Page 1

3GPP TSG-RAN WG1 #86 	R1-166381
22nd – 26th August 2016
Gothenburg, Sweden

[bookmark: Source]Agenda item:	8.1.5
Source: 	Qualcomm Incorporated
Title: 	Reference Signals and Procedures for CSI Acquisition 
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#85, the several use cases of RS design and CSI acquisition in NR multiple-antenna schemes have been discussed.  It is agreed that [1]
· In NR multi-antenna schemes, studies on RS design and CSI acquisition considering following use cases
· Non-UE-specific RS use case for CSI measurement 
· UE-specific RS use case for CSI measurement 
· Note: functionally may be analogous e.g.: to R13/14 UE-specific beamformed CSI-RS (with dynamic beamforming)
· Note: maybe relevant to UE receiving beam sweeping
· Use of a joint operation among multiple RS from the same or different use cases 
· RS for interference measurement use cases
· RS for channel reciprocity use cases
· Other use cases is not precluded
· Note: including measurement over aperiodic/periodic/semi-persistent RS
· Note: Subband RS is not precluded
Regarding the aperiodic RS, it is further agreed to [1]
· Study aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot, multi-shot RS) transmission
· Aperiodic RS can be used for CSI measurement including channel measurement (e.g. using CSI-RS) and/or interference measurement (e.g. using IMR)
· Study on demand UE measurement/reports and TRP RS transmission for CSI measurement only when needed 
· Study aperiodic CSI procedure to support CSI triggering, CSI measurement and CSI feedback in certain time interval(s).  These three steps can happen in the same or different time interval.
· Study aperiodic CSI procedure using RS for CSI measurement e.g. CSI-RS, demodulation RS.
· Others are not precluded
In this contribution, we discuss the transmission and procedures of reference signals for CSI measurement.
RS for CSI measurement
Non-UE-specific RS
Non-UE-specific RS can be considered for CSI measurement.  The non-UE-specific RS can be either cell-specific or TRP-specific.  The non-UE-specific RS can be either non-beamformed or beamformed.  
The non-beamformed RS is analogous to CLASS A CSI-RS in Rel-13.  For a cell/TRP, a UE can be configure with a single RS resource for CSI measurement.  There are could be two use cases for CSI measurement – implicit CSI measurement and explicit CSI measurement.  In case of implicit CSI measurement based on non-beamformed RS, a PMI codebook is needed at least for close-loop spatial multiplexing.  It is the common understanding that the PMI codebook is tightly coupled with the layout of the antenna port array associated with the RSs.  Although a scalable/configurable codebook framework has been specified in Rel-13, there are still some parameters, e.g., the oversampling factor and the inter-/intra-group beam offset, etc., which need to be carefully optimized for each potential layout.  The overhead of non-beamformed RS is another issue, especially when the dimension of the array is getting large.  If non-beamformed RS is supported for implicit CSI measurement, the number of RS ports shall not be larger than that in Rel-14 FD-MIMO, unless there are sufficient performance benefit justifying the support of a larger number of RS ports. 
Proposal 1: For implicit CSI measurement, the number of non-beamformed RSs shall be not larger than 32.
The beamformed RS is analogous to CLASS B CSI-RS with K > 1 in Rel-13.  For a cell/TRP, a set of cell-/TRP-common RS resources can be defined and a UE can be configured with a subset of RS resources for CSI measurement.  The RS resources are shared by UEs for measuring the CSI from the cell/TRP.  For a RS resource, the RS beamforming weight may be dynamically changed over time to support beam sweeping.  Subframe-level or symbol-level dynamic beamforming can be considered.
Proposal 2: Non-UE-specific RS may be beamformed with multiple RS resources.  Dynamic beamforming over subframe or symbol is supported.  
UE-specific RS
The non-UE-specific beamformed RS may not be able to adapt to each UE’s channel due to its cell-/TRP-common nature. The beamforming resolution depends on the number of beams available for RS transmission.  To better adapt to each UE’s channel, UE-specific RS which is analogous to CLASS B CSI-RS with K = 1 in Rel-13 can be considered for CSI measurement.  The UE-specific RS overhead, however, might become an issue as the number of UEs increasing.  Aperiodic UE-specific RS transmission can be considered for RS overhead reduction.  RRC/L1 signaling can be introduced to indicate the aperiodic RS transmission to a UE.  A UE can be configured with one or multiple UE-specific RS resources semi-statically via RRC signaling.  The aperiodic RS transmission happens on one out of the configured resources, which can be dynamically indicated by a L1 signaling.
Proposal 3: Aperiodic UE-specific RS is supported for CSI measurement.  Each UE can be configured with one or more UE-specific RS resources by only one resource is dynamically indicated for aperiodic RS transmission. 
Joint operation among multiple RS
Besides standalone non-UE-specific RS or UE-specific RS, joint operation among multiple types of RSs can be considered for CSI measurement.  Several options can be considered.
Hierarchical non-UE-specific beamformed RS
One special use case of non-UE-specific beamformed RS is configure a single RS resource and enable dynamic beamforming.  Thus beam sweeping can be essentially supported on the configured RS resource as shown in Figure 1.  For example, If the RS transmission happens every TRS subframes and there are 16 beamforming weights Wk, k = 1, 2, …, 16, need to be sweep.  Then it will take 16 TRS subframes for a UE to measure all candidate beams.  
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Figure 1. Beam sweeping using a single non-UE-specific RS resource.
To reduce the round-trip time of beam sweeping, a hierarchical non-UE-specific RS resource configuration can be considered, as shown in Figure 2.  For example, a UE can be configured with two-levels of RS resources.  The first level contains a RS resource 0, while the second level contains 4 RS resources.  On the first level resource, 4 beamforming weights W0k, k = 1, 2, 3, 4, are used to transmit RS every TRS subframes.  A UE first do a coarse CSI measurement on the first level resource.  It will take 4TRS subframes for a UE to select one best beam out of the 4 beams.  Then the UE may based on the selected first level beam to choose one second level resource to perform a fine CSI measurement.  It will take another 4TRS subframes for a UE to measure the CSI on the four beams associated with the selected second level resource.  In total it takes only 8TRS subframes for a UE to determine the best beam.  
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Figure 2.  Beam sweeping using hierarchical non-UE-specific RS resources.
Proposal 4: Hierarchical non-UE-specific RSs can be considered for CSI measurement.
Hybrid of non-UE-specific non-beamformed RS and UE-specific RS
The CSI measurement can be based on UE-specific RS when reciprocity is available, as the TRP has sufficient knowledge about the channel to perform UE-specific RS beamforming.  When reciprocity is not available, CSI measurement may rely on non-UE-specific RS.  But standalone non-UE-specific RS based CSI measurement may suffer from the RS overhead for large number of antennas as aforementioned.  Alternatively, the joint operation among non-UE-specific RS, either non-beamformed or beamformed, and UE-specific RS can be considered.  
One possible joint operation is based on non-beamformed RS and UE-specific RS.  The non-beamformed RS can be transmitted in a long duty-cycle to help UE estimate the statistical information about the channel, e.g., the wideband transmit covariance matrix.  The UE may feedback the estimated statistical channel information and the TRP may base on such information to perform UE-specific RS beamforming.  The UE can measure subband/short-term CSI based on UE-specific RS on-demand.
Proposal 5: Joint operation among a long-term non-beamformed RS and on-demand UE-specific RS shall be considered for CSI measurement.
Hybrid of non-UE-specific beamformed RS and UE-specific RS
Another possible joint operation is based on non-UE-specific beamformed RS and UE-specific RS.  Essentially, it’s a hybrid of two types of beamformed RS.  The non-UE-specific beamformed RS can be exploited to refine UE-specific RS beamforming.  For example, the UE may measure multiple non-UE-specific beamformed RS and report the information to indicate how to combine multiple non-UE-specific beams to form a UE-specific RS.  The combined beam is expected to be more accurate than any non-UE-specific beam.  Another possible approach for UE-specific RS refinement is to use dynamic beamforming on non-UE-specific RS to do channel probing.  The UE may report some differential CSI based on non-UE-specific RS and UE-specific RS to help TRP progressively refine the UE-specific RS beamforming.
Proposal 6: Joint operation among non-UE-specific beamformed RS and UE-specific RS shall be considered for CSI measurement.
RS for channel reciprocity
To exploit UL-DL reciprocity, RS for UL channel sounding is needed.  Since LTE Rel-10, a UE may be configured to transmit SRS on multiple antenna ports of a serving cell.  The number of antenna ports may be configured by higher layer signaling.  A UE configured for SRS transmission on multiple antenna ports shall transmit SRS for all the configured antenna ports within one SC-FDMA symbol of the same subframe.  A real-world multi-antenna UE, however, may have dissimilar radiation patterns at different antenna ports due to mutual coupling.  Sounding imbalanced antennas may lead to inefficient power utilization.  As the MIMO channel between the imbalanced UE antennas and the eNB antennas could be rank-deficient, sounding all UE antennas can be a waste of power.  Especially for the cell-edge UEs, the limited transmit power should be allocated to some “good” antennas, instead of splitting the power on all UE antenna ports.  To tackle this issue, dynamic sounding port management can be considered.  A UE can be configured with a maximum number of antenna ports for UL sounding by higher layer.  A UE can dynamically manage a subset of UL antenna ports based on its own measurement or receives an indication of a subset of UL antenna ports for transmitting SRS.  For example, the UE may be configured with up to 8 antenna ports UL sounding, but the SRS is transmitted on only 4 antenna ports in some subframes, and on 6 antenna ports in some other subframes.  
Proposal 7: Dynamic management of antenna ports for UL sounding shall be considered.
In some scenarios, the UE may identify certain precoding to be applied to the SRS in order to improve the quality of the channel sounding.  The precoding to apply to the reference signal may be selected based on an indication by the TRP itself. Such a precoded uplink reference signal may be useful to improve the channel estimation quality.
Proposal 8: Study the effect of beam-formed uplink reference signals for NR MIMO.
Aperiodic RS
One of the potential issues with beamformed RS is the RS overhead since dedicated RS resource is configured for each UE in a cell/TRP.  Even though each UE may only require 2 port RS resource, the demand for RS resources could be very high when there is a large number of RRC_CONNECTED UEs configured with NR MIMO operation in the cell/TRP.  Therefore, improving RS resource utilization efficiency for overhead reduction is required for beamformed RS.  Following alternatives can be considered.
· Alt-1 On-demand RS for CSI and interference measurement
· Alt-2 Dynamic RS resource sharing 
· Alt-3 Dynamic RS activation and/or deactivation
In Alt-1, the RSs for CSI measurement and interference measurement can be transmitted according to UE’s traffic demand.  The RSs are configured dynamically via L1 signaling.  The on-demand interference measurement may allow the UE to measure multiuser interference based on cell/TRP scheduling.  If several UEs will be co-scheduled for data transmission, the on-demand RSs for CSI and interference measurement can be transmitted in subframe n.  The UEs can be triggered to measure and report CSI and multiuser interference based on the RS in subframe n.  The cell/TRP may transmit data for those UEs in subframe n + k on reception of the CSI reporting, k > 0.  
In Alt-2, several UEs may be configured with an N-port RS resource semi-statically.  These N ports are shared by those UEs and are dynamically allocated to each UEs for UE-specific RS transmission.  Each UE will be triggered to measure only a subset of antenna ports in the configured resource.  For example, 2 UEs are configured with the same 4-port RS resource associated with RS Ports {0, 1, 2, 3}.  In subframe n1, UE 1 is triggered to measure RS Ports {0, 1}, and UE 2 is triggered to measure RS Ports {2, 3}.  In subframe n2, if UE 1 doesn’t need to measure CSI, e.g., due to no traffic demand, all 4 RS ports can be assigned to UE 2 to improve the CSI accuracy.
In Alt-3, a UE may be configured with multiple RS resources semi-statically.  The RS transmission on the configured RS resources is dynamically indicated.  The UE shall not assume RS transmission on the configured resources, unless an activation signalling is received.  The UE shall assume a RS resource is muted when the corresponding deactivation signaling is received.  Alt-3 allows the UE to have multiple RS configuration but do measurement on a subset of the configurations.  It may also reduce the L1 triggering overhead as the cell/TRP just need to indicate which pre-configured RS is on/off, rather than indicate the whole RS configuration.
For all these alternatives, the unused RS resources may be reused for DL data transmission.  Rate matching indication shall be studied to support using the unused RS resources for DL data transmission.  
Proposal 9: Aperiodic RS transmission shall be supported, at least including on-demand RS, dynamic RS resource sharing, and dynamic RS activation/deactivation.
Proposal 10: Rate matching for DL data transmission on unused RS resources shall be studied.
[bookmark: _Ref378529477]Conclusions
In summary, we discuss views on RS design and procedures for CSI acquisition.  We propose
Proposal 1: For implicit CSI measurement, the number of non-beamformed RSs shall be not larger than 32.
Proposal 2: Non-UE-specific RS may be beamformed with multiple RS resources.  Dynamic beamforming over subframe or symbol is supported.
Proposal 3: Aperiodic UE-specific RS is supported for CSI measurement.  Each UE can be configured with one or more UE-specific RS resources by only one resource is dynamically indicated for aperiodic RS transmission.
Proposal 4: Hierarchical non-UE-specific RSs can be considered for CSI measurement.
[bookmark: _GoBack]Proposal 5: Joint operation among a long-term non-beamformed RS and on-demand UE-specific RS shall be considered for CSI measurement.
Proposal 6: Joint operation among non-UE-specific beamformed RS and UE-specific RS shall be considered for CSI measurement.
Proposal 7: Dynamic management of antenna ports for UL sounding shall be considered.
Proposal 8: Study the effect of beam-formed uplink reference signals for NR uplink MIMO.
Proposal 9: Aperiodic RS transmission shall be supported, at least including on-demand RS, dynamic RS resource sharing, and dynamic RS activation/deactivation.
Proposal 10: Rate matching for DL data transmission on unused RS resources shall be studied.
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