[bookmark: OLE_LINK6][bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting 90bis 		     	R1-1718190
Prague, CZ, 9th – 13th, October 2017

Source:	NTT DOCOMO, INC.
Title:	Views on CSI measurement for NR
[bookmark: Source]Agenda Item:	7.2.2.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
In RAN1 NR Ad Hoc #3 meetings, several agreements on CSI measurement schemes have been drawn as following,
	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
R1-1716902
· The combinations of CMR and IMR with different time domain property (Periodic/Aperiodic/Semi-persistent).
· For semi-persistent and aperiodic IMR, signaling mechanisms of dynamic triggering/activation/deactivation of ZP CSI-RS based IMR follow the decision for that of NZP CSI-RS.
· FFS: Joint or independent triggering/activation/deactivation for IMR and NZP CSI-RS for channel measurement 
· FFS: For ZP CSI-RS based IMR, RB-level density lower than 1 is not supported.
· For aperiodic ZP CSI-RS based IMR, IMR exists at least in the same slot with the DCI triggering the IMR.
· FFS: For the case IMR existing in different slot with the DCI triggering the IMR
· Further study RE pattern(s) of ZP CSI-RS used for IMR


In this paper, we further discuss remaining issues on the CSI measurement schemes.
CSI Measurement Schemes
During the NR SI and WI discussions, several types of RS resources for channel and interference measurement are addressed, which are based on ZP CSI-RS, NZP CSI-RS and DM-RS, respectively. 
NZP CSI-RS based interference measurement is supported after RAN1 NR Ad Hoc #3, where a set of NZP CSI-RS ports can be configured to a UE for the measurement. Based on the analysis in our previous contribution [2], multiple high density NZP CSI-RS ports should be configured to a UE for the measurement, which introduces very large RS overhead. Such observation motivates us to consider overhead reduction technologies.
ZP CSI-RS based interference measurement has been supported since RAN1 #88, but the detailed configurations, especially on RE patterns, is not fully addressed until now. Like the NZP CSI-RS based case, when ZP CSI-RS is used for multi-user interference (MUI) measurement, it also requires enough density considering both UE number for MU transmissions and measurement accuracy.
Observation 1: For MUI measurement, both NZP CSI-RS and ZP CSI-RS based schemes introduce large overhead. Overhead reduction technology is necessary to be supported by NR.
In the following subsections, we will analysis several schemes which reduce the RS overhead for the interference measurements.
Measurement schemes based on DM-RS
As discussed in [2], one major problem on NZP CSI-RS based schemes are the RS overhead required to achieve high accuracy interference measurement. Based on our link-level simulation results shown in Section 3.1, we can observe that when NZP CSI-RS based schemes requires the similar RS density as DM-RS, and the signal on NZP CSI-RS is beamformed with MU-MIMO precoder which is also the same as the DM-RS. Therefore, it is natural to introduce DM-RS based IM when the downlink transmissions are present to reduce the RS overhead.
The major concern on this scheme is that DMRS is transmitted only on scheduled subbands and time slots and the UE pairing may be changed from time to time, which limits the usage of the measurement results. In this section, we will investigate the characteristics of the DMRS based MU-CQI to clarify the effectiveness of it.
Under the simulation assumptions shown in Table A of Appendix, we compared the DMRS based MU-CQI with the post-detection SINR of following data transmissions. For comparison, the difference between CSI-RS based SU-CQI and the post-detection SINR is also compared. Figure 1 shows the CDF of the differential values between post-detection SINR of PDSCH transmissions and CQIs obtained from different measurement schemes and different latency.
As shown in Figure 1, the DMRS based MU-CQI can serve as a good estimation of the link quality of following PDSCH transmissions compared with the SU-CQI even without any user scheduling restriction. Due to the differences on the signal model and CQI estimator, the SU-CQI measured on the CSI-RS ports are systematic bias compared with post-detection SINR.


[bookmark: _Ref478136368]Figure 1: Differentials between post-detection SINR and SU-CQI or DMRS based MU-CQI. 


[bookmark: _Ref481744495]Figure 2: Differentials between post-detection SINR and SU-CQI or DMRS based MU-CQI with MU-CQI extension. 
Another concern about DMRS based MU-CQI is its availability on partial TTIs and subbands. The available MU-CQI can be regarded as time and frequency domain samples of MU-CQI, and to be used to predict the MU-CQI on subbands of the following TTIs. By this way, we can also obtain a complete MU-CQI results on all subbands. Therefore, it is not necessary to introduce any restriction on UE scheduling. Figure 2 shows the differential value of MU-CQI after the prediction based on available samples. Compared with the curve without prediction, only minor gap is observed and it is still much better than the SU-CQI based on CSI-RS ports.
Options of DM-RS based measurement

[bookmark: _Ref481744301]Figure 3: DM-RS for Opt. B1 (a) and Opt. B2 (b).
Two options on DM-RS based schemes have been identified in previous RAN1 meetings. The Opt. B1 is the estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal). This option is similar with Opt. A1 by replacing the used RS to DM-RS from NZP CSI-RS. It works on the overlapped DM-RS ports and the UE behavior is the same as Opt. A1 on the REs on the DM-RS ports which pattern is like Figure 3(a). For non-overlapped DM-RS ports like Figure 3(b), Opt. B2, estimation on DM-RS for other UEs, can be applied. If ICI and noise power can be measured on other resources, such as ZP CSI-RS, the UE procedures of IM can be simplified to avoid multiple measurement on ICI and noise. Based on these discussions, the procedures of DM-RS based measurement are quite similar with the NZP CSI-RS based ones.
Considering the practical DM-RS pattern under the evaluation in NR, the Opt. B1 and B2 can be supported simultaneously to obtain a complete measurement.
About the UE complexity and processing latency, two DM-RS based options have the similar complexity as two NZP CSI-RS based options as discussed. Because NR DM-RS will have a front-loaded structure while CSI-RS is unavoidably transmitted no earlier than DM-RS, there are more time slots for UE to conduct the measurement on DM-RS compared with CSI-RS. Therefore, the self-contained feedback can be considered with DM-RS based measurement schemes. One concern with DM-RS based IM is that if additional (to front-loaded) DM-RS symbols are configured, whether it will impact the fast feedback if in that case, channel estimation and interference measurement are to be done over all the configured DM-RS symbols. One can consider that the IMR occupies part of the DM-RS symbols to achieve the fast feedback. Another question is how fast CSI feedback does one expect. If the DM-RS structure does not allow fast feedback of HARQ, does it make any sense to support fast CSI feedback which is faster than HARQ?
Summary of DM-RS based measurements
Based on the discussion on Opt. B1 and B2, we have the following observations and proposals.
Observation 2: MU-CQI measured on DMRS ports is robust against the variation of the UE scheduling, which can be used to predict the link quality of following PDSCH transmission.
Observation 3: With MU-CQI prediction on all subbands, MU-CQI measured on DMRS ports can be extended to predict the link quality on those TTIs and subbands without recent PDSCH transmissions.
Observation 4: The UE complexity of Opt. B1 and B2 are similar with Opt. A1 and A2, respectively. But DM-RS based schemes have following advantages
· DM-RS based schemes achieve the same functionality as NZP CSI-RS based schemes without additional RS overhead.
· The front-loaded structure of DM-RS leaves UE more time slots to conduct the measurement and conduct the self-contained feedback.
Proposal 1: Support DM-RS based measurement schemes to reduce the large CSI-RS overhead and support self-contained feedback.
Measurement schemes based on ZP CSI-RS
When ZP CSI-RS is configured to a UE and it is activated for interference measurement, gNB will at least mute the PDSCH transmissions for this UE to let UE conduct the measurement on these REs. The density of ZP CSI-RS should be large enough as well considering the measurement accuracy. Therefore, it also introduces large overhead similar to the case of NZP CSI-RS based measurements.
Inspired by the DM-RS based measurement schemes, if ZP CSI-RS can be configured on the DM-RS REs, it is also feasible for the UE interference measurement, meanwhile no additional RS overhead is introduced. It is beneficial to support overlapped configuration of ZP CSI-RS and DMRS.
Observation 5: The RS overhead can be reduced if ZP CSI-RS can be configured with aligned RE pattern with DMRS.
Proposal 2: ZP CSI-RS can be configured on DMRS symbols.
[bookmark: _GoBack]Currently, NR has already supported 2 DMRS types, each of which has different RE patterns. To support the overlapped configuration of ZP CSI-RS and DMRS, some specific ZP CSI-RS RE patterns are necessary to be selected. According to the current Type I and Type II DMRS design, we propose the following ZP CSI-RS patterns which should be supported by NR. 
Proposal 3: Support at least the following ZP CSI-RS RE pattern.
· Opt-1: 4 adjacent REs.
· Opt-2: 6 adjacent REs, which is aligned with the RE pattern of DMRS type 2.
· Opt-3: 6 non-adjacent REs with comb 2, which is aligned with the RE pattern of DMRS type 1.
· Opt-4: 4 non-adjacent REs with 2 pairs of 2 adjacent REs, which is aligned with the RE pattern of DMRS type 2.
Measurement schemes with multiple RS types
As we discussed in Section 2.1, DM-RS based measurement can provide an accurate MU-CQI feedback after downlink transmissions start. When a UE just becomes active with traffics, an initial CQI is necessary for it to decide the MCS before the downlink transmission starts. Therefore, the current CSI measurement can be jointly used as an example shown in Figure 4.

[bookmark: _Ref481731546]Figure 4: Jointly NZP CSI-RS and DM-RS based measurements.
Before the downlink transmission starts, CSI-RS based measurement schemes can be considered to obtain an initial CQI for link adaption. After that, to save the overhead, DM-RS based measurement can be used to provide the MU-CQI and improves the accuracy of link adaption. For the first step, two alternatives can be considered as following,
· Alt. 1: SU-CQI measurement procedure can be used to obtain SU-CQI from UE and gNB compensates the impacts of MU transmissions based on it.
· Alt. 2: NZP CSI-RS based schemes can be used to obtain an MU-CQI from UE.
When two measurement schemes are used jointly, they can be triggered together to reduce the downlink control overhead. For example, we can use one UL grant to trigger the measurement and CSI reporting based on both NZP CSI-RS and DMRS. Therefore, no additional signalling on DM-RS based measurement is necessary any more.
Observation 6: Two types of measurement schemes can be used jointly to reduce the overhead on both CSI-RS and downlink control channel.
Due to these advantages, we have the following proposal
Proposal 4: NR supports channel and interference measurement based on multiple RSs. A scheme that jointly schedules multiple IMs should be supported based on the following alternatives
•Alt. 1: SU-CQI measurement procedure followed by DM-RS based measurements.
•Alt. 2: NZP CSI-RS based measurement followed by DM-RS based measurements.
Performance Evaluation
Link-level Simulations
We conduct link-level performance evaluation on CSI measurement accuracy to identify the necessary RS density. Table A shows the major assumptions on link-level simulations. We consider the downlink MU-MIMO transmissions with 12 co-scheduled UEs, where 12 RS ports are used for both channel and interference measurements. As an ideal case, we consider the 12 RS ports are idea orthogonal multiplexed. Therefore, the simulation results can serve as a reference performance upper bound for both NZP CSI-RS (Scheme 1 & 2) and DM-RS (Option B1 & B2) based schemes. During the evaluation, 3 different RS density are tested which are 1, 2, and 3 RE per RB and per port.
A spatial correlated channel model based on Kronecker channel model is used in the simulations, where the spatial correlation of the channels is decided by the antenna array structure of the gNB and UE. The frequency selectivity is modelled by the power-delay profile adopted from EPA channel model. Since we are considering MU-MIMO transmissions, the link SNR is defined at the transmitted side, which is defined as Ptx/N0 where Ptx is the total transmission power of all users on each subcarrier and N0 is the PSD of the thermal noise of the receiver.
At the receiver side, the maximum likelihood estimation on signal and interference powers is used for an optimal estimation. The CDF of the downlink SINR estimation error is obtained for each evaluated case.
[bookmark: _Ref485337332]
Figure 5 CDF of SINR estimation error when SNR is 20 dB.

[bookmark: _Ref485337337]Figure 6 CDF of SINR estimation error when SNR is 25 dB.

Figure 5 and Figure 6 show the CDF of SINR estimation error with RS at different SNR levels in the link-level simulations. We can observe that 2~3 RE/RB/port are necessary to obtain an accurate SINR estimation for MU-CQI feedback. Considering that 12 ports are required to conduct channel and interference measurements as discussed in Section 3, significant RS overhead will be introduced if only NZP CSI-RS based schemes are used in the system. But if DM-RS is used for channel and interference measurements, its density will satisfy the requirements according to the progress on DM-RS pattern.
Observations 7: NZP CSI-RS based measurement schemes require high RS density to improve the estimation accuracy, the required RS density is similar with that of DM-RS. It results in large CSI-RS overhead when channel and interference measurements rely on CSI-RS only.
Observations 8: The density of NR DM-RS satisfies the required RS density for channel and interference measurements. DM-RS based measurement is a necessary feature for NR to reduce the RS overhead and improve the spectrum efficiency.
System-level Simulations
We evaluated the performance of NZP CSI-RS based schemes and proposed DM-RS based measurement schemes in NR Urban Macro scenario with several antenna array and TXRU configurations. The major simulation assumptions can be found in Table B and Table C of the Appendix. We consider several massive MIMO configurations in TDD mode, where the channel direction information (CDI) can be obtained with channel reciprocity. Several major non-ideal factors about channel reciprocity, including SRS channel estimation error, and antenna mis-calibration, have been considered during the evaluation.
We evaluated 3 different schemes, one NZP CSI-RS based scheme and two DMRS based schemes. Following is the description of these 3 schemes:
1. The NZP CSI-RS based scheme are modelled as following in the system-level evaluations. The UE will report an initial SU-CQI based on non-precoded CSI-RS for initial user scheduling after it joins the networks. After that, the MU-CQI will be reported based on NZP CSI-RS. During the evaluations, we consider 3 different NZP CSI-RS overhead which are 1, 2, and 3 RE/RB/port. Note that the link-level simulations have already shown that 2~3 RE/RB/port are necessary for NZP CSI-RS based schemes. Currently, the MU-CQI estimation error is not modelled in the system-level evaluations, and ideal MU-CQI are reported from UE. Therefore, the current simulations are ideal cases for NZP CSI-RS based schemes, especially for low RS density cases.
2. DM-RS based Scheme 1. UE conducts the channel and interference measurement on DM-RS ports. The MU-CQI is then derived and available with a specified CSI latency (1/2/3 ms). When such MU-CQI is available, the link adaption of downlink transmission is based on it. Otherwise, the NZP CSI-RS will be used. We also consider 3 different NZP CSI-RS overhead the same as NZP CSI-RS scheme. The initial SU-CQI feedback procedure is also the same as that in NZP CSI-RS based schemes. Therefore, the scheme is a hybrid CSI-RS and DM-RS based scheme as shown in Proposal 5.
3. DM-RS based Scheme 2: Same measurement and feedback scheme are considered as DMRS based Scheme 1. During the link adaption, the DM-RS based MU-CQI is extended with a zero-order interpolation on both time and frequency domain. Thus, the availability of the DM-RS based MU-CQI is extended. This scheme serves as a simple example on extended DM-RS based MU-CQI to unscheduled subbands and TTIs.
We evaluated the average and 5% UE packet throughput, and resource utilization (RU) of these schemes. The simulation results are shown in following tables.
Table 1: System-level evaluation results with high packet arrival rate, NZP CSI-RS overhead 1 RE/RB/port.
	
	NZP CSI-RS based
	DM-RS based (Scheme 1)
	DM-RS based (Scheme 2)

	Antenna & TXRU configuration 1
(CSI latency 3 ms)
	Average PTH [Mbps]
	20.9
	22.5
	23.6

	
	5% UE PTH
[Mbps]
	6.0
	6.1
	6.4

	
	RU
	77%
	76%
	74%

	Antenna & TXRU configuration 2
(CSI latency 3 ms)
	Average PTH [Mbps]
	19.3
	20.8
	20.2

	
	5% UE PTH
[Mbps]
	4.1
	5.1
	4.5

	
	RU
	74%
	72%
	74%



Table 2: System-level evaluation results with high packet arrival rate, NZP CSI-RS overhead 2 RE/RB/port.
	
	NZP CSI-RS based
	DM-RS based (Scheme 1)
	DM-RS based (Scheme 2)

	Antenna & TXRU configuration 1
(CSI latency 3 ms)
	Average PTH [Mbps]
	20.0
	23.4
	26.1

	
	5% UE PTH
[Mbps]
	5.8
	6.6
	8.1

	
	RU
	73%
	71%
	67%

	Antenna & TXRU configuration 2
(CSI latency 3 ms)
	Average PTH [Mbps]
	16.4
	21.2
	23.0

	
	5% UE PTH
[Mbps]
	3.7
	5.0
	5.4

	
	RU
	77%
	67%
	67%



Table 3: System-level evaluation results with high packet arrival rate, NZP CSI-RS overhead 3 RE/RB/port.
	
	NZP CSI-RS based
	DM-RS based (Scheme 1)
	DM-RS based (Scheme 2)

	Antenna & TXRU configuration 1
(CSI latency 3 ms)
	Average PTH [Mbps]
	20.5
	24.4
	27.2

	
	5% UE PTH
[Mbps]
	6.5
	7.5
	8.4

	
	RU
	67%
	64%
	62%

	Antenna & TXRU configuration 2
(CSI latency 3 ms)
	Average PTH [Mbps]
	13.9
	21.5
	24.4

	
	5% UE PTH
[Mbps]
	2.5
	5.3
	6.1

	
	RU
	78%
	65%
	60%



Table 4: System-level evaluation results with medium packet arrival rate, NZP CSI-RS overhead 1 RE/RB/port.
	
	NZP CSI-RS based
	DM-RS based (Scheme 1)
	DM-RS based (Scheme 2)

	Antenna & TXRU configuration 1
(CSI latency 3 ms)
	Average PTH [Mbps]
	24.3
	26.2
	27.1

	
	5% UE PTH
[Mbps]
	6.5
	8.0
	8.5

	
	RU
	71%
	67%
	64%

	Antenna & TXRU configuration 2
(CSI latency 3 ms)
	Average PTH [Mbps]
	21.4
	23.4
	24.5

	
	5% UE PTH
[Mbps]
	5.0
	6.1
	6.2

	
	RU
	67%
	64%
	63%



Table 5: System-level evaluation results with medium packet arrival rate, NZP CSI-RS overhead 2 RE/RB/port.
	
	NZP CSI-RS based
	DM-RS based (Scheme 1)
	DM-RS based (Scheme 2)

	Antenna & TXRU configuration 1
(CSI latency 3 ms)
	Average PTH [Mbps]
	22.6
	27.2
	28.4

	
	5% UE PTH
[Mbps]
	6.6
	8.6
	8.8

	
	RU
	66%
	61%
	60%

	Antenna & TXRU configuration 2
(CSI latency 3 ms)
	Average PTH [Mbps]
	18.4
	24.2
	26.6

	
	5% UE PTH
[Mbps]
	3.9
	6.1
	6.6

	
	RU
	69%
	59%
	56%



Table 6: System-level evaluation results with medium packet arrival rate, NZP CSI-RS overhead 3 RE/RB/port.
	
	NZP CSI-RS based
	DM-RS based (Scheme 1)
	DM-RS based (Scheme 2)

	Antenna & TXRU configuration 1
(CSI latency 3 ms)
	Average PTH [Mbps]
	20.0
	27.4
	30.0

	
	5% UE PTH
[Mbps]
	5.9
	9.2
	9.3

	
	RU
	67%
	56%
	56%

	Antenna & TXRU configuration 2
(CSI latency 3 ms)
	Average PTH [Mbps]
	17.7
	24.3
	28.7

	
	5% UE PTH
[Mbps]
	4.2
	6.3
	7.7

	
	RU
	65%
	57%
	48%


Based on these results, we have the following observations,
Observation 9: NZP CSI-RS based scheme cannot outperforms the proposed DM-RS based schemes even in the case with lower RS density and ideal MU-CQI report.
Observation 10: If the density of CSI-RS is larger than 1 RE/RB/port, we observed significant performance loss compared with DM-RS based schemes under the same simulation configurations.
Conclusion
We discuss the interference measurement issues for NR in this contribution. Based on the discussions and corresponding performance evaluation, we have the following observation and proposals,
Observation 1: For MUI measurement, both NZP CSI-RS and ZP CSI-RS based schemes introduce large overhead. Overhead reduction technology is necessary to be supported by NR.
Observation 2: MU-CQI measured on DMRS ports is robust against the variation of the UE scheduling, which can be used to predict the link quality of following PDSCH transmission.
Observation 3: With MU-CQI prediction on all subbands, MU-CQI measured on DMRS ports can be extended to predict the link quality on those TTIs and subbands without recent PDSCH transmissions.
Observation 4: The UE complexity of Opt. B1 and B2 are similar with Opt. A1 and A2, respectively. But DM-RS based schemes have following advantages
· DM-RS based schemes achieve the same functionality as NZP CSI-RS based schemes without additional RS overhead.
· The front-loaded structure of DM-RS leaves UE more time slots to conduct the measurement and conduct the self-contained feedback.
Observation 5: The RS overhead can be reduced if ZP CSI-RS can be configured with aligned RE pattern with DMRS.
Observation 6: Two types of measurement schemes can be used jointly to reduce the overhead on both CSI-RS and downlink control channel.
Observations 7: NZP CSI-RS based measurement schemes require high RS density to improve the estimation accuracy, the required RS density is similar with that of DM-RS. It results in large CSI-RS overhead when channel and interference measurements rely on CSI-RS only.
Observations 8: The density of NR DM-RS satisfies the required RS density for channel and interference measurements. DM-RS based measurement is a necessary feature for NR to reduce the RS overhead and improve the spectrum efficiency.
Observation 9: NZP CSI-RS based scheme cannot outperforms the proposed DM-RS based schemes even in the case with lower RS density and ideal MU-CQI report.
Observation 10: If the density of CSI-RS is larger than 1 RE/RB/port, we observed significant performance loss compared with DM-RS based schemes under the same simulation configurations.

Proposal 1: Support DM-RS based measurement schemes to reduce the large CSI-RS overhead and support self-contained feedback.
Proposal 2: ZP CSI-RS can be configured on DMRS symbols.
Proposal 3: Support at least the following ZP CSI-RS RE pattern.
· Opt-1: 4 adjacent REs.
· Opt-2: 6 adjacent REs, which is aligned with the RE pattern of DMRS type 2.
· Opt-3: 6 non-adjacent REs with comb 2, which is aligned with the RE pattern of DMRS type 1.
· Opt-4: 4 non-adjacent REs with 2 pairs of 2 adjacent REs, which is aligned with the RE pattern of DMRS type 2.
Proposal 4: NR supports channel and interference measurement based on multiple RSs. A scheme that jointly schedules multiple IMs should be supported based on the following alternatives
· Alt. 1: SU-CQI measurement procedure followed by DM-RS based measurements.
· Alt. 2: NZP CSI-RS based measurement followed by DM-RS based measurements.
References
[1] 3GPP, “Draft Report of 3GPP TSG RAN WG1 NR Ad Hoc #3”, Sept. 2017.
[2] R1-1716080, “Views on CSI measurement for NR”, NTT DOCOMO, Sept. 2017.
Appendix: Simulation Assumptions for Performance Evaluations
Table A: Evaluation assumptions for link-level simulations
	Parameter
	Values

	Spatial channel model
	Kronecker based spatial correlation model

	Power-delay profile
	EPA model

	Frequency band
	4 GHz

	gNB antenna array
	8V x 4H x 2P

	UE antenna array
	1 antenna

	UE number
	12

	Subcarrier spacing
	15 kHz

	PRG size
	2 RB

	RS density
	1/2/3 RE/RB/port

	Ptx/N0
	10/15/20 dB

	Precoding
	ZF-BD

	SINR estimation
	ML based



Table B: Evaluation assumptions for system-level simulations
	Parameter
	Values

	Scenario
	NR Urban macro

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (Downlink)

	BS Tx power
	49 dBm

	BS antenna configurations
	Refer to Table B

	BS antenna pattern
	According to Table A.2.1-3

	BS TXRU mapping
	One-to-one port mapping

	UE antenna configurations
	(M, N, P) = (1, 1, 2)

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 

	UE antenna pattern
	Omni-directional

	UE velocity
	3kmph

	Traffic model
	FTP-1

	UE receiver
	MMSE-IRC w/ Ideal/Wishart Model on Channel Estimation

	CSI acquisition
	CDI: Based on channel reciprocity with 5 ms sounding period and 1 ms sounding latency. The MSE of SRS channel estimation is -20 dB. The parameter of antenna mis-calibration is (0.5 dB, 5 degree) for log-normal distributed amplitude error and uniformly distributed phase error.

CQI/RI: UE feedback, feedback period 5ms, latency 5ms
· Baseline: CQI is based on CSI-RS which port number is equal to AE number (one-to-one mapping).
· CQI is measured on DMRS ports when it is available with fast feedback. If DMRS based measurement is unavailable (no DL data transmissions), baseline scheme is used. 

	Scheduler
	Multi-user PF scheduler

	MU dimension
	12


Table C: BS antenna and TXRU configurations for system-level simulations
	Index
	Antenna array
	TXRU

	1
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),
(dH, dV) = (0.5, 0.8)
	One-to-one mapping (128 TXRUs)

	2
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1),
(dH, dV) = (0.5, 0.8)
	One-to-one mapping (64 TXRUs)
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