	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #90	R1-1714514
Prague, Czech Republic, 21st – 25th August 2017
[bookmark: Source]Agenda item:	6.1.2.2.9
Source: 	Samsung
Title: 	Discussion on joint CLI measurement and beam management
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: _GoBack]Introduction
In RAN1 NR Ad-Hoc#2 and #89, the following agreements have been achieved in [1] and [2]  
Agreements:
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management
· FFS transmit power for the N SRS resources for UL beam management  
· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.
    In addition, pertinent agreements on duplexing are summarized as follows [2]:
Agreements:
· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
· For UE-to-UE interference, support CLI measurement metrics which include at least one of
· RSRP for the purpose of CLI
· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting
· RSSI for the purpose of CLI
· FFS the definition (e.g., resources for the measurement) and the corresponding reporting
· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting
    In this contribution, we study the impacts of CLI management, especially UE-to-UE interference measurement and reporting on UL beam management.  
Impacts of UE-to-UE interference measurement to UL beam management 
Flexible TDD design as a means to modify the capacity split between uplink and downlink can be optimized to increase spectrum flexibility. However, such designs could introduce the problem of strong cross-link interference (CLI) when a downlink transmission happens at the same time of an uplink transmission or vice versa. Two UEs in the proximity of each other may be subject to CLI as interference from the uplink transmission of UL-users may affect the downlink reception of DL-users in the different cell. UE-to-UE interference is difficult to handle as the interference situation can be changed continuously by the mobility of UE. Having proper CLI management mechanisms is essential for a proper dynamic TDD operation. SRS and/or DMRS can be used for UE-to-UE interference measurement and reporting to facilitate such interference coordination mechanism. Basically, to assist UE-to-UE interference coordination, the interfering Tx beam of the aggressor UE should be identified via this measurement and reporting procedure and the details can be found in our companion contribution [3].
SRS will also be used in UL beam management as agreed in [1], which include U-1, U-2 and U-3 procedures. U-1 is the basic procedure to select both TRP Rx beam and UE Tx beam. U-2/U-3 could be utilized for refinement of beams selected in U-1. For the cases of U-1 and U-3, TRP measures different UE Tx beams via SRS and selects UE Tx beams. 
Observation 1: Both UE-to-UE interference measurement and UL beam management can make use of SRS.
In this regard, UL beam management and UE-to-UE interference coordination can be jointly considered and optimized. The implementation of such joint mechanism can be applied over time in an iterative fashion so that the measurement and reporting in UE-to-UE interference measurement can be explored by UL beam management procedure. Basically, from the UE-to-UE interference measurement reports obtained from previous CLI management operation, the ‘harmful’ SRS Tx beams causing major interference from the aggressor UE can be identified. When the aggressor UE conducts beam sweep in UL BM, it can explore the existing measurement reports obtained from UE-to-UE measurement and identify the ‘harmful’ SRS Tx beams. Therefore, the NW can configure the candidate SRS Tx beam set and eliminate those harmful SRS Tx beams that will cause significant cross link interference from the set so that the size of the candidate SRS Tx beam set can be reduced. Therefore such information can be used to facilitate BM procedure so that there is reduced need to configure SRS and reporting when conducting BM for a UE. In this regard, there is a need to inform UE about the harmful Tx directions so that these Tx directions can be muted for certain SRS resources, which have already been configured by RRC. It can also be done in semi-persistent way that that a RRC reconfiguration signal can be sent to remove certain Tx direction(s) and thus also resulting in reduced SRS resources. Either approach chosen, there needs to be a way to tell the UE that a SRS Tx beam(s) is not needed.
Proposal 1: UE-to-UE interference measurement and reporting should be explored to facilitate UL beam management. 
It has been agreed that gNB can configure one or more groups of SRS resources for different purposes, e.g., BM, DL CSI acquisition, etc. [2]. Following this agreement, there could be a SRS resource group for UE-to-UE interference measurement, denoted as U-SRS group, if SRS is supported for such procedure. Then the question is once the harmful Tx SRS beams are identified by the UE-to-UE interference measurement procedure, there is a need to identify the corresponding SRS Tx beams in the UL BM SRS resource group, denoted as B-SRS group. QCL w.r.t. spatial parameters between two groups might not be valid here since they are more focused on Rx side and the receivers in two procedures are different, i.e., victim UE and gNB of the aggressor UE, respectively. In order to establish the correspondence between two SRS resource groups, we propose some alternatives as follows:
· Alt1: U-SRS group and B-SRS group fully overlap, i.e., UE-to-UE interference measurement use the same SRS resource group for UL BM;
· Alt2: U-SRS group and B-SRS group do not overlap and correspondence needs to be reported by the UE using spatial parameters, e.g., AoD of the SRS Tx beam;
· Alt3: U-SRS group and B-SRS group partially overlaps. In such a case, within the overlapped subgroup, Alt1 can be used and for the non-overlapping subgroup, Alt2 can be used to establish correspondence.
Proposal 2: The correspondence between U-SRS and B-SRS groups should be further investigated. 
SRS configuration based on UE-to-UE measurement and reporting
As aforementioned, there is a need to mute some of the SRS Tx beams in UL BM for the sake of interference avoidance, which means the candidate SRS Tx beam set should be configurable. The UE-to-UE CLI measurement might not always be valid due to the fast change of the environment. In such a case, the configuration should be done by the network. It has been agreed that SRS can be configured for UL BM as aperiodic, periodic, or semi-persistent and the signaling [1]. There are three options for the signaling to mute a certain SRS resource or resources, e.g., RRC, MAC CE and DCI. 
The benefit of MAC based signaling is that signaling latency is shorter than that for RRC signaling, and can be more adaptive to the need for dynamic CLI mitigation. Once configured by RRC, the UE assumes all resources configured by RRC are not muted at the beginning. The MAC CE signaling can indicate one or more resources that should be muted by the UE and the duration of muting is also indicated by the network. After expiry of the duration, the UE assumes all SRS resource or PRACH resource are no longer muted. The duration signaling can be indicated by RRC or can be indicated in the same MAC CE signaling for indicating the resource muting, or in a separate MAC CE signaling. Without configuration of muting duration, the resources indicated to be muted will be assumed by the UE to remain muted until the reception of the next signaling.
The signaling to mute a certain SRS resource can also be based on dynamic control information (DCI) signaling, carried on NR-PDCCH. The benefit of DCI signaling is that signaling latency is even shorter than that for MAC CE signaling, and then can be adaptive to the need for dynamic CLI mitigation on a slot basis. The DCI signaling mechanism can be the same as that for MAC CE signaling as described previously. The DCI signaling can also be applied to enable on-demand or one-time ‘aperiodic’ muting, i.e. the muting is only applied to the resource in the same slot or the first slot configured with the resource after decoding of the signaling.
Proposal 3: MAC CE and DCI should be considered for SRS muting signaling.
Since the beam width at the UE side might not be narrow because of the size limit, completely muting a certain Tx direction or directions for the aggressor UE to mitigate CLI might not always feasible. Instead of muting, another option is to reduce the UL transmission power of the aggressor UE for a certain SRS Tx beam or beams so that the CLI can also be reduced even if this beam is selected as UE Tx beam. In this regard, the UE can be configured to cap its UL transmit power to smaller maximum for a certain SRS resource. The signaling methods described aforementioned can also be applied for the UL transmit power control of the certain SRS resource. 
Proposal 4: Transmit power of SRS resources should be configurable. 
Conclusions
This contribution studies the impacts of CLI management on UL BM and investigates possibility of exploring UE-to-UE measurement and reporting in CLI management to facilitate UL BM with reduced signaling overhead and less CLI interference. The observations and proposals are as follows:
Observation 1: Both UE-to-UE interference measurement and UL beam management can make use of SRS.
Proposal 1: UE-to-UE interference measurement and reporting should be explored to facilitate UL beam management. 
Proposal 2: The correspondence between U-SRS and B-SRS groups should be further investigated. 
Proposal 3:. MAC CE and DCI should be considered for SRS muting signaling.
Proposal 4: Transmit power of SRS resources should be configurable. 
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