1. NZP CSI-RS resource for adjacent TRPs 
Based on some prior CSI information, the TRP determines to schedule (paired) UEs on subframe n+k. However the accurate CQI/MCS reflecting the interference on subframe n+k are not obtained yet. To this aim, the TRP transmits the NZP CSI-RS on subframe n to each UE, where the precoder on these CSI-RS is identical to that for PDSCH on subframe n+k. These CSI-RS can be viewed as emulation of PDSCH transmission on subfame n+k. If all surrounding cells are following the similar behavior as this TRP for subframes n and n+k, then the CSI-RS transmission on subframe n will reflect the real PDSCH transmission on n+k. The process of utilizing the NZP CSI-RS for interference measurement to eliminate the SINR mismatch between CQI report and actual PDSCH is illustrated in Figure 2. 
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Figure 2. The process of utilizing the NZP CSI-RS for interference measurement
At the UE side, the channel is firstly estimated. Then the received signal intended for the UE can be reconstructed. After subtracting intended received signal, the remaining signal will be inter-cell and MU interference.

· Discussion on interference measurement accuracy
Some concerns raised in previous several meetings are that the overlapping of NZP CSI-RS from multiple TRPs may impact the accuracy of channel estimation and hence the interference measurement performance. Here we further discuss what factors may impact the channel estimation performance. Firstly, the CSI-RS ports between MUs are orthogonal in code, time or frequency domain. So there should be no or very little impact on the channel estimation performance due to MU interference. Inter-cell interference may also impact the accuracy of channel estimates, and the impact may be related to the number of UEs simultaneously performing NZP CSI-RS based interference measurements in the neighborhood and their associated beamforming directions. The key factor is the SINR of the NZP CSI-RS. Apparently there is no inaccuracy issue when UEs are localized in the center of the cell, where the signals are sufficiently strong. 
Additionally, the accuracy of channel estimates might be improved further thanks to beamforming gain since the NZP CSI-RS under consideration are beamformed. With proper beamforming, the signal strength is further increased and generally interference strength is decreased. Thus, channel estimation accuracy can still be high for overlapped NZP CSI-RS due to beamforming which leads to increased SINR. A possible exception to this argument is that the UE may also receive strong flashlight interference. In general, however, the probability of this occurring is low, and when it does occur, it is desirable to avoid scheduling these UEs on the same time/frequency resources via proper network coordination. That is, such strong flashlight interference issue should be generally resolved by implementation solutions. Hence, NZP CSI-RS based interference measurement can work for most cases.
Figure 3 illustrates the channel estimation performance based on LTE NZP CSI-RS, which shows that even at around 0 dB SNR, the channel estimation MSE is still quite low. Note that this figure assumes 1 RE per PRB per port and 50 PRBs in a subframe. If the UE is not scheduled with 50 PRBs, an offset should be applied. Clearly, for low-SINR UEs, PRB bundling can be effective in boosting channel estimation performance. Therefore, the impact of overlapped NZP CSI-RS on signal estimation and interference measurement, and hence on CQI/MCS determination, can be limited.
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Figure 3. Channel estimation performance based on NZP CSI-RS (1 RE per PRB per port, 50 RBs, @ 2.1 GHz; time-domain PDP based channel estimation: convert received signal on one subframe to time domain, generate a PDP, remove low-power paths based on long-term SNR, and convert back to frequency domain; MSE normalized by signal power)
In some extreme cases, e.g., the cell edge UEs with high load in neighbor cells and without proper coordination, the inter-cell interference may be relative strong, causing the channel estimation to degrade severely. A unified RS framework with joint usage of ZP CSI-RS and NZP CSI-RS can resolve this issue, as proposed as follows.

2.1.2 Hybrid NZP and ZP CSI-RS for interference measurement
An example as shown in Figure 4 illustrates how the hybrid NZP and ZP CSI-RS based interference measurement works, using current CSI framework under discussion. 
One resource pool for interference measurement consists of 
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resources, and can be configured by RRC. At least adjacent cells should configure the same resource pool for the purpose of prediction of interference on subframe n+k. Which resources are NZP can be randomly selected by each TRP and indicated to UE via RRC signaling. The remaining resources are ZP. This resource pool for interference measurement can be a subset of the resource pool configured in the CSI framework. 
These resources in the resource pool are related to two resource settings, one with the configured NZP CSI-RS and one with the remaining ZP CSI-RS. The NZP CSI-RS is used for channel measurement, and it can also be further used for interference measurement by subtracting the desired signal based on the channel measurement. The ZP CSI-RS is used for the measurement of remaining interference. The total interference power is the sum of interference power measured from each resource of the resource pool. Therefore, the NZP CSI-RS is linked to a reporting setting by two links, one for interference and one for channel, and the NZP CIS-RS can be shared for channel and interference measurement. By this way, the inter-cell interference for one UE will be randomly distributed within the resources pool. Thus the interference on NZP CSI-RS will be leveraged and channel estimation performance can be guaranteed.
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Figure 4. Resource pool for interference measurement
For instance, a resource pool is composed of 2 resources, and the resource pool is identical for adjacent 4 TRPs, as shown in Fig.5. In TRP0 and TRP1, the same one resource is configured as NZP, while for TRP0 and TRP1, other resource is as NZP. Here we can see the NZP in one TRP is only polluted by adjacent TRPs whose REs are also configured as NZP. So the interference in each NZP CSI-RS is half comparing with NZP only scheme in this example. For one UE, the sum of the interference on ZP and NZP CSI-RS will be the accurate interference on the following PDSCH on subframe n+k.
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Figure 5. Joint usage of ZP CSI-RS and NZP CSI-RS
For the resource pool configuration, the first level signaling like higher layer signaling can be used to configure the multiple CSI-RS resources, and also select the resource as NZP CSI-RS from pool. The remaining resources are ZP by default. Then the second level signalling like DCI indicates which port(s) within the NZP resource are used for channel measurement.
Proposal 1: support Option A1, i.e., NZP CSI-RS based interference measurement, where interference can be obtained by subtracting constructed intended CSI-RS signal from Rx signal.

Proposal 2: support the joint usage of NZP CSI-RS and ZP CSI-RS resources for interference measurement for the purpose of estimation accuracy. 

2.2 Opt. A2
Opt A2 is another UE behavior to measure interference by NZP CSI-RS. This method multiplies channel matrix and precoding matrix as a value for interference. It has use cases in coordinated transmission schemes, especially to measure inter-layer interference. We take non-coherent joint transmission (NCJT) as a coordinated transmission scheme example for following illustration. In NCJT, different data layers can be transmitted from different TRPs. For example, in Figure 6, TRP1 and TRP2 are two coordinated TRPs performing NCJT to an UE with different data layers from each coordinated TRP.  
In the CSI measurement stage, the CSI-RS for CSI measurement can be non-precoded CSI-RS, or it can also be beamformed CSI-RS. Suppose non-precoded CSI-RS is used. UE would measure the channel matrix H1 over NZP CSI-RS1 from TRP1 and then select W1 as a preferred precoding matrix which is the precoding matrix that PMI1 indicates. The same as selecting W2 over NZP CSI-RS2 from TRP2 with H2, where the W2 is the precoding matrix that PMI2 indicates. With H1, W1, H2, W2 at UE side, the inter-layer interference emulation can be performed at UE side, i.e., when measuring CSI1, the signal part refers to H1, W1, while the inter-layer interference part refers to H2, W2. The same when measuring CSI2, i.e. the signal part of CSI2 refers to H2, W2, while the inter-layer interference part refers to H1, W1. ZP CSI-RS can be configured additionally, which aims for the interference from the TRPs outside the transmission set. A complete interference in NCJT consists of the inter-layer interference part and the interference outside the transmission set, as shown in Figure 6.
It would be better that NZP CSI-RS1 and NZP CSI-RS2 are not overlapped, since it may cause unexpected CSI-RS interference on the overlapped resource affecting channel estimation accuracy. Besides, in coordinated scenario, overlapped NZP CSI-RS is not a necessity due to possible non-ideal backhaul. The CSI-RS for CSI measurement can also be beamformed CSI-RS with measurement similar to the measurement with non-precoded CSI-RS. With beamformed CSI-RS, the selected precoding matrix is matched to the equivalent channel under beamformned CSI-RS. The corresponding CSI-RS configurations with resource setting, reporting setting, CSI measurement setting is shown in Figure 7 for the CSI1 measurement in NCJT, where NZP CSI-RS1 is for channel part; NZP CSI-RS2 is for inter-layer interference part; ZP CSI-RS1 is for the interference outside the transmission set. 
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Figure 6. CSI1 measurement in NCJT
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Figure 7. Configurations for CSI1 measurement for Opt.A2 
System performances are compared between two cases. In case1, inter-layer interference is not considered in CSI measurement. That is, ZP CSI-RS is used to measure interference with one TRP muting. The interference for CSI1 is measured with TRP1 muting based on ZP CSI-RS1 from TRP1. The interference is a power value which consists of the relatively strong beamformed interferences and residual relatively weak interferences. Inside the interference, the inter-layer interference required by NCJT is not involved. Similarly, the interference for CSI2 is measured with TRP2 muting based on ZP CSI-RS2 from TRP2. In case2, inter-layer interference is involved and is measured respectively, and is added to the ZP CSI-RS based interference like the practice in case1. Therefore, in case2, the total interference for CSI1 is a summation of H2, W2 based inter-layer interference and ZP CSI-RS1 based interference. Similarly, the interference for CSI2 is a summation of H1, W1 based inter-layer interference and ZP CSI-RS2 based interference. The system performances for the two cases are shown in Figure 8. The results show that when RU is around 5%, compared to case1, case2 results in 9.55% performance gain for cell average throughput, 18.26% performance gain for 5% UPT, 7.83% performance gain for 50% UPT, 1.95% performance gain for 95% UPT; when RU is around 20%, compared to case1, case2 results in 11.49% performance gain for cell average throughput, 17.53% performance gain for 5% UPT, 7.54% performance gain for 50% UPT, 3.87% performance gain for 95% UPT. The simulation assumptions are shown in Table1 in Appendix. 
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Figure 8. Performance gain for case2 compared to case1
The performance differences show that with inter-layer interference accounted, the CSI measurement enhances NCJT system performances. Thus, it is observed from Figure 8 that inter-layer interference needs to be measured as accurate as possible. The convincing way to measure an interference with convincing accuracy is measuring its channel matrix and precoding matrix for further CQI derivation.  
Observation 2: Inaccurate inter-layer interference in coordinated transmission schemes degrades system performance. Acquire the channel matrix and precoding matrix of the interference would enhance the accuracy of interference measurement.
To measure the inter-layer interference as a part of the total interference, pure ZP CSI-RS may be used to measure it.  Pure NZP CSI-RS by Opt A2 is also feasible to measure it. However, the pure ZP CSI-RS would cause larger UE processing latency compared to Opt. A2.  Detailed comparison is shown in below. 
· UE processing latency

If pure ZP CSI-RS is used to measure inter-layer interference in FDD system, it would require two measurements. The first measurement would decide the precoding matrices for TRP1 and TRP2 when performing NCJT. The second measurement is performed under the determined precoding matrices for TRP1 and TRP2. Only under the determined precoding matrices, the interference measured over the ZP CSI-RS is the wanted inter-layer interference. In this method, UE processing latency corresponds to two measurements. The two CSI measurements are shown in Figure 9(a). 
If Opt. A2 with NZP CSI-RS is used to measure inter-layer interference in FDD system, it would require only one measurement no matter the CSI-RS is non-precoded or is beamformed, since the preferred precoding matrix is selected by UE matching the channel or the equivalent channel. When the inter-layer interference is emulated at UE side, the Opt A2 only corresponds to one measurement. Therefore, the Opt A2 saves UE processing latency. The Opt A2 measurement is shown in Figure 9(b). 
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Figure 9(a). ZP CSI-RS as interference measurement resource to measure the inter-layer interference
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Figure 9(b). Opt. A2 with NZP CSI-RS as interference measurement resource to measure the inter-layer interference

· Required RS densities

In Opt A2, when measuring CSI1, the inter-layer interference is obtained from the NZP CSI-RS2 which is actually configured for TRP2 channel measurement. This means that the channel matrix and precoding matrix over NZP CSI-RS2 can be treated as the channel part when measuring CSI2. They can also be treated as inter-layer interference when measuring CSI1. Therefore, Opt A2 does not require extra resource overhead. The RS density for the NZP CSI-RS2 is determined by the channel measurement requirement. 
· Support of self-contained CSI reporting (if supported) at least depends on the location of interference measurement resource
If self-contained CSI reporting is to be supported, both of the channel measurement resource and interference measurement resource should be located in the down-link resource in the subframe. At the meantime, UE should be able to process the CSI measurement within the subframe in order to realize self-contained CSI reporting. The Opt A2 barely introduces extra complexity when measuring CSI. The self-contained CSI reporting would much depend on the UE processing capability. 
· Other advantages for Opt. A2
The precoding matrix over the NZP CSI-RS resource can reflect different interference hypotheses. The most matched precoding matrix corresponds to the strongest interference while the less matched one corresponds to a weaker interference. Even with only one NZP CSI-RS configured, the selection for precoding matrix is able to perform CSI measurement under different interference hypotheses. Therefore, Opt. A2 is not limited in coordinated transmission schemes for inter-layer interference. When the emulation of interference is performed at UE side with indications for various precoding matrix selection, the Opt A2 is suitable under multiple interference hypotheses with limited resource overhead. For example, strong inter-cell interference can be measured by A2, i.e., measuring its channel matrix and precoding matrix. If the precoding matrix selection is configured/ indicated by means of TRPs’ coordination, the matrix-based interference measurement may achieve high level accuracy for CQI derivation.       
Proposal 3: support Option A2, i.e., NZP CSI-RS based interference measurement, where interference can be obtained by multiplying channel matrix and precoding matrix.  
3. DMRS for interference measurement
The other candidate is to measure interference and associated CSI on DMRS. Accordingly two options proposed

· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)

· Opt. B2: Estimation on DM-RS for other UEs

During demodulating PDSCH, SINR is anyway can be calculated at UE side. So reporting this SINR in form of CQI can have extra benefits and cost no downlink resource. However, there are several major issues with this scheme.

Firstly, this scheme is that only the UEs that have PDSCH transmission can conduct CQI measurement. Also, since this CQI is based on the current PMI and RI, the reported DMRS-based CQI can not provide accurate reference for the following RI and PMI selection. 
Secondly, the CQI measured on subframe n hardly reflects the real interference on subframe n+k, because the scheduling may change from subframe to subframe. Lastly, DMRS is only transmitted in allocated bandwidth, not sufficient for CSI measurement which usually has wideband resource to allow frequency selective scheduling. Predicting different band CQI using one narrowband should not work, especially in frequency selective channel. 
As for the last issue, one argument is that the interference variation maybe flat in frequency domain and consecutive k subframes. So interference can be predicted. However according to our discussion in Section 2.1, the interference variation highly depends on choice of paired UEs, traffic load, traffic type, and even TRP scheduling algorithm. The assumption of slow variation of interference in frequency and time domain is scenario limited. 
Hence, in our view this scheme only works with probing mechanism. For instance, when TRB is going to schedule a pair of UEs on subframe n+k, it needs to firstly schedule PDSCH transmission of this pairs of UEs on subframe n using the same precoder and same frequency bandwidth as on subframe n+k. Then the CQI estimated on subframe n may reflect the channel quality on subframe n+k. However, scheduling restriction usually impact system performance and is not preferred. 
One potential alternative is that channel is measured on NZP CSI-RS, interference on currently scheduled bandwidth is measured on DMRS and interference on non-scheduled bandwidth is measured on NZP CSI-RS. Based on this scheme, a system level simulation is performed to investigate the DMRS based interference measurement. Performance is investigated assuming burst traffic under high and moderate RU with UMi channel model. The detailed simulation parameters are listed in Table2 in the Appendix. In the comparison, interference measurement on ZP CSI-RS in LTE is regarded as baseline and our proposed Opt. A1 NZP CSI-RS based scheme is presented as well. The simulation results are illustrated in Figure 10 and Figure 11. From the simulation results we have the following observations: 

· DMRS based interference measurement brings performance loss compared to baseline, both for moderate and high RU.
· Opt. A1 NZP based interference measurement brings significant performance enhancement over baseline: with RU = 40%, 31% gain for average UPT and 84.7% gain for 5% UPT gain; with RU=70%, 47% gain for average UPT and 124% gain for 5% UPT gain.
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Figure 10. Performance comparison for DMRS based and Opt. A1 based interference measurement with RU=40%
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Figure 11. Performance comparison for DMRS based and Opt. A1 based interference measurement with RU=70%
The other proposal is to emulate MU interference by transmitting only DMRS of potential paired UE. Thus, the target UE can demodulate PDSCH meanwhile estimate potential MU interference. To make this scheme work, the target UE should be indicated that which DMRS ports are real MU ports associated with PDSCH transmission, and which DMRS ports are potential MU ports only for CSI derivation. Otherwise, the MU emulation on DMRS would impact the PDSCH demodulation since the interference measured on DMRS is not that on PDSCH. Hence the DCI signaling to identify these two MU cases should be supported. The DCI overhead would be increased. The other drawback of this scheme is DMRS overhead. It was well known that DMRS density would be larger than CSI-RS. Measuring MU interference actually does not require such high density as DMRS. So emulating MU interference on DMRS is a waste of resource. The efficiency of PDSCH transmission will be impacted. 

Proposal 4: For interference measurement, propose down selection to at least Opt. A1 and Opt. A2.
4. IMR definition 
A resource for interference measurement can be classified into several types, such as type A, type B, and type C, where each type decides the UE behavior during CSI derivation. For instance, type A could be defined like LTE ZP CSI-RS, where the average energy over this resource is the intended interference. Type B is another type of resource where during interference estimation, the intended signal is first subtracted from the resource, and the average remaining energy can be treated as interference. Type C refers to the UE behavior as emulation on the NZP by multiplying channel and precoding matrix. In a complete interference measurement, probably more than one type is needed for one CQI calculation. For example, one NZP CSI-RS interference measurement resource and one ZP CSI-RS measurement resource would respectively generate interference. A total interference is the addition of both of them. 
IMR (interference measurement resource) is an LTE-way for interference measurement. In NR, if the IMR is still introduced, it is to be determined whether a CQI derivation is related to only one IMR or is related to more than one IMR. Suppose one NZP CSI-RS interference measurement resource plus one ZP CSI-RS interference resources is needed.
·  a CQI derivation is related to only one IMR
This IMR includes the NZP as well as the ZP. CQI derivation is clear, i.e., using the measurement result over the IMR to derive this CQI. However, the NZP as well as the ZP may need to be configured/indicated its corresponding UE behavior. The UE-behavior configurations/indications may find a place to present. 
· a CQI derivation is related to more than one IMR
NZP CSI-RS is one IMR (IMR1). ZP CSI-RS is another IMR (IMR2). The CQI is derived from both IMR1 and IMR2. Suppose the two IMRs are added together to form a complete interference. Therefore, the CQI derivation is not related to only one IMR. It may cause specification impact about how to derive one CQI. 
With either one of the above two possible IMR definitions, interference measurement resources are configured/indicated in the resource setting(s) associated with link(s) with interference quantity.  In NR, the link may be able to configure/indicate which resource is for interference measurement with a similar function like the IMR does in LTE. However, if IMR continues to be used, from the CQI derivation perspective, one CQI is related to only one IMR may be clearer for measurement.

5. Conclusions
In this contribution, we propose that: 
Observation 1: Inter-cell interference variations in time cause mismatch between reported CQI and actual SINR, which cannot be eliminated by existing mechanisms.
Observation 2: Inaccurate inter-layer interference in coordinated transmission schemes degrades system performance. Acquire the channel matrix and precoding matrix of the interference would enhance the accuracy of interference measurement.
Proposal 1: support Option A1, i.e., NZP CSI-RS based interference measurement, where interference can be obtained by subtracting constructed intended CSI-RS signal from Rx signal.

Proposal 2: support the joint usage of NZP CSI-RS and ZP CSI-RS resources for interference measurement for the purpose of estimation accuracy. 

Proposal 3: support Option A2, i.e., NZP CSI-RS based interference measurement, where interference can be obtained by multiplying channel matrix and precoding matrix.  

Proposal 4: For interference measurement, propose down selection to at least Opt. A1 and Opt. A2.
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Appendix 
Table 1. Simulation assumptions for Figure 8
	Parameters
	Values

	ISD
	200m

	Rank
	Rank 1,2 adaptation 

	antenna configuration
	2T4R

	UE speed
	3km/h

	UE receiver
	IRC + non-ideal SIC

	Association of UE to TRP
	2 TRPs in transmission set. RSRP threshold = 10dB

	Transmission scheme
	SU-MIMO

	Traffic model
	FTP traffic model 1, S=0.5Mbytes


Table 2. Simulation assumptions for Figure 10 and Figure 11
	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor, 3km/h, 

20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Real

	MIMO mode
	MU-MIMO with rank adaptation, max rank =2
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