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Introduction
As an important part of NR-MIMO design, CSI acquisition facilitates a variety of MIMO operations, such as beamforming, spatial multiplexing, SU/MU-MIMO adaptation, etc.  There are two crucial parts in CSI acquisition – channel/interference measurement and CSI feedback.  Regarding interference measurement, the working assumptions [1] were agreed upon in RAN1#89: 
· Support at least NZP CSI-RS based interference measurement 
· select at least one of following scheme
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· Aim to conclude whether to support one of them or both in the next RAN1 meeting
· FFS whether or not to support signaling of power boosting for NZP CSI-RS
· Other schemes are not precluded
· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting
· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)
In addition, the following agreements were made on frequency domain measurement restriction and CSI reporting:
· Support following features for NR CSI acquisition
· FFS Frequency domain subset restriction
· FFS on number of configurable subsets
· FFS on detailed signaling/configuration
· FFS measurement restriction of interference measurement
· FFS on measurement restriction of channel measurement 
· For time domain, measurement restriction of channel and interference measurement
In this contribution, we share our views further on the details of CSI acquisition. 
Discussion
DMRS based IMR
DMRS has been proposed as the interference measurement resource.  However, DMRS are only available during data scheduling periods, and only on the scheduled sub-bands.  It is not trivial to infer the values of CQI on un-scheduled bands based on those from the scheduled bands in the same slot. 
Moreover, as pointed out in [2], DMRS are typically used to measure Rnn for the purpose of data demodulation.  Using them for CQI measurement would be sub-optimal.  The CQI measured based on DMRS are only valid for the specific MU-grouping in that slot.  In a massive MIMO/CoMP based system, DMRS based CQI could change drastically with time due to changes in the scheduled set of UEs, making current measurements invalid for a future scheduling.  It is also non-trivial to infer current CQI based on MU-scheduling in past slots, given that scheduler algorithms are transparent to the UE. 
In [2], we had provided simulation results showing perceived throughput loss of close to 40% from usage of DMRS tones both at the cell edge and median. 
[bookmark: _Toc485403100][bookmark: _Toc490142200]Proposal 1: 	DMRS based IMR is not supported in NR.
NZP CSI-RS based IMR
NZP CSI-RS based interference measurement is the working assumption from RAN1 # 89.  Interference measurement from CSI-RS tones can be done either through UE emulation or through network side emulation.  In [2], we had pointed out that UE side emulation of interference increases complexity significantly.  This is especially true in the case of MU-MIMO with large number of ports and/or CoMP. 
Network side emulation of interference is simpler from the UE’s perspective, while also more accurate, as the gNB would have accurate interference information from all the UEs. UEs send SRS on the UL, which may be whitened based on the UE’s inter-cell interference measurement. The gNB may then decide the set of users and their streams to group into an MU transmission. Then, the eNB may send beam-formed CSI-RS for these pre-scheduled UEs along these beams, to allow these UEs to measure IMR directly on these tones, for CSI computation. 
The CSI fed back by the pre-scheduled UEs will accurately take the MU interference and even the inter-cell interference (if NZP-CSI-RS tones collide across cells) resulting in more optimal performance. Figure 1 below shows the details of network side emulation of interference.
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[bookmark: _Ref490084919]Figure 1: Two possible designs of link adaptation based on NZP pre-committed CSI-RS.
In this scheme, it is possible for the network to emulate the interference, choose the subset of users for scheduling, compute the best CSI-RS beams (and potentially even make rank decisions), thereby reducing UE complexity.  The interference thus measured at the UE side on the CSI-RS, accurately captures the interference that would be observed on future PDSCH tones.  
Simulation results regarding the accuracy of interference and channel measurement given the sparsity of CSI-RS tones, are covered in the Appendix below.
[bookmark: _Toc490142296]Observation 1:	UE side emulation of interference on NZP CSI-RS significantly increases UE complexity.
[bookmark: _Toc485403101][bookmark: _Toc490142201]Proposal 2:	NR should support network side emulation of interference based on NZP CSI-RS.
CSI measurement triggering and reporting
For NZP CSI-RS based channel and interference measurement at the UE, the gNB would need to first indicate the CSI-RS resource that is assigned to a UE.  In addition, within this CSI-RS resource, the gNB would need to signal which port groups within the resource are to be used for channel and interference measurement, respectively.  In particular, this would help the UE to measure intra-cell interference measurement in MU-MIMO operation.  The port group can be either semi-statically configured via RRC or dynamically indicated by L1 signaling, depending on the stability of MU pairing.  Port groups can be assigned in DCI especially for the case that MU-MIMO grouping could change dynamically.  For semi-persistent CSI-RS resources, assignment of ports could happen through L2 or L3 signaling. 
[bookmark: _Toc485403102][bookmark: _Toc490142202]Proposal 3:	For NZP CSI-RS based interference and channel measurement, at least two subset CSI-RS ports in the NZP CSI-RS resource are indicated to a UE with one set for channel measurement and one set for interference measurement.
For L1 signaling based port group assignment, two options can be considered:
· Option-1: Dedicated DCI
· Option-2: Group-common DCI 
With Option-1, each UE receives a dedicated port group assignment.  The port group assigned to one UE for channel measurement is indicated to another UE for interference measurement.  The port group need to be defined in each dedicated DCI.  In fact, the paired UEs can share the definition of port groups by using a group-common DCI in Option-2.  In the group-common DCI, the port groups are defined without associating to channel measurement or interference measurement.  Each UE is explicitly signalled with an index of the port group for channel measurement.  The port group for interference measurement can be implicitly obtained by the union of all port groups which are not indicated for channel measurement.  
[bookmark: _Toc485403103][bookmark: _Toc490142203]Proposal 4:	Consider using group-common DCI to indicate NZP CSI-RS port grouping for channel/interference measurement.
Frequency domain measurement restriction
The agreements from RAN1 #89 suggest further study of frequency-domain measurement restriction for channel and interference.  Frequency domain channel measurement restriction may lead to degradation in CSI-RS channel estimation performance.  For example, a UE may be restricted to measure channel on a few contiguous RBs.  Notice that the CSI-RS is likely to be sparse in the frequency domain.  The available CSI-RS observations in the restricted narrowband may be insufficient to provide sufficiently good channel estimation.  For another example, a UE may be restricted to measure channel on non-contiguous RBs.  Even if the aggregated bandwidth is wide enough, one cannot get uniform samples in frequency domain.  This would prohibit the use of low complexity channel estimation algorithms, e.g., the time-domain channel estimation technique.  
[bookmark: _Toc490142297]Observation 2:	Frequency domain measurement restriction can jeopardize the channel measurement quality.
The use case of frequency domain interference measurement restriction is unclear.  Before agree to support frequency domain interference measurement restriction, we need to understand how much gain it can provide on top of time-domain interference measurement restriction.  We propose that this study should first identify potential use cases where frequency domain measurement restrictions provide performance gains. 
[bookmark: _Toc490142204]Proposal 5:	NR should first identify potential use cases of frequency domain measurement restriction, and study possible performance gains. NR should not support frequency domain measurement restriction in the absence of potential use cases.
Conclusion
In this contribution, we discuss our views on interference measurement resource, NZP CSI-RS based channel and interference measurement, and frequency domain measurement restriction.  We made following observation.
Observation 1:	UE side emulation of interference on NZP CSI-RS significantly increases UE complexity.
Observation 2:	Frequency domain measurement restriction can jeopardize the channel measurement quality.
In addition, our proposals are listed below.
Proposal 1: 	DMRS based IMR is not supported in NR.
Proposal 2:	NR should support network side emulation of interference based on NZP CSI-RS.
Proposal 3:	For NZP CSI-RS based interference and channel measurement, at least two subset CSI-RS ports in the NZP CSI-RS resource are indicated to a UE with one set for channel measurement and one set for interference measurement.
Proposal 4:	Consider using group-common DCI to indicate NZP CSI-RS port grouping for channel/interference measurement.
Proposal 5:	NR should first identify potential use cases of frequency domain measurement restriction, and study possible performance gains. NR should not support frequency domain measurement restriction in the absence of potential use cases.
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Appendix
In this section, we show the impact of NZP CSI-RS density on DL performance.  Table 1 lists the system simulation assumptions.
Table 1: System Simulation Assumptions
	Scenario
	3D UMi ISD 200m

	Carrier Frequency
	3.5 GHz

	Simulation BW
	20 MHz

	Tx Power
	44dBm / 20MHz

	DownTilt
	14 deg

	BS Ant
	8V x 4H x 2P (X-pol) (M_TXRU = 32) (High Rise)

	Horizontal antenna element spacing (dH) @ Both BS, UE
	0.5λ

	Vertical antenna element spacing and number of antenna elements with the same polarization in each column (dV, M)
	(0.8λ, 8)

	Per-element Ant gain
	8 dBi per element (High-rise)

	BS antenna height
	10m

	UE Ant
	4 RX, cross-polarized (0/+90, 2H x 2P)

	UE Max Tx Power SRS
	23 dBm / 80 MHz

	UE distribution
	20% UEs are outdoor and 80% UEs are indoor

	Pen-loss for Indoor UEs
	20 + 0.5*d_in, where d_in ~ U[0, 25]m (As in the model (36.873))

	UE speed
	3km/h for all Ues

	UEs/cell
	10

	Noise Figures
	9 dB for UE, 5 dB for BS

	Traffic Models
	Bursty Traffic (0.5 MB/sec/UE)

	Channel and Interference Estimation
	Realistic estimation based on link simulations. 
Rnn estimate through Wishart based method.



Figure 1 below shows the bursty traffic performance with DL channel and interference estimation enabled.  Also, we assume that the system is configured with 12 ports for MU-MIMO.  The simulations have been run assuming 1 and 0.5 REs/RB for NZP CSI-RS. In the case of 0.5 REs/RB, half a symbol is additionally available for PDSCH transmission compared to the case of 1 RE/RB.
Using fewer number of resources for CSI-RS reduces the channel estimation quality on the DL.  However, with the additional half symbol that becomes available, the user perceived throughput (burst rate improves). 
[image: W:\bursty_traffic\umi_10_users_cfg_13_correct_gain_5rbs_prg_lower_gain_by_3db\tput_cdf_10_ue_per_cell_Mode2_compare.jpg]
[bookmark: _Ref485304610]Figure 2: UE Perceived Throughputs for different NZP CSI-RS overheads.
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