Page 1
3GPP TSG RAN WG1 Meeting #88              	R1-1702266
13th – 17th February 2017
Athens, Greece

[bookmark: Source]Agenda item:	8.1.2.3.1	
Source: 	AT&T 
Title: 	Aperiodic CSI Reporting for NR MIMO
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #AH1_NR the following agreements were made regarding phase tracking reference signal.
Agreements:
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported.
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets
· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting
· configuration is done by DCI and/or MAC CE and/or higher layer signaling

From the agreements we can conclude that for periodic CSI-RS transmission, both periodic and aperiodic CSI reporting is supported.  Even though the details of activation/deactivation are discussed, the agreement is not clear about the relation between the periodic and aperiodic CSI reporting. In this contribution, we provide our views on relation between the periodic and aperiodic CSI reporting. 
Motivation for Aperiodic CSI Reporting Conditioned on Periodic CSI Reporting
[bookmark: _Ref378529477]Consider the scenario with CSI-RS periodic transmission, the network configures the UE to send CSI peridocially as well as on demand basis.  For example, the existing LTE systems, it is common practice to configure the UE with both types of CSI reporting as this is beneficial for sub band scheduling as well as for calibration purposes.  Figure 1 shows the typical message sequence chart for downlink data transfer in NR close loop systems with periodic and aperiodic CSI reporting. From the reference signals, the UE computes the channel estimates then computes the parameters needed for CSI reporting, let’s say the  CSI report consists of for example channel quality indicator (CQI), precoding matrix index (PMI), rank information (RI) etc. and  the CSI computed over the whole bandwidth. For sub band reporting let’s say the network configures the UE with aperiodic CSI reporting as shown in Figure 1 via DCI. Once the network gets this information, it can schedule the UE with either sub band scheduling or with wideband scheduling.
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Figure 1 Message sequence chart between gNode B and UE with periodic and aperiodic CSI
It can be seen from above Figure that UE computes CSI for both periodic and aperiodic modes and some of the parameters might be common in both the reporting modes. The current agreement does not specify how the UE should compute the CSI when the network configures both periodic and aperiodic CSI reporting modes. This is especially important for UE battery power, as CSI computation is highly complex especially with the increase in number of antennas and the bandwidth.  Because in general the rank is computed over the whole transmission bandwidth.
Hence, we recommend NR should specify a mechanism to reduce the computational complexity for aperiodic CSI reporting based on periodic CSI reporting and vice versa. Since the network decides about the scheduling decisions, we recommend the network should send the signalling about the aperiodic CSI reporting conditioned on the periodic CSI reporting. 




Proposal 1:  NR should specify signaling mechanism to reduce the computational complexity for aperiodic CSI reporting based on periodic CSI reporting and vice versa.

Example of Signalling Mechanism for Rank Computation
As explained in above section, the computation of rank over wider bandwidths is highly complex with the increase in number of antennas.  However, rank information is a second order statistic of the channel and does not change fast unlike sub band precoding matrix or CQI.  As an example, we plotted the value of rank reported by the UE for 100 periodic CSI reports for various long term signal to noise ratios and found that rank reported by the UE is general constant or changes by either +1 or -1 for slow and medium Doppler frequencies. Figures 2-4 shows the instantaneous rank reported by the UE for long term SINR equal to 5, 15, 25  dB with 4 transmit antennas and rank transmission up to 4 layers. In all these cases we observed that rank information does not change drastically, means rank information does not go from 1 to 4 or 1 to 3, rather it changes slowly more specifically goes from 1 to 2 or 2 to 1 or 2 to 3 or 3 to 4 and vice versa.  
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Figure 2 Instantaneous RI at SNR equal to 5 dB

Hence, if the UE uses rank and the PMI reported for periodic reporting as the input when finding the RI/PMI during aperiodic reporting, the computational complexity for aperiodic CSI reporting can be significantly reduced. 
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Figure 3 Instantaneous RI at SNR equal to 15 dB
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Figure 4 Instantaneous RI at SNR equal to 25 dB
Observation: Rank information does not change drastically, means that it changes in steps of +1 or -1 for wide range of Doppler frequencies (UE speeds).
For example, the network can signal the UE to report (aperiodic) the PMI/CQI based on the rank computed during periodic report. Similarly, the network can indicate to the UE to compute the PMI/CQI for aperidic CSI report within a set of ranks (as an example, rank, rank+1, rank-1), where rank is the periodic CSI reported rank.
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In this contribution we described how the network can reduce the computational complexity at the UE when reporting both periodic CSI and aperiodic CSI reports. We observed that
Observation: Rank information does not change drastically, means that it changes in steps of +1 or -1 for wide range of Doppler frequencies (UE speeds).
[bookmark: _GoBack]Based on our observations, we have the following proposal:
Proposal 1:  NR should specify signaling mechanism to reduce the computational complexity for aperiodic CSI reporting based on periodic CSI reporting and vice versa.
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