[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #87	R1-1612196
Reno, USA, 14th – 18th November 2016

Agenda Item:	7.1.3.3
Source:               ITRI
Title:	Views on CSI acquisition and reporting for hybrid beamforming
 Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86bis [1], we had the following agreements for CSI reporting and hybrid beamforming in NR.
	Agreements:
· For hybrid beamforming, at least the following steps for CSI/RSRP acquisition should be studied: 
· Step 1: Beam-based CSI/ and/or RSRP (e.g., based on beam management procedures)
· To determine at least analog beam
·  Using UE feedback and/or beam-based reciprocity
· With beam-based reciprocity, TRP/UE can obtain DL/UL Tx beam from its Rx beam by multi-beam reception
· Step 2: Port-based CSI
· To determine the precoder for digital beam based on the reported analog beam(s)
·  Using UE feedback and/or port-based reciprocity
· With port-based reciprocity, TRP/UE can obtain DL/UL CSI based on UL SRS/DL RS
· Step 3: CQI 
· To determine CQI for data transmission given the reported analog and digital beam
· Based on UE-specific CSI-RS transmission
· Further optimization of the procedure for reciprocity/non-reciprocity can be considered
· Note: Certain steps may be merged/reordered/repeated
· Study the association between UL and DL RS in/among the above steps
· Note: CSI/RSRP acquisition for full digital or full analog beamforming can be a special case of the above framework
· For single-beam based approach, step 1 may not apply

Agreements:
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement
· NR supports aperiodic transmission of CSI-RS
· For CSI-RS transmission, NR supports at least one of following:
· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated
· FFS: Activation/De-activation mechanism
· Periodic transmission
· Periodic CSI-RS can be configured by higher layer
· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS
· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS
· NR supports aperiodic CSI reporting
· NR supports at least one of following:
· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS
· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases
· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least
· Aperiodic CSI reporting with aperiodic CSI-RS 
· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS
· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS 


This contribution provides our views for channel state acquisition and reporting for NR hybrid beamforming.
Discussion
A promising approach to reduce the number of costly RF chains is hybrid (analog/digital) architectures for NR MIMO which is extensively discussed in previous RAN1 meetings. With such techniques, signal steering at the TRP/UE is in general consisted of two main processing parts, digital beamforming (DBF) and analog beamforming (ABF). The former maps between logical ports (data streams) and transceiver units, TXRUs, (i.e., RF chains) input; while the latter maps between TXRUs output and antenna elements.   Baseband precoder information which is as CSI in LTE/LTE-A is carried via DBF. ABF could be implemented via phase shift and amplitude adjustments (so called beamforming weights) among multiple antenna elements, which is related to the azimuthal and elevation angles of the desired signal direction. Take DL case as example, at TRP, there might embed multi-panel structures. Both ABF and DBF weights could be determined based on UE feedback information as reference. Note that ABF weights correspond to a “beam” associating with a specific pair of azimuth and elevation angle. Feedback of ABF weights could be simplified to report of a “beam index”. This is possible one case due to the fact that analog beam could be started at the stage of initial access and/or control signal phases. Such analog beam could be regarded as virtual sectorization in a cell. According to beamforming weights reporting by UE gNB may catch general UE location such as categorize UE into a certain beam grouping which guarantees to robust CSI acquisition and subsequent data transmission in NR MIMO. Through proper beam management mechanism between ABF and DBF, it may achieve highly efficient resource utilization and experience less interference at the UE side. As a result, CSI measurement and reporting procedure could be constructed in the same framework for hybrid beamforming and beam management.  
Observation 1: CSI measurement and reporting procedure could be constructed in the same framework for hybrid beamforming and beam management.
Compare to ABF characteristic which belongs to wideband (i.e., frequency non-selective) and relate to geographical classification, DBF shall response to small-scale fading status of the channel. Due to different time-varying characteristics between ABF and DBF, network should configure different reporting period and offset for analog and digital beamforming information. For considerations of flexible design and reduced CSI-RS resources, they should be dynamically reported in different time instants with various rates as well. After possessing knowledge of UE recommended steering direction by ABF reporting, gNB could operate subsequent digital beamforming (such as UE-specific beamforming, SRS configuration, and rank, PMI, and CQI information calculation etc.). Once link connection made between gNB and UE, network may configure larger period of ABF reporting. Otherwise, as lost connection occurred (causing by UE blockage, mobility, and/or rotation etc.), it may trigger shorter period from one/multiple TRPs in order to re-connect rapidly. The conceptual figure for channel state reporting period of ABF/DBF is illustrates in figure 1. In addition, for proper resource scheduling arrangements, channel state reporting mechanisms (including ABF and DBF information) could be turn ON/OFF to switch other mechanisms since periodic, semi-persistent, and aperiodic CSI-RS transmissions/CSI reporting are introduced.
Proposal 1: For flexible design and reduced CSI-RS resources it is suggested ABF and DBF information could be dynamically reported in different time offset with various rates for UE reporting channel states.  
Proposal 2: Channel state reporting mechanisms (including ABF and DBF information) could be activated/de-activated to switch other mechanisms.
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[bookmark: _Ref458545241]Figure 1: Example of channel state reporting period on hybrid beamforming


Conclusions
In this contribution, we discuss the NR CSI acquisition and reporting on hybrid beamforming architecture and have the following observation and proposals.
Observation 1: CSI measurement and reporting procedure could be constructed in the same framework for hybrid beamforming and beam management.
Proposal 1: For flexible design and reduced CSI-RS resources it is suggested ABF and DBF information could be dynamically reported in different time offset with various rates for UE reporting channel states.
Proposal 2: Channel state reporting mechanisms (including ABF and DBF information) could be activated/de-activated to switch other mechanisms.
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