	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
3GPP TSG RAN WG1 Meeting 90bis	R1-1717605
Prague, CZ, 9th -13st October 2017
[bookmark: Source]Agenda item:	7.2.2.3
Source: 	Samsung
Title: 	On Beam Management, Measurement and Reporting
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
[bookmark: _Ref489630082]In this contribution, we present Samsung’s views on various aspects of DL and UL beam management, including beam indication, beam measurement and reporting, and UL beam management. Pertinent agreements made on beam management, beam measurement/reporting and UL beam management so far can be summarized in Annex.
Downlink beam indication 
Significant progress was made in RAN1 meetings #90 and NR AH3 on the beam management topic. A key step was to establish a common framework for PDSCH and PDCCH beam indication. Per this framework, RRC configures a set of M Candidate Transmission Configuration Indication (TCI) states where each TCI state contains a reference to an RS Set comprising one or more DL RS index(-es), for purposes of providing QCL reference for either PDSCH or PDCCH reception. If there is more than one DL RS index within an RS set, each RS index within that set may provide different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with Doppler spread and Doppler shift. Thus, a TCL state acts as a pointer for the UE to determine which RS set (or DL RS index (-es)) the UE should use in order to determine its QCL references for the DM-RS ports associated with PDSCH and/or PDCCH.
For PDCCH reception, the QCL reference is configured by signalling the association of either a CORESET or Search Space (decision of whether to use CORESET or Search Space is FFS) to a TCI state. The RS Set linked to the TCI state will provide the QCL reference for the PDCCH. It has also been agreed in prior RAN1 meetings that the configuration of PDCCH beam indication will be performed via RRC/RRC + MAC-CE signalling and the need for DCI signalling is FFS.
NR will support dynamic beam indication for PDSCH. To facilitate such a functionality, in RAN1 #90, it was agreed to introduce an N-bit Indicator State (IS) field in the DL-related DCI field for PDSCH beam indication. The meaning of the IS field in the DCI, including how to associate it to a TCI state for purposes of determining the PDSCH beam indication are FFS. One line of thought is to have a 1-1 mapping between the set of RRC configured candidate TCI states (of cardinality M) and the number of indicator field states in the DCI (= 2^N). Alternatively, one could configure M > 2^N and use higher-layer signalling could indicate which set of 2^N states among the M candidate states are activated at any given time. Such type of functionality may be useful if it desired to have different set of TCI states (beams) for purposes of PDSCH and PDCCH beam indication. On a separate thread, whether the N bit indicator field is always present in a given DL-related DCI, and whether the beam indication field is contained within the DL assignment DCI or can be separate are still FFS. 
Lastly, the timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH. In the following sub-sections, we provide detailed proposals on how to address the above FFS issues.
Configuration of QCL reference
The configuration of QCL reference for beam indication can be broken into two steps:
Step 1 [initialization]: RRC provides one RS set per TCI state, such that the DL RS index (-es) inside that RS set provides candidate QCL references (including spatial RX parameters) used to receive the DM-RS for PDSCH and/or PDCCH. For purposes of PDCCH reception, the CORESET/Search Space configuration will include a reference to one TCI state. The DL RS index (-es) linked to that TCI state will provide QCL reference for the PDCCH-DMRS reception during the monitoring occasion for that CORESET/Search Space.
Step 2 [update]: For configuration of QCL reference for PDSCH and PDCCH, MAC-CE signalling can be considered to explicitly update the association between a TCI state and the ID of a DL RS(s). In case of PDSCH, additionally an implicit update (e.g. via DCI signalling) of the association of a QCL reference to a TCI state can be further considered if a compelling need is identified.
Details of step 1 (RRC configuration)
The initial RRC configuration can set up a small number of TCI states relative to the total number of candidate beams (e.g. 256 CRI values). The RRC configuration could associate a TCI state to either SSB or P/SP CSI-RS. For association of a TCI state to an AP CSI-RS resource, it is preferred to use faster signalling (L1/L2 based). Refer 2.3 for details.
Regarding the relationship between the number of TCI states M and the number of indicator states (ISs) in the N-bit DCI field for QCL indication for PDSCH, the motivations provided by the proponents for M > 2^N is as follows: First, the network can flexibly configure an arbitrary subset of 2^N ISs within the candidate pool of M states for beam indication purposes. Second, having the gNB could maintain separate list of TCI states for beam indication for PDSCH and PDCCH. In our view, both of the above motivations could be realized even using M = 2^N as long as the specification provides hooks to ensure that a) network can update the association of TCI states to QCL references, and b) flexibly configure QCL references for PDSCH and PDCCH for various use-cases. 

A related issue is regarding the topic of “FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes”. If a TCI state is used for signaling rate matching information, the number of TCI states to handle different combinations of rate matching could grow quite large considering the lack of cell-specific RS in NR. From a specification and signaling design perspective, it may be simpler to separately signal the rate-matching assumptions of the UE within the scheduling DCI, and simply use the indication field in the DCI message to configure only the QCL assumptions for PDSCH reception. The same framework applies for both mmWave and sub-6GHz operation, the only difference is no QCL reference relating to spatial Rx parameters is needed for sub-6GHz operation.

Proposal 1: The number of candidate TCI states M is set equal to the maximum number of indicator states (2^N) in the DCI field. The term “TCI” is also used to refer to the N-bit indicator state (in the DL DCI) which is used for indication of the QCL reference for receiving PDSCH.
Proposal 2: The TCI field in the DCI is only used to signal the QCL related parameters for reception of PDSCH. The TCI field does not carry any additional information (e.g. rate-matching related). The meaning of the IS field in the DCI stays the same irrespective of the frequency band of operation.
Proposal 3: A maximum of M = 16 TCI states can be RRC configured. 
· The RRC configuration of a TCI state can be used to associate it to a NZP CSI-RS (P/SP CSI-RS) or SSB. RRC configuration of TCI state to AP CSI-RS is not supported. 
· The number of bits used in the DCI field for purpose of PDSCH beam indication is set to equal log2 (M) = 4 bits.
The association between the TCI states and the DL RS index(-es) within an RS set also involves the signalling of the QCL parameters (chosen within Average gain, Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (above 6 GHz)) associated with each index. Per our analysis in [8], at least the following 3 parameter sets could be supported in NR namely {Average Gain, average delay, delay spread}, {Doppler shift, Doppler spread} and {Spatial Rx parameters}. A 3-bit bit map could be provided per DL RS index within the RS set to indicate which QCL parameter set is provided by that DL RS index. 
Proposal 4: A 3-bit bitmap is configured per DL RS index within the RS set for indication of the following QCL parameter set provided by that DL RS index.
· Parameter set 1: {Average gain, Average delay, Delay spread}
· Parameter set 2: {Doppler shift, Doppler Spread}
· Parameter set 3 [only for mmWave]: {Spatial Rx}
[bookmark: _Ref494370860]Details of step 2 (update mechanism)
Due to UE mobility, orientation and environmental effects such as blockage, it is inevitable that the preferred TX-RX beam pair for both PDSCH and PDCCH could vary as a function of time. To facilitate beam tracking, RAN1 has agreed to introduce beam group reporting wherein the UE reports its preferred set of TX beams for each RX beam set. Based on the UE feedback, the gNB has the flexibility to configure (replace) the QCL reference for a given TCI value with a different set of DL RS index (-es). 
Explicit update of QCL reference for TCI state
To enable update of QCL reference to occur on a faster time-scale compared to RRC, MAC-CE signalling can be used. The signalling could consist of a TCI state and a set of DL RS index (-es), including their QCL parameters, which provide the updated QCL reference for that state. This operation can be implicitly done by using activation/deactivation of SP CSI-RS. Since there can be multiple SP CSI-RS resources inside a resource set, only activated resources can be used for TCI state. By combining the indication of TCI state and associated SP CSI-RS activation, separate activation/deactivation signalling via MAC CE is not needed. The expected UE behavior, upon reception of the MAC-CE is to replace its RS set for that TCI state, with the activated DL RS index (-es) and QCL parameters indicated inside the MAC-CE payload. For PDSCH reception, when the UE receives a DCI containing the beam indication field pointing to that TCI state, the UE subsequently uses the new DL RS index (-es) to determine its updated QCL parameters to receive its PDSCH-DMRS ports. The QCL reference for CORESETs/search spaces (configured with that TCI value) is also updated correspondingly. Refer Figure 1 for a conceptual view.



[bookmark: _Ref494299784]Figure 1: Conceptual view of the beam indication update framework

Proposal 5: MAC-CE signalling is used to associate for a TCI state, an updated list via activation/de-activation of the corresponding DL RS, providing QCL reference for that state. The UE assumes it is an error case if it receives a DL DCI consisting of a TCI state which is not associated to an activated resource. 
· Upon reception of the MAC CE at time n, the expected UE behavior at time n + d (d: FFS) is to apply the updated QCL reference for that TCI state for PDSCH and for PDCCH if the corresponding CORESET/SS is configured with that TCI state. 


[bookmark: _Ref494456557]Figure 2: Example operation with multiple CORESETs

From a multi-user scheduling perspective, to facilitate beam grouping of multiple users falling within identical beam coverage to reuse the same CORESET resource, it may also be beneficial to provide the hooks to flexibly activate/deactivate CORESET/SS. As an example, consider a scenario shown in Figure 2 consisting of UEs 1-4. The UE of interest (UE1) is configured with two CORESETs with IDs 1 and 2. Assume that the CORESETs are cell-specifically configured on non-overlapping resources (time, frequency and beams) i.e. from a transmission perspective, CORESET 1 and 2 use different time, frequency and beam resources (via DL RS 1 and DL RS2) respectively. 
As part of UE-specific higher-layer configuration for UE1, both its configured CORESETs are identically associated to TCI = 1 (QCL reference = DL RS Index 1). Since UE1 falls within beam coverage of CORESET 1 (DL RS Index 1), for minimizing blind decoding operations, the network could activate CORESET 1 while CORESET 2 could be configured inactive. From a UE perspective, UE1 monitors PDCCH on the occasions of CORESET 1 however it does not monitor CORESET 2 for PDCCH. 
Suppose now that UE1 moves to the coverage area within CORESET2 i.e. UE1 notifies the gNB that DL RS Index 2 is its preferred beam. Following the reception of UE measurement reports, the gNB could explicitly notify the UE to associate TCI = 1 to use DL RS Index 2 as QCL reference. The gNB could subsequently de-activate CORESET 1 and activate CORESET2 at UE1. Since UEs 1 – 4 now fall within the beam coverage of CORESET2, the control channel overhead is significantly reduced. From a rate matching perspective, UE1 can assume that its PDSCH is not rate-matched around CORESET1 since CORESET1 is deactivated and so it does not need to monitor PDCCH on CORESET1. This implies improved data channel efficiency and overall improved system operation. Indication of CORESET deactivation is also results in power reduction at the UE due to fewer blind decodes.
Proposal 6: Consider signalling to deactivate a CORESET for power reduction at the UE and improving multi-user scheduling efficiency. For deriving its rate-matching assumptions for PDSCH demodulation, a UE assumes that its PDSCH can overlap (if applicable) on deactivated CORESET resource (s).
Implicit update of QCL reference for TCI state
To employ refined beams for receiving PDSCH, the gNB could dynamically trigger beam refinement procedures via P2/P3 DCI messages and provide QCL reference via an “on-demand” resource such as AP CSI-RS which could provide refined beams. The QCL reference for receiving the triggered set of AP CSI-RS resources could be provided either through including a TCI field in the triggering DCI or by assuming that the AP CSI-RS resources follow identical QCL reference as the PDCCH-DMRS containing the triggering DCI. 
In an implicit update mechanism, following measurement, the UE independently updates the RS set (associated to the TCI value included within the DCI) to replace the RS providing spatial Rx parameters with the ID of the preferred AP CSI-RS resource among the triggered AP CSI-RS set. Considering the well-proven nature of explicit update signalling for indicating association between a TCI state and an AP CSI-RS resource, in our view, the need for implicit update of QCL reference should be studied further. Even if supported, it is unclear whether the implicit update mechanism could be used to update the QCL reference for PDCCH, since the main motivation for triggering AP CSI-RS is for training the UE to receive narrow beams which are more relevant for PDSCH reception. One way to facilitate whether or not refined beams can be used for receiving the PDCCH-DMRS on a CORESET is to introduce a higher-layer CORESET parameter which determines whether or not the QCL reference for that CORESET may be implicitly updated via DCI triggering of AP CSI-RS. If the parameter disables dynamic QCL update of a CORESET via implicit mechanism, then the QCL reference for that CORESET will be obtained via the most recent RRC/RRC + MAC-CE signalling received for that CORESET. If that parameter is enabled, the QCL reference for that CORESET may be dynamically updated via implicit mechanism. 
Proposal 7: The determination of QCL reference for a set of AP CSI-RS resources triggered via DCI is per the following procedure:
· If the triggering DCI includes a TCI field, the DL RS index (-es) linked to that TCI field provide QCL reference for reception of triggered AP CSI-RS resource set. 
· If the triggering DCI does not include a TCI field, the DL RS index (-es) linked to the TCI field of the CORESET containing the scheduling DCI provide QCL reference for reception of the triggered AP CSI-RS resource set.
· FFS on implicit update mechanism: Following measurement on the AP CSI-RS, the UE replaces the QCL reference for the TCI field (either indicated in the DCI or corresponding to the CORESET) with the preferred AP CSI-RS resource among the triggered AP CSI-RS resources
Proposal 8: If implicit update mechanism is supported, introduce a higher-layer CORESET parameter which determines whether or not the QCL reference for a CORESET can be updated via the implicit mechanism.
Relationship between beam indication for PDSCH and PDCCH
The following use-cases could be considered further as part of the beam indication design for PDSCH and PDCCH.
Use-case 1: The PDSCH and the CORESET carrying the scheduling PDCCH are received using independent QCL references. This use-case is quite natural and can be addressed via a combination of the explicit and implicit mechanisms described in previous sections.
Use-case 2: The PDSCH and the CORESET carrying the scheduling PDCCH are received using identical QCL references. This may be useful for following motivations:
1. simplifies beam indication procedures
2. facilitating potential fall-back operation (e.g. PDSCH follows PDCCH beam)
3. removes the need for including a IS state in the DL assignment DCI facilitating improved control channel coverage
Support for Fall-back CORESET
To facilitate the fall-back option described in use-case 2, higher-layers could configure the UE such that it assumes that the QCL parameters to receive PDSCH are identical to the scheduling PDCCH. One way is that the CORESET configuration could include whether or not a TCI field is present/absent within DCI messages sent via that CORESET. If the parameter is enabled, any DCI message carried within the CORESET includes a TCI field, and such a fall-back CORESET could be used to transmit PDSCH using identical beam(s) as the scheduling PDSCH. When the UE detects a DCI scheduled within a fall-back CORESET, the UE assumes that the DL RS associated with the TCI also provides QCL reference for PDSCH in case of a DL assignment DCI. If disabled, then the UE assumes that TCI field is not present within any DCI message delivered via that CORESET. The UE would apply the same QCL reference associated with the CORESET for receiving the PDSCH/AP CSI-RS scheduled on that CORESET.


Proposal 9: To support fall-back operation of PDSCH, support configuration of a “fall-back” CORESET. Whether or not a CORESET is configured as fall-back is provided through a CORESET-specific higher layer Boolean parameter.
· If set true, the CORESET is configured as a fall-back CORESET. No TCI field is present within DCI messages carried within a UE-specific PDCCH on a CORESET. 
· If set false, the CORESET is configured as a non-fall-back CORESET. A TCI field may be present within DCI messages carried within a UE-specific PDCCH on a CORESET. 
Proposal 10: If the UE detects a DL assignment in a fall-back CORESET, the UE applies the QCL reference for the PDSCH identically as that used for receiving its scheduling PDCCH (irrespective of same slot or cross-slot scheduling).
Whether or not a beam indication field is contained in the same DCI as a DL assignment
One last issue in the beam indication topic is whether the indicator state field conveying QCL parameters for PDSCH reception is contained in the same DCI as the slot in which the DL assignment DCI + PDSCH occurs. The key reason for separating the DCI containing the beam indication from the DL assignment DCI +PDSCH is to provide the UE adequate time to apply the spatial QCL parameters (relative to the time of indication of the QCL parameters) for buffering up potential PDSCH samples. In our view, using cross-slot scheduling, as long as the PDSCH is carried with sufficient offset (e.g. 1 slot) from the time of DCI reception, having one DCI containing both the beam indication and DL assignment provides the same functionality.
Proposal 11: The indication of the beam indication is contained in the same DCI as the DL assignment irrespective of whether the DL assignment corresponds to same slot scheduling or cross-slot scheduling.
Timing relationship between indication of spatial QCL and reception of PDSCH
One consideration is the necessity of DL beam indication. The reason why we need spatial QCL indication is because a UE implementing multiple analog beams needs to select one beamforming direction from multiple beams. If a UE only implement one fixed receive beam to receive downlink channels, the spatial QCL indication is not necessary for that UE. The UE should report to the NW whether it needs beam indication or not so that the NW can configure TCI states accordingly. Furthermore, such reported information can be used to assist gNB to configure CSI-RS for beam management. For example, if a UE only implements a fixed Rx beam, then the gNB does not need to configure CSI-RS for P3 procedure, i.e., UE Rx beam sweeping operation.  
Another consideration is the timing between spatial QCL indication and reception of the PDSCH. For analog beamforming, the receiver needs to know the proper Rx beam information and then switch to the proper receive beamforming direction no later than the starting time of expected downlink channel so that the receiver can buffer the downlink symbols properly. Particularly, to receive a UE-specific PDSCH, a UE needs to obtain the spatial QCL configuration from the DCI and switch to the proper receive beamforming no later than the starting time of the PDSCH. There exists a concern on the timing between scheduling DCI carrying the TCI and the scheduled PDSCH due to the above reason. The UE needs to complete the DCI decoding and obtain the TCI information before the starting time of the corresponding PDSCH allocation. Some solution is needed to resolve this concern. Please see our companion contribution [4] for more detailed discussion. Here we make the following proposal:
Proposal 12: (1) The spatial QCL indication for cross-slot scheduling PDSCH is signalled by the TCI field in the same assignment DCI; (2) the spatial QCL indication for same-slot scheduling PDSCH is configured by other method: e.g., using the QCL configuration of the CORESET where assignment DCI is detected, configuring through higher-layer signalling. (3) NR supports UE to report whether DL beam indication is needed or not.
DL Beam Measurement and Reporting
SS Block Beam Measurement and Reporting
It is agreed to use SS blocks for L1-RSRP measurement and reporting for beam management. To configure the SS blocks for beam measurement and reporting, there are two alternative methods:
· Alt#1: Configure SS blocks within a resource setting in the CSI configuration framework.
· Alt#2: Configure RS type (e.g., SS block, CSI-RS) in a reporting setting for beam management. 
In our view, Alt#1 should be supported. In the CSI configuration framework, we can configure SS blocks in one RS setting. The gNB should be able to configure the UE to measure the whole set of SSBs or a subset of the SSBs. Measuring and reporting over the whole set of SSBs can provide the cell-wide beam reporting. When the gNB wants the beam information for a particular direction range, the gNB can configure the UE to measure and report based on a particular subset of SSBs. The gNB can even configure the UE to report the L1-RSRP of one particular SSB.
It is agreed that UE-specific RRC signalling with full bitmap can be used for indicating the actually transmitted SS blocks. The actually transmitted SS blocks is indicated in RMSI though a compressed bit form, which is group-bitmap (8bits) + bitmap in group (8bits). The actually transmitted SS blocks indicated by the full bitmap in RRC signalling or RMSI can be considered as the whole set of SS blocks for beam management. We can configure the UE to measure that whole set of SS blocks or a subset of those SS block for beam management. 
Proposal 13: Support configuration of SS blocks in resource setting for beam management and support configuration of all SS blocks or a subset of SS blocks for beam management.
· The actually transmitted SSBs indicated by the full bitmap in RRC and/or compress bitmap in RMSI should be used as the all the SSBs available for beam management. The UE can be configured to measure all or a subset of them 
Beam Reporting Contents
It is agreed that one UE can be requested to measure K Tx beams (carried by CSI-RS resources or SS blocks) and then report N selected Tx beams from those K configured Tx beams. The UE should report the RS IDs of the selected Tx beams and their corresponding L1-RSRP measurement.
In our view, the maximal value of K should be at least 64. The RS used for beam measurement can be SS block. In above6GHz systems, the number of SS blocks can be up to 64. A full bitmap in UE-specific RRC and/or a compressed 16-bit in RMSI can be used to indicate the actually transmitted SS blocks. The number of SS block a UE would need measure can be 64 or smaller. Another RS type for beam measurement is CSI-RS. The NW can formulate the beams for CSI-RS based on the beam measurement and reporting on SSBs. Generally, the beams carried on CSI-RS resources only need to cover a particular beam direction range. So K = 64 should be sufficient for CSI-RS resources for beam measurement. Those up to 64 CSI-RS resources should be transmitted in multiple different slots because we need to limit the number CSI-RS resources within a lot for the UE to measure. The number of CSI-RS resources that a UE should measure for beam management should be no more than 16. The maximal number of selected and reported Tx beams in one reporting instance should be at least 4. We can further study N = 8. One use case for N = 8 is the gNB with 8 Tx panels and the UE can be requested to report one Tx beam for each of those panels in one beam reporting instance.
About the L1-RSRP value, 7bit and 1dBm step-size in LTE can be used in NR as a starting point. We can further study whether other step-size and bitwidth is needed for L1-RSRP value. The UE can report L1-RSRP for each of N = 4 reported Tx beams. The total payload size for reporting N =4 L1-RSRP would be 28 bits. To reduce the overhead, the UE can report one absolute L1-RSRP and N-1 differential RSRP. The UE can report the largest L1-RSRP among those N = 4 reported Tx beams and then report the differential RSRP of the other 3 reported beams using the largest L1-RSRP as the reference. 4 bits can be used for one differential RSRP. The payload now is reduced to 19bits. The payload size comparison is summarized in the following table
	L1-RSRP reporting method
	N = 4 L1-RSRP values
	One L1-RSRP + N = 3 differential RSRP

	Payload size
	7×4 = 28bits
	7 + 3×4 = 19bits


  
One advantage of the above reporting method is there is no error accumulation effect because the reference RSRP and differential RSRPs are transmitted in the same reporting instance. Therefore we make the following proposal:
Proposal 14: NR supports the following beam reporting parameters for non-group based beam reporting:
· K = 64, N = 4;
· Report the largest L1-RSRP with 7bits and 1dB step-size
· Report N-1 differential L1-RSRP using the reported largest RSRP as reference. Each differential L1-RSRP uses 4 bits and 1dB step-size.
· The RS ID with largest L1-RSRP is listed as the first one among the reported N RS IDs in one reporting instance 
We can consider to further reduce the reporting overhead. One example method is the UE reports the largest and least L1-RSRP among those N reported Tx beam IDs. In a reporting instance with N = 4 Tx beam IDs, the payload for reporting RSRP information can be reduced from 28 bits to 11 bits. 
We can also consider the differential RSRP along time. MAC-CE can be used to configure a reference RSRP and the UE reports the differential RSRP with respect to the reference RSRP configured by MAC-CE. Multi-resolution RSRP can be used to further reduce the beam reporting overhead. Various resolution for differential RSRP can also be considered. Low resolution differential RSRP can reduce the signaling overhead of beam reporting. The resolution of differential RSRP can be determined by the beam management RS or beam being measured. For example, we can configure different RSRP resolution to the beam reporting for the active or serving beam and to the beam reporting for the inactive or non-serving beam. Whether or not the beam is considered active or not active can be determined by whether the beam is part of the beam the UE should use to monitor NR PDCCH or to receive PDSCH. More detailed discussion and operation on that is given in companion contribution [5].
Proposal 15: NR supports MAC-CE based reference RSRP configuration, and multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report.
Configuration for group-based reporting
It has been agreed that, in group-based beam reporting, the UE should report N = 2 different Tx beams that can be received simultaneously at the UE side. In our view, the use case for such beam reporting is the scenarios of TRP with multiple transmit panels. In one example of TRP with two transmit panels. The TRP might need select different beamforming directions on those two panels for one UE. The agreed beam reporting method can support that. The TRP can configured the UE to measure multiple Tx beams of each transmit panel and then select one Tx beam for each of those two transmit panels. Because the TRP is going to use two beams of two transmit panels simultaneously to transmit downlink signal to that UE, the UE is requested to select two beams that can be received simultaneously. To achieve that, the TRP should be able to configure two sets of CSI-RS resources and each set of CSI-RS resources corresponds to the Tx beam from one of those two panels and configure the UE to select and report one Tx beam from each of these two set based on the group-based beam reporting criterion. The same mechanism is needed for multi-TRP case. More detailed discussion on Tx beam grouping configuration can be found in companion contribution [6]. 
Proposal 16: NR supports the following configuration for UE group-based beam reporting:
· Two sets of CSI-RS resources are configured for one UE to select and report one beam from each of set based on the agreed UE-group based beam reporting, i.e., the selected two beams should be received simultaneously.
Periodic Beam Reporting
It is proposed to support a periodic beam quality report for the beam management. The UE can monitor the serving beam and report the quality information of serving beam to the gNB periodically. Based on the periodical beam quality report, the gNB can obtain a continuous monitoring on the serving beam and can predict the variation of serving beam. When the current serving beam is getting worse, the gNB can configure the UE to switch to a new beam before the serving beam is totally lost. The UE can monitor the quality of current serving beam based on measuring downlink RS for beam management. The periodic CSI reporting of beam quality information can be low-resolution beam quality to minimize overhead, e.g., low resolution beam RSRP. Such periodic CSI report on beam quality information would be useful to support UE mobility in multi-beam based system. When the UE moves in a multi-beam based system, the coverage beam can change gradually. Based on the periodic reporting, the gNB can switch the coverage beam for the UE smoothly without connection loss. It is also useful in the scenario of beam failure recovery. Beam failure recovery mechanism can be UE-triggered (per RAN1 agreement). The UE can recognize a beam failure event based on measuring some downlink RS, control channel and/or data channel. One example for beam failure recognition is that the UE detects very low L1-RSRP of the current serving beam based on the measurement of downlink RS used for beam management. If beam failure is recognized, the UE can notify the NW of this event through some uplink transmission. Then the gNB can act accordingly. The gNB can request the UE to switch to another beam. The gNB can configure some aperiodic beam reporting to the UE to obtain new beam reporting. One limitation of this approach is the beam recovery procedure is activated only when the beam fails. If the coverage beam fails, no downlink connection might be available for the gNB to signal the UE to switch new beams or report some new beam state. Thus radio link failure can occur to trigger the RRC connection re-establishment. So it is desired that the gNB and the UE can switch to a new beam before the current beam totally fails to avoid radio link failure. Some proactive recovery mechanism is therefore necessary. With the periodic beam quality reporting, the TRP can take some proactive action to switch the UE to a new beam before the serving beam fails totally.
Proposal 17: NR supports UE sending a periodic beam reporting.

UL Beam Management
NR-SRS for UL Beam Management
The UL beam management procedure is utilized to find the proper TRP Rx beam(s) and/or UE Tx beam(s) for UL transmission. When the TRP or the UE has no beam correspondence or only has partial beam correspondence, UL beam management procedure is needed. When both the TRP and UE have full beam correspondence, the UL beam management procedure can be still necessary in some scenarios. The DL and UL transmission can use different transmission schemes. For example, the DL transmission scheme can be MU-MIMO with precoding to suppress the intra-cell interference and multi-TRP transmission (e.g., non-coherent JT, DPS/DPB), while the UL transmission scheme can be SU-MIMO and UL MU-MIMO using receiver-based interference suppression. The DL and UL transmissions also experience different interference profiles. Considering all those facts, the proper beams for DL and UL transmission can be different in the case of full beam correspondence. Thus the UL beam management procedure would be necessary to find the proper beams for UL transmission. NR-SRS is a good candidate for reference signal used in NW-controlled UL beam management. It has been agreed that the UE can be configured with K ≥ 1 NR-SRS resources and the transmission of multiple NR-SRS resources can be a beam sweeping manner. That can be used to support the beam sweeping for UL beam management. 
To support UL beam management, the beam sweeping operation across the multiple NR-SRS resources should be configurable. For U-1 and U-3 procedure, the Tx beamformers should be swept across multiple NR-SRS resources so that the TRP can measure the quality of different UE Tx beamformers and then select the proper/best Tx beams for uplink transmission. For U-2 procedure, the Tx beamformers should be kept same across multiple NR-SRS resources so that TRP can refine its Rx beamformers with respect to one particular UE Tx beam. The TRP can try different Rx beamformers across NR-SRS resources where same UE Tx beamformer is applied. To support UL beam management, the TRP should be able to configure the Tx beamformer for one UE to apply to the NR-SRS transmission. For U-2 procedure, the TRP should indicate one Tx beam for one UE to apply to NR-SRS transmission with respect to which the TRP can sweep its Rx beam. For U-3 procedure, the TRP should indicate the Tx beam direction to one UE to apply to multiple NR-SRS resources to refine the Tx beam direction.
Proposal 18: The NW can control and configure the beam sweeping operation across NR-SRS resources.
For a group of NR-SRS resources for UL beam management, the gNB can configure the UE to apply different Tx beamformers on those NR-SRS resource or apply one same Tx beamformer on those NR-SRS resources to support different UL beam management procedure. One method to configure the beam sweeping operation is to use one mechanism similar to the agreed method for CSI-RS for beam management. The gNB can configure a set of NR-SRS resources for UL beam management and the configuration of the set of NR-SRS resources can contain an information element or 1-bit flag to indicate whether fixed Tx beam should be applied to the NR-SRS resources contained in that set. If the 1-bit flag is “On”, the UE is requested to apply a same Tx beam on those NR-SRS resources. If the 1-bit flag is “Off”, the UE is requested to apply different Tx beams on those NR-SRS resouces. That information element can be signalled by high layer signalling when the gNB configures the NR-SRS resources through RRC. That information element can also be signalled dynamically through MAC-CE or DCI when the set of NR-SRS resources is activated or triggered for transmission.
Proposal 19: For a set of NR-SRS resources for UL beam management, the NW can configure an information element with values “on/off”:
· If it is “On”, the UE is requested to apply a same Tx beam on those NR-SRS resource.
· If it is “Off”, the UE is requested to apply different Tx beams on those NR-SRS resources.
It is agreed that one SRS resource can have up to four symbols. The gNB can implement TRP Rx beam sweeping across those symbols with one SRS resource. But such implementation can only support TRP Rx beam sweeping with up to 4 Rx beams, which is generally not sufficient for TRP Rx beam sweeping due to the large number of Rx beams at the TRP side. To resolve this issue, the gNB can configure a time repetition feature for a NR-SRS resource. For example, in the configuration of an aperiodic NR-SRS resource, a time repetition number can be configured.  When this NR-SRS resource is trigged, the UE would transmit this NR-SRS resource multiple times as configured and then the gNB can sweep the Rx beams across the symbols and the repetitions of this NR-SRS resources. The gNB can configure the number of repetition according to the its requirement of Rx beam sweeping.
Proposal 20: For UL beam management, the NW can configure a time repetition for an NR-SRS resource.
For uplink PUSCH and PUCCH transmission, the TRP should indicate some information of Tx beam to the UE. The TRP can indicate one NR-SRS resource index to the UE and the UE can apply the Tx beam that was used to transmitted to indicated NR-SRS transmission to the PUSCH or PUCCH transmission. For PUSCH transmission, the TRP can use the UL assignment DCI to signal one NR-SRS resource index to indicate the Tx beam for the scheduled PUSCH transmission. For the SPS UL transmission, the corresponding assignment DCI can be used to signal one NR-SRS resource index to indicate the Tx beam for the scheduled SPS transmission. The TRP can indicate the Tx beam for PUSCH and PUCCH separately. For PUCCH transmission, it is recommended to use MAC-CE signalling to indicate one NR-SRS resource index.
Proposal 21: TRP indicate one NR-SRS resource index for the Tx beam indication for PUCCH and MAC-CE signalling is used for Tx beam indication for PUCCH
Power Control on NR-SRS for UL beam management
In UL beam management, transmission of N NR-SRS resources with different Tx beams (i.e., beam sweeping operation) can be used by the gNB to measure the quality of multiple different UE Tx beamforming directions and then select the ‘best’ one. To ensure the gNB can measure the quality of different beamforming directions accurately, the UE should apply same Tx power on those N NR-SRS resources to avoid the impact of different Tx power. Another option can be that the difference between Tx powers applied to those N NR-SRS resources can be reported to the gNB so that the gNB can remove the power offset when comparing the quality of different beams. However, this option could introduce complicated signalling and there seems no additional need to apply different Tx powers on NR-SRS resources for Tx beam sweeping. Therefore, it is preferable to apply the same Tx power on NR-SRS resources for Tx beam sweeping.
To support that, the UE should at least use the same parameters and path loss in the Tx power calculation for those NR-SRS resources. One basic method is the UE calculates the Tx power for those N NR-SRS resources by

where the UE uses the same parameters ,  and same path loss  for all N NR-SRS resources. Generally, there are two alternatives to calculate the Tx power for UL beam management. Alt#1 is to apply the same total Tx power on those NR-SRS resources. Alt#2 is to apply the same Tx power density, i.e., Tx power per subcarrier, on those NR-SRS resources. In Alt#2, one possible issue needs consideration and that is the Tx power of NR-SRS resources with large bandwidth can be capped by  and thus the gNB cannot fairly compare the beam quality of those NR-SRS resources due to possible different power density caused by capped Tx power.
Proposal 22: NR supports that one UE applies same Tx power on a set of NR-SRS resources with beam sweeping operation for UL beam management. 
UL Beam Indication
For UL transmission, there are two options to determine UL beams. The first option is to perform UL beam management and apply selected Tx/Rx beam during UL beam management for UL transmission, and the other option is to utilize result of DL beam management. In RAN1 #89 meeting, high-level agreement was made on SRS beam indication. In the agreement, when UE beam correspondence holds, both UL RS and DL RS related indications can be supported for SRS beam indication, which implies utilizing UL beam management and DL beam management, respectively. For the next step, beam indication for PUSCH and PUCCH also should be required as well as SRS beam indication. In the following, required contents of beam indication for UL transmission are discussed.
If UE beam correspondence holds, UE Rx beam from DL beam management can be utilized as UE Tx beam for UL transmission. In other words, DL RS (e.g. CSI-RS, SS block) for DL beam management can be associated with RS for UL transmission (e.g. SRS, DM-RS of PUSCH/PUCCH), so that reference DL RS is spatially QCLed for targeted UL RS. However, UL RS (e.g. SRS) for UL beam management also can be associated with RS for UL transmission. For these cases, UE should know which reference RS is associated with RS for UL transmission. Therefore, TRP should indicate which reference RS type is spatially QCLed with targeted RS for UL transmission where the reference RS type can be P/SP/AP SRS, P/SP/AP CSI-RS, and SS block.
In addition to the indication of spatial QCL assumption, TRP should provide more information for UE to set specific beam for UL transmission. The information should be RS ID (e.g. SRI, CRI, SSB index) and is selected based on the measurements of DL/UL beam management. For example, if CSI-RS is spatially QCLed with DM-RS of PUSCH, then TRP should indicate the corresponding CRI for UE to set Tx beam for PUSCH.
In RAN1 #90 and AH#3 meeting, some agreements have been made on DL beam indication, which introduces Transmission Configuration Indication (TCI). Each TCI state can be configured with one RS set, which indicates a QCL relationship for one DMRS port group. Those concepts for DL beam indication also can be introduced for UL beam indication. Similar to DL beam indication case, RRC signalling can configure the QCL association between TCI state and RS set. Each TCI state is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission. Also, dynamic signalling (e.g. MAC-CE, DCI) can update the linkage between TCI state and RS ID (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission. For more detailed UL beam indication for various UL transmission type, the readier can refer to our companion contribution [7].
Proposal 23: For beam indication of UL transmission, NR supports the configuration of Transmission Configuration Indication (TCI) as follows:
· RRC signalling configures the QCL association between TCI state and RS set. Each TCI state is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission.
· Dynamic signalling (e.g. MAC-CE, DCI) updates the linkage between TCI state and RS ID (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission.
Conclusions
In this contribution, Samsung’s views on beam management, beam measurement and reporting, and UL beam management in NR are presented. The following proposals are made:
[bookmark: _GoBack]Proposal 1: The number of candidate TCI states M is set equal to the maximum number of indicator states (2^N) in the DCI field. The term “TCI” is also used to refer to the N-bit indicator state (in the DL DCI) which is used for indication of the QCL reference for receiving PDSCH.
Proposal 2: The TCI field in the DCI is only used to signal the QCL related parameters for reception of PDSCH. The TCI field does not carry any additional information (e.g. rate-matching related). The meaning of the IS field in the DCI stays the same irrespective of the frequency band of operation.
Proposal 3: A maximum of M = 16 TCI states can be RRC configured. 
· The RRC configuration of a TCI state can be used to associate it to a NZP CSI-RS (P/SP CSI-RS) or SSB. RRC configuration of TCI state to AP CSI-RS is not supported. 
· The number of bits used in the DCI field for purpose of PDSCH beam indication is set to equal log2 (M) = 4 bits.
Proposal 4: A 3-bit bitmap is configured per DL RS index within the RS set for indication of the following QCL parameter set provided by that DL RS index.
· Parameter set 1: {Average gain, Average delay, Delay spread}
· Parameter set 2: {Doppler shift, Doppler Spread}
· Parameter set 3 [only for mmWave]: {Spatial Rx}
Proposal 5: MAC-CE signalling is used to associate for a TCI state, an updated list via activation/de-activation of the corresponding DL RS, providing QCL reference for that state. The UE assumes it is an error case if it receives a DL DCI consisting of a TCI state which is not associated to an activated resource. 
· Upon reception of the MAC CE at time n, the expected UE behavior at time n + d (d: FFS) is to apply the updated QCL reference for that TCI state for PDSCH and for PDCCH if the corresponding CORESET/SS is configured with that TCI state.  
Proposal 6: Consider signalling to deactivate a CORESET for power reduction at the UE and improving multi-user scheduling efficiency. For deriving its rate-matching assumptions for PDSCH demodulation, a UE assumes that its PDSCH can overlap (if applicable) on deactivated CORESET resource (s).
Proposal 7: The determination of QCL reference for a set of AP CSI-RS resources triggered via DCI is per the following procedure:
· If the triggering DCI includes a TCI field, the DL RS index (-es) linked to that TCI field provide QCL reference for reception of triggered AP CSI-RS resource set. 
· If the triggering DCI does not include a TCI field, the DL RS index (-es) linked to the TCI field of the CORESET containing the scheduling DCI provide QCL reference for reception of the triggered AP CSI-RS resource set.
· FFS on implicit update mechanism: Following measurement on the AP CSI-RS, the UE replaces the QCL reference for the TCI field (either indicated in the DCI or corresponding to the CORESET) with the preferred AP CSI-RS resource among the triggered AP CSI-RS resources
Proposal 8: If implicit update mechanism is supported, introduce a higher-layer CORESET parameter which determines whether or not the QCL reference for a CORESET can be updated via the implicit mechanism.
Proposal 9: To support fall-back operation of PDSCH, support configuration of a “fall-back” CORESET. Whether or not a CORESET is configured as fall-back is provided through a CORESET-specific higher layer Boolean parameter.
· If set true, the CORESET is configured as a fall-back CORESET. No TCI field is present within DCI messages carried within a UE-specific PDCCH on such a CORESET. 
· If set false, the CORESET is configured as a non-fall-back CORESET. A TCI field may be present within DCI messages carried within a UE-specific PDCCH on such a CORESET. 
Proposal 10: If the UE detects a DL assignment in a fall-back CORESET, the UE applies the QCL reference for the PDSCH identically as that used for receiving its scheduling PDCCH (irrespective of same slot or cross-slot scheduling).
Proposal 11: The indication of the beam indication is contained in the same DCI as the DL assignment irrespective of whether the DL assignment corresponds to same slot scheduling or cross-slot scheduling.
Proposal 12: (1) The spatial QCL indication for cross-slot scheduling PDSCH is signalled by the TCI field in the same assignment DCI; (2) the spatial QCL indication for same-slot scheduling PDSCH is configured by other method: e.g., using the QCL configuration of the CORESET where assignment DCI is detected, configuring through higher-layer signalling. (3) NR supports UE to report whether DL beam indication is needed or not.
Proposal 13: Support configuration of SS blocks in resource setting for beam management and support configuration of all SS blocks or a subset of SS blocks for beam management.
· The actually transmitted SSBs indicated by the full bitmap in RRC and/or compress bitmap in RMSI should be used as the all the SSBs available for beam management. The UE can be configured to measure all or a subset of them 
Proposal 14: NR supports the following beam reporting parameters for non-group based beam reporting:
· K = 64, N = 4;
· Report the largest L1-RSRP with 7bits and 1dB step-size
· Report N-1 differential L1-RSRP using the reported largest RSRP as reference. Each differential L1-RSRP uses 4 bits and 1dB step-size.
· The RS ID with largest L1-RSRP is listed as the first one among the reported N RS IDs in one reporting instance 
Proposal 15: NR supports MAC-CE based reference RSRP configuration, and multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report.
Proposal 16: NR supports the following configuration for UE group-based beam reporting:
· Two sets of CSI-RS resources are configured for one UE to select and report one beam from each of set based on the agreed UE-group based beam reporting, i.e., the selected two beams should be received simultaneously.
Proposal 17: NR supports UE sending a periodic beam reporting.
Proposal 18: The NW can control and configure the beam sweeping operation across NR-SRS resources.
Proposal 19: For a set of NR-SRS resources for UL beam management, the NW can configure an information element with values “on/off”:
· If it is “On”, the UE is requested to apply a same Tx beam on those NR-SRS resource.
· If it is “Off”, the UE is requested to apply different Tx beams on those NR-SRS resources.
Proposal 20: For UL beam management, the NW can configure a time repetition for an NR-SRS resource.
Proposal 21: TRP indicate one NR-SRS resource index for the Tx beam indication for PUCCH and MAC-CE signalling is used for Tx beam indication for PUCCH
Proposal 22: NR supports that one UE applies same Tx power on a set of NR-SRS resources with beam sweeping operation for UL beam management. 
Proposal 23: For beam indication of UL transmission, NR supports the configuration of Transmission Configuration Indication (TCI) as follows:
· RRC signalling configures the QCL association between TCI state and RS set. Each TCI state is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission.
· Dynamic signalling (e.g. MAC-CE, DCI) updates the linkage between TCI state and RS ID (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission.
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Annex
Key Agreements on DL Beam Indication in NR AH3
Agreement:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS
· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes
· FFS: Value of N, where N is at most [3] bits
Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

Agreement:
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion

Agreement:
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH

Key Agreements on Beam Group Reporting in RAN1 #90
Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied

Agreement
· At least for non-grouping based beam reporting, taking the following parameter values for further consideration
· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]
· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]
· For L1-RSRP levels, candidate value is, e.g., around [100]
· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm
· Considering step-size of L1-RSRP, e.g., Z dB
· Companies are encouraged to evaluate/analyze appropriate values considering
· P1, P2, and P3 procedures
· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported
· The values could be different for PUCCH and PUSCH based reporting, if supported
· CSI-RS and/or SS-block related measurement/reporting

Agreements on UL Beam Management in RAN1 #90
Agreements:
· Support UE to provide information to gNB to assist UL beam management
· The information can be a number representing the amount of SRS resources required for UE Tx beam training
· FFS the supported number(s), taking into account performance and implementation complexity aspects
· Note: these set of SRS resources are associated with a set of Tx beams
· FFS: signaling method
· E.g., capability signaling, or msg3, or dynamic signalling
· FFS: impact of multi-panel 
· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact
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