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Introduction
In RAN1#86, CSI acquisition for NR MIMO has been discussed.  Among the CSI acquisition methods, aperiodic CSI is one of the key methods to acquire CSI.  In discussion of the way forward [2],  the following agreements have been reached:
Agreements:
Study aperiodic CSI reporting in conjunction with aperiodic RS transmission:
· Dynamic indication of aperiodic RS and interference measurement resource including
· Aperiodic RS for channel measurement for CSI reporting
· Aperiodic interference measurement resource for interference measurement,  including using non-zero/zero power RS, demodulation RS;
· Resource pool sharing for aperiodic channel and interference measurement resources
· Study the timing requirement among aperiodic RS triggering, CSI reporting triggering, aperiodic RS transmission, and CSI reporting.  
· Timing between CSI triggering and aperiodic RS transmission X
· Timing between aperiodic RS transmission and CSI reporting Y
· Notes: Consider the single triggering for RS transmission and CSI reporting;
· Others are not precluded
· Note: aperiodic triggering doesn’t preclude on-demand (using activate/release mechanism) triggering 
In this contribution, we further discuss the details of aperiodic CSI feedback.
Aperiodic CSI measurement 
Aperiodic reference signal for channel measurement
According to the agreement about NR forward compatibility in RAN1#84bis[3], we should strive for minimizing transmission of always-on signals.  Therefore, always-on reference signals like CRS should be avoided.  Reference signals are traditionally used for measurement and demodulation. Reference signal contamination issue can be a major issue to the network if reference signals are not designed well. For example in LTE, CRS interference significantly reduces the network capacity if there is no interference cancellation.  
In addition, we should also avoid periodic reference signal as much as we can.  If low-frequency carrier assisted high-frequency carrier is considered, it may be possible to always use aperiodic reference signals and avoid purely periodic reference signal in high frequency.  To replace periodic reference signals, aperiodic reference signals or multi-shot reference signal with certain periodicity can be considered.  Reference signals should be transmitted only when it is needed. Figure 1 illustrates dynamic configuration of aperiodic CSI measurement RS. The aperiodic reference signal is transmitted only when the CSI measurement is triggered.
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          Figure 1 Dynamic configuration of aperiodic measurement RS in different domains
This applies to both CSI feedback and beam selection.   Compared to periodic beam selection, beam selection can be more flexible for aperiodic beam selection.  Beam selection can be conducted only when it is needed such as when there is blockage or disconnection or deterioration happens or just after wake-up when the data comes.  Since it is aperiodic, flexible resource allocation for beam selection can be achieved.  Designing a proper mechanism of triggering for beam selection is critical.  It would be challenging especially if we consider standalone NR high frequency network.  If low-frequency carrier assisted high-frequency carrier is considered, it may be possible to always use aperiodic reference signals and avoid periodic reference signal.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Aperiodic resource for interference measurement
In legacy LTE systems, interference measurement is performed by configuring periodic IMR with ZP CSI-RS pattern for interference measurement resources. For SU-MIMO, this periodic IMR configuration works well to acquire accurate interference and CSI. However, for MU-MIMO, the measured interference and acquired interference are not accurate since they are calculated under SU hypothesis, whereas the practical scheduling results may not be the same as the hypothesis when CSI is calculated. Moreover, in order to achieve noticeable gain from MU-MIMO, accurate link adaptation and reliable dynamic switching between SU and MU-MIMO is important. Hence interference measurement enhancement for MU-CSI needs to be studied for NR.  One approach is to support feedback of multiple MU-CQI offsets computed under MU-MIMO hypotheses. However, to support interference measurement based on different MU hypotheses, a large number of RS resources is required. Moreover, the precoding used for each UE can be dynamically changed. On the other hand, triggered transmission is an efficient approach to solve the RS overhead, and the precoding for each aperiodic resource can be changed dynamically with MR on. Hence aperiodic IMR is a potential solution to solve the MU-CSI issue.
Together with aperiodic RS for channel measurement or beam selection, aperiodic resource for interference measurement can be introduced such that it increases the flexibility of measuring the desired MU or inter-cell interference only when it is needed.  Also, if interference measurement resource (IMR) is flexibly placed in different subframes, it can measure the MU interference from the data channel of the targeted paired UE without using extra overhead.  Figure 2 illustrates the case that the UE0 measures interference in the subframe where aperiodic IMR is located in the subframe where data of UE1 is scheduled.  Aperiodic IMR can be flexibly used to measure different MU or inter-cell interference hypothesis.


Figure 2 Flexible aperiodic interference measurement

Further, for the aperiodic IMR based on ZP RS, the BS needs to configure resources for each UE predicted in the MU pairing. One potential enhancement to reduce RS overhead further is sharing resource pool among UEs based on NZP RS. The paired UEs in the MU hypotheses share a configured NZP RS resource pool for interference measurement, and the specific resources are indicated if triggered. More specifically, two detailed design options are given as follows.  In addition, similar scheme can be considered for inter-cell interference measurement.  
Option 1: Sharing resource pool for interference measurement only
In this option, all the paired UEs in a MU prediction share the same NZP RS resource pool. The BS indicates the particular resource used for IM upon triggering. Then the BS transmits the NZP RS for all the paired UEs in one shared resource. Moreover, the BS needs to indicate the UEs which particular RS sequences are used. Then the UEs can perform interference estimation based on the SIC receiver. For the estimation of inter-cell interference, the other BSs also transmit NZP RS in this resource, and all the sequences used by the BSs need to be signaled in order to achieve accurate interference estimation.
Option 2: Sharing resource pool for both desired channel and interference measurement
In this option, the resource pool contains the NZP RS resources used for both desired channel and interference measurement. Aperiodic trigger indicates the resource for channel measurement and interference measurement dynamically.   The BS indicates the paired UEs which resources in the resource pool are used for channel measurement or interference measurement. UE acquires the CSI for its desired channel based on the channel measurement resource, and then subtract the RS power w.r.t. the desired channel in the interference measurement resource to obtain the interference power. 
Proposal 1：Support aperiodic reference signal for channel measurement for CSI feedback and beam selection/training.  Support aperiodic interference measurement resource for interference measurement.  Study resource pool sharing for channel and interference measurement resources.
Using demodulation RS for CSI refinement
In current LTE, DMRS is only used for data demodulation. If DMRS can be employed to measure and report CSI, the accuracy and latency of the CSI acquisition is improved since the DMRS-based CSI reflects the channel condition in data transmission directly.  Due to the high accuracy and low latency, the DMRS-based CSI can be used for link monitoring and fast transmission scheme adjustment. 
One simple example is to support DMRS-based CQI refinement so that the network can obtain the quality of the link rapidly.  In addition to CSI feedback, the network often uses HARQ feedback for MCS refinement.  Outer Loop Link Adaptation (OLLA), HARQ-ACK/NACK is transmitted and the transmission MCS is adjusted according to ACK/NACK and the predefined target BLER.  However, it sometimes takes too much time to converge and reach the target BLER especially when we consider small packet data transmission.  This can be extended to an enhanced scheme called soft HARQ where HARQ ACK/NACK is jointly coded with CSI  For example, UE feeds back delta SINR at demodulation stage, where delta SINR is the difference between the SINR of demodulation and SINR of target BLER.  This SINR can be estimated using DMRS.  This can also be seen as the power offset or CQI offset suggested by the UE to maintain the target BLER. Soft HARQ feedback indicates how much room it has to increase the MCS or power when ACK is fed back.  Similarly, it indicates how much more power it needs to reach the target BLER when NACK is fed back.   The network then can determine the granted MCS based on CSI feedback and soft HARQ feedback.  
In addition to the CQI/MCS adjustment, DMRS can be used for beam refinement.  In order to evaluate the signal receive quality of different potential beams used currently, DMRS can be transmitted with these beams in a round-robin way. UE measures the channel and feeds back the best one or more beams based on DMRS. By doing this, the network can adjust not only MCS but also the beam with very low latency.
Proposal 2：Study DMRS based CSI feedback including CQI adjustment and beam refinement.  Study soft HARQ scheme to jointly feed back HARQ and CSI.
Fast CSI feedback
1.1.1 Self-contained design for CQI and beam refinement 
Considering less stable high frequency radio link, it is desirable to support triggering of beam selection, CSI measurement and CSI reporting in the same subframe for fast beam selection. This enables the flexibility for the network to configure the desired measurement RS and trigger the CSI component/level according to its need.  The network can then flexibly configure number of beams and granularity of beams and inform the UE about the information of reference signals and the feedback configuration.    In addition to time domain, self-contained resources can be frequency domain resources or beam/port resources.  Further study should be done to investigate into the UE complexity of feeding back the beam selection/CSI information in the same subframe.  If self-contained design for HARQ feedback is possible, it should be feasible to extend it for CSI feedback as well.   As discussed in section 2.3, some simple adjustment on CQI or beam refinement can be done if the complexity is reasonably low.  If self-contained design is not possible for some cases, the feedback timing can be considered to be configurable.  
Proposal 3:  Support self-contained design to have triggering of aperiodic CSI/beam selection, CSI measurement and CSI reporting in the same subframe.
1.1.2 CSI feedback delay
CSI feedback delay has a significant impact on UE’s performance to do beamforming. In NR, both eMBB and URLLC services should be supported. For URLLC, CSI delay impacts the whole system latency as it impacts the scheduling delay and access delay to obtain the best beamforming for the UE. CSI delay also impacts the throughput performance since shorter CSI latency gives the BS better information on the real-time channel as well as a larger beamforming gain. In Table 2, the simulation results for different CQI delay levels are shown based on the ideal channel covariance feedback. Other simulation parameters are listed in Appendix I.
Table 2 Simulation results for different CQI delay levels
	R feedback, SU/MU adaptation with maximum 2 layers, 3D-Umi scenario, 16Tx

	CQI_Delay (ms)
	RU
	Mean
	5%

	2
	0.42
	32.48(+2.2%)
	12.50(+6.0%)

	4
	0.42
	32.20(+1.3%)
	12.23(+3.7%)

	6
	0.43
	31.78(0%)
	11.79(0%)

	8
	0.43
	31.63(-0.3%)
	11.34(-3.8%)

	10
	0.44
	31.27(-1.6%)
	10.88(-7.7%)


It is seen in Table 2 that for different CQI delay levels, the mean throughput doesn’t change a lot, but the cell-edge performance changes a lot. With shorter CQI delay, larger cell-edge throughput can be achieved. As the cell-edge UEs suffer lower SINR, large beamformaing gain is more beneficial for them. In aperiodic CSI reporting and/or aperiodic CSI-RS transmission, CSI delay mainly depends on the timing relationship among the triggering of CSI reporting, CSI-RS transmission and CSI reporting. Hence in order to achieve fast CSI feedback in NR, this timing relationship needs further studied.
Proposal 4: NR should study the timing relationship among the triggering of CSI reporting, CSI-RS transmission and CSI reporting and for aperiodic CSI reporting. 
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss aperiodic CSI mechanism.  
Proposal 1：Support aperiodic reference signal for channel measurement for CSI feedback and beam selection/training.  Support aperiodic interference measurement resource for interference measurement.  Study resource pool sharing for channel and interference measurement resources.
Proposal 2：Study DMRS based CSI feedback including CQI adjustment and beam refinement.  Study soft HARQ scheme to jointly feed back HARQ and CSI.
Proposal 3:  Support self-contained design to have triggering of aperiodic CSI/beam selection, CSI measurement and CSI reporting in the same subframe.
Proposal 4: NR should study the timing relationship among the triggering of CSI reporting, CSI-RS transmission and CSI reporting and for aperiodic CSI reporting. 
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Appendix I
	System level simulation parameters

	Scenarios
	3D-UMi 200m ISD

	Antenna Configurations
	2x1 virtualization

	Antenna Spacing
	(dV,dH)=( 0.8λ, 0.5λ)

	Number of UE antenna
	2Rx cross-polarized antenna

	Traffic model
	FTP 1 with packet size 0.5M byte

	OLLA
	Target at 10% BLER

	CSI-RS
	Overhead is accounted.  

	Codebook
	Rel-13 Class A codebook, codebook-config = 3

	HARQ
	Max 4 retransmissions

	Transmission rank
	1, 2

	SU/MU pre-coding
	With R feedback

	Scheduling
	Proportional fair, up to 2 UEs, up to 2 layers

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, Ideal channel covariance /PMI feedback

	Delay for scheduling and AMC
	6ms

	Receiver
	MMSE-IRC. With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom (Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	
Non-ideal modeling of channel estimation error modeling is used, based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 


[5] 

oleObject1.bin
Port


RB


TTI


1


1


1


1


1


1


1


1



image3.emf
A-CSI trigger  

for UE0

UE1

UE0 UE0 UE0 UE0

UE0+

UE1

UE0 feeds back CSI 

with interference from 

data for UE1

…….

……..

……..

UE0+

UE1

Aperiodic IMR


oleObject2.bin
A-CSI trigger  for UE0


…….
……..
……..


UE0+
UE1


UE1


UE0


UE0


UE0


UE0


UE0+
UE1


UE0 feeds back CSI with interference from data for UE1


Aperiodic IMR



image4.wmf
(

)

a

=+

HHE

%


oleObject3.bin

image1.png
2| s |4 s 7|8 |e te fas [ s | 7 s [ 1e

for UEL Subframe
cst
Beam v1
u Measurement RS





image2.emf
Port

RB

TTI

1 1

1 1

1 1

1 1


