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Introduction
A new work item for enhancing NR MIMO was approved in [1]. The scope of the work item includes the enhancement of the following aspects on multi-beam operation:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution, Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented. 

SCell BFR
1 
2 
Deployment Scenarios
For designing SCell BFR, we first consider various relevant deployment scenarios for carrier aggregation in NR. 
1. PCell in FR1 and SCell in FR2. SCell BFR is needed in this case because it is more likely that only the SCell operates in multi-beam manner. Therefore, the beam pair link quality cannot be inferred from the link quality of PCell. 
2. Both PCell and SCell in FR2. SCell BFR is also needed in this case because PCell and SCell could use different beam failure links for the PDCCH transmission. 
3. Whether SCell is DLk-only or not. We prefer to support beam failure recovery for SCell in both deployment cases.  
In addition, the support for BFR on multiple SCells is preferred since. PDCCH and CORESETs on different SCells are configured independently. This implies that rhe gNB can configure beam failure links for PDCCH in different SCells. The UE can monitor the PDCCH beams of each SCell on FR2 and if beam failure is declared on at least one SCell, the UE can report that to the serving gNB and then the gNB can switch the beam pair links for that SCell.
Proposal: SCell BFR should be supported for (1) DL-only SCell; (2) SCell with both DL and UL; (3) PCell in FR1/SCell in FR2; (4) PCell/SCell in FR2; (5) Multiple SCells.
Designs of SCell BFR
In Rel.15, PCell BFR includes the following functions: beam failure detection, new beam identification, transmitting beam failure recovery request, and the gNB response. Beam failure detection is needed for SCell BFR. The Rel.15 beam failure detection procedure can be reused. The gNB can configure the set q0 of beam failure detection RSs for an SCell to the UE. The UE can declare the beam failure of the SCell when the number of consecutive beam failure instances reaches the threshold.      
Regarding new beam identification procedure in Rel.15, the UE is configured with an RS set q1. When beam failure occurs, the UE chooses one RS from the set q1 and recommends it to the serving gNB. Then the gNB uses that RS as the Tx beam to transmit the gNB response. For SCell BFR, new beam identification is not needed. Note that new beam identification is supported in Rel.15 because no DL beam connection is reliable when the beam failure event occurs. In contrast, that is not the case for SCell. When beam failure occurs in one SCell (but not in PCell), the beam connection is PCell is still good and can be used for transmitting gNB response and follow-up “beam switch” signalling on the SCell. Likewise, in the deployment scenarios where PCell is in FR1 and SCell is in FR2, the connection in PCell is still good when beam failure occurs in one SCell and the PCell can be used to switch/update the beams for that SCell. Therefore, the UE does not need to identify new beam for that SCell. In the deployment scenarios where both PCell and SCell are in FR2, PCell can be used and the UE identifies new beam for PCell as supported in Rel.15.   
Proposal: For SCell BFR, Rel.15 beam failure detection procedure is reused for SCell. On the other hand, new beam identification is not needed.

For the mechanism to transmitting BFR request for SCell, the following four alternatives have been discussed in Rel.15:
· Alt-1: The UE uses contention-free RACH configured on the UL of that SCell to transmit the BFR request and then monitors gNB response on CORESET-BFR configured in that SCell. 
· Alt-2: The UE uses contention-free RACH configured on the UL of that SCell to transmit the BFR request and then monitors the gNB response in the CORESET-BFR of PCell.
· Alt-3: The UE uses contention-free RACH on the UL of PCell to transmit the BFR request for that SCell and monitors the gNB response on PCell.
· Alt-4: The UE uses MAC-CE message to report SCell beam failure.
We can evaluate and compare the four alternatives in various deployment scenarios.
	
	DL-only SCell
	SCell with both DL/UL
	PCell in FR1 and SCell in FR2
	PCell in FR2 and SCell in FR2

	Alt-1
	No support (no SCell UL)
	Support
	Support for SCell with both DL/UL
	Support for SCell with both DL/UL

	Alt-2
	No support (no SCell UL)
	Support
	Support for SCell with both DL/UL
	Support for SCell with both DL/UL

	Alt-3
	Support
	Support
	Support but with excessive RACH resource usage. 
To support BFR of SCell, we would need configure Nnew × NScell RACH resources in PCell for each UE to the association between RACH resources and Tx beams (the number of Tx beams could be large). Typically, the association between RACH resources and large number of Tx beam is not needed since PCell is in FR1.
Nnew is the number of RSs in q1 and NScell is the number of SCells
	Support

	Alt-4
	Support
	Support
	Support
	Support



Based on the above evaluation, we can see that only Alt-4 works for all the deployment scenarios.
Observation: Only Alt.4 (MAC-CE based solution) supports the required scenarios.
Proposal: The UE uses MAC-CE to report the beam failure event of one or more SCells to the gNB.

Support for L1-RSRQ/SINR
In Rel.15, DL TX beam quality (where a TX beam corresponds to one NZP CSI-RS resource with at most 2 ports) is represented with L1-RSRP. While CSI could have been reused for this purpose, it could be argued that the unit for CQI (spectral efficiency) is less suitable for representing energy (dBm). In addition, the use of CSI (which is typically associated with tracking short-term channel characteristics and/or possibly large number of antenna ports) is not aligned with the intention of DL TX beam selection. Therefore, one could argue, for instance, that even if CSI could be used, it would be “too complex” for multi-beam operation. This lends some room for defining a new “low-complexity” CSI parameter that is essentially the SNR of a DL RS. No interference measurement is needed.
Such arguments had perhaps been understandable before the CSI acquisition framework were solidified. However, it should now be apparent that such arguments lack substance at least for the following reasons. First, with sufficiently fine granularity, CQI can be easily correlated with SNR. For instance, it is possible to define another 7-bit CQI table (along with its 4-bit differential CQI) that functions the same as L1-RSRP. Second, with properly defined Reporting Setting (e.g. time/frequency-domain behavior of CSI reporting) and Resource Setting (e.g. # ports for CSI-RS resource = 1 or 2, QCL-Type-D-ed with the resource(s) used for CSI acquisition), a CQI report that exhibits the same behavior as L1-RSRP can be made. Hence, strictly speaking, L1-RSRP is a redundant metric. 
Observation: Given the flexibility of CSI, it can be argued that Rel.15 L1-RSRP is redundant.  

During the discussion of Rel.16 WI scope, several companies argued that L1-RSRP lacks “interference awareness.” This is of course the case since L1-RSRP, as mentioned above, is defined as an SNR metric which does not account for interference. To account for interference (inter-beam-intra-cell + inter-cell), it seems that not only an IMR is needed (although strictly speaking interference measurement can be regarded as a UE implementation issue), but also a new “interference-aware” beam metric. Therefore, introducing L1-RSRQ/SINR (an “L1-nized” version of RSRQ/SINR defined in TS38.215 – analogous to L1-RSRP vs. RSRP), perhaps along with some specification support for interference measurement, is justified. 
This rationale, however, seems to overlook the following aspects. First, to start with, L1-RSRP was chosen to offer the “simplest” possible DL TX beam quality metric (with very little regard of the configuration used for CSI acquisition, including “interference awareness”). Second, there has been no evaluation-based evidence that the lack of “interference awareness” results in catastrophic failure for multi-beam operation and, moreover, that introducing L1-RSRQ/SINR would remedy the issue. Third, even if the case of “interference-aware” beam metric (possibly along with interference measurement mechanism) could be well established, the case for introducing a new beam metric would still be unclear. The NW may be able to configure CSI that achieves such function in a similar (or even superior) manner. As mentioned, with properly configured Reporting Setting and Resource Setting, spatial/time-domain characteristics and “interference awareness” (with properly configured IMR) can be attained.       
Observation: If “interference awareness” is indeed beneficial, the intended function of L1-RSRQ/SINR can be achieved by properly configured CSI. Therefore, the need for supporting L1-RSRQ/SINR is unclear.
Proposal: First, investigate the need for “interference awareness” in DL TX beam selection.
· Baseline beam metrics: Rel.15 L1-RSRP and CSI 
DL/UL beam indication with reduced latency and overhead
One of the main issues on Rel.15 multi-beam design is the excessive RRC configuration. This was intended to accommodate generous flexibility without costing too much burden on L1 DL control signaling. Since a number of the controlling RRC parameters may frequent require reconfiguration, multi-beam operation may require excessive use of RRC (re)configuration (L1  L3  L1) which imposes high latency. As this involves L3, frequent RRC reconfiguration essentially negates the purpose of “beam management” which is to circumvent higher-layer procedure(s) akin to L3 mobility. In addition, RRC reconfiguration consumes PDSCH resources. 
Therefore, one study that can result in significant reduction in latency and overhead is to assess features where the need for RRC (re) configuration for DL/UL beam indication can be alleviated. More specifically, this implies more reliance on L1 control signaling (DCI) or, if needed, L2 control signaling (MAC CE). The increase in PDCCH overhead can be minimized by revisiting the flexibility offered in Rel.15 – whether simplification can be done to reduce the number of options (in beam reporting, indication, and resource configuration used for beam measurement) in Rel.16. 
Proposal: Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead

Another area where latency and resource usage can be reduced lies not so much in the flexibility of each feature, but rather the use cases. For instance, Rel.15 beam measurement and reporting tend to be (over-)designed to accommodate worst-case scenarios. In terms of UE capability, they were designed to enable UEs without beam correspondence. While the discussion whether beam (BPL) correspondence should be mandatory or not is still unresolved, it suffices to claim that for FR2 (where DL/UL reciprocity is quite common due to TDD or TDD-like operation), beam correspondence allows not only more flexibility, but also opportunities to reduce latency and overhead. 
For DL TX beam indication, Figure 1 depicts a timing diagram on the so-called “beam switching” which involves a sequence of UE procedures: receiving beam reporting trigger, (after some timing offset) receiving CSI-RS, measuring CSI-RS and calculating beam reporting, reporting beam metric, receiving DL beam indication (DCI reception).   

[image: ]
[bookmark: _Ref525784097][bookmark: _Ref525784092]Figure 1 DL TX beam switching based on Rel.15 design (CSI-RS based measurement)

If beam correspondence holds, the “beam switching” process can be simplified by utilizing SRS instead of CSI-RS as depicted in Figure 2. Compared to Figure 1, it is apparent that using SRS as the reference for DL beam indication at least avoids the latency caused by the time offset between the UL-related DCI for CSI request and AP-CSI-RS transmission. This can be done by simply introducing SRS resource ID (in addition to CSI-RS and SSB IDs) in the TCI state definition for DL beam indication.  
Proposal: Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition 

[image: ]
[bookmark: _Ref525784442]Figure 2 DL TX beam switching with SRS-based measurement

UL beam indication for multi-panel UE
Rel.15 only supports signaling one UL TX beam to the UE since only a single SRI field is included in DCI 0_1. Likewise, SRS-Resource (with only one target SRS resource ID) is linked to a reference RS via SpatialRelationInfo (which includes only one reference RS ID). However, for UEs with N panels, N different UL TX beams can be “simultaneously” transmitted. 
Therefore, a mechanism to support signaling multiple UL TX beams to the UE should be supported. By facilitating such functionality, the UE can “simultaneously” transmit via multiple panels for increasing diversity and/or multiplexing, including UL transmission with panel selection. 
To enable such functionality, as a starting point for further enhancements, multiple SRI fields (or at least some extension of the SRI field) in DCI 0_1 can be supported. If SRI is not used, a scheme that indicates multiple (or selection of) UL TX beams can also be applicable. 
Proposal: Introduce a mechanism to support multiple UL TX beam indication such as multiple SRI fields (or at least some extension of the existing SRI field)

Evaluation methodology
Despite the existing methodology, no collective evaluation effort for beam management occurred in Rel.15. Such lack of evaluation results correlate with speculative arguments for proposing and opposing a particular scheme. It is likely that the main issue lies in the evaluation method in TR38.802 (v7.1.6). For instance, implementing Phase 1-3 calibration with all the “beam management aspects” is cumbersome for R16 WI. 
In light of this, the following proposal is made:
· System-level evaluation is needed only for particular needs such as the support of L1-RSRQ/SINR and beam indication proposals that result in significant specification impact
· For beam indication with reduced overhead/latency, quantitative comparison of overhead/latency can be used as a starting point. There is no need for system-level evaluation. 
· To avoid excessive complexity (hence lack/absence of results), simplification on SLS is desirable
· Need further discussion, e.g. in some cases single-user throughput can be used instead of full blown SLS

Conclusions
In this contribution, Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented. The following observations and proposals are made:
Observation:
· SCell BFR:
1. Only Alt.4 (MAC-CE based solution) supports the required scenarios.
· L1-RSRQ/SINR:
1. Given the flexibility of CSI, it can be argued that Rel.15 L1-RSRP is redundant.
2. If “interference awareness” is indeed beneficial, the intended function of L1-RSRQ/SINR can be achieved by properly configured CSI. Therefore, the need for supporting L1-RSRQ/SINR is unclear. 
Proposal:
· SCell BFR:
1. SCell BFR should be supported for (1) DL-only SCell; (2) SCell with both DL and UL; (3) PCell in FR1/SCell in FR2; (4) PCell/SCell in FR2; (5) multiple SCells
2. Rel.15 beam failure detection procedure is reused for SCell, On the other hand, new beam identification is not needed.
3. The UE uses MAC-CE to report the beam failure event of one or more SCells to the gNB.
· L1-RSRQ/SINR:
1. First, investigate the need for “interference awareness” in DL TX beam selection.
· Baseline beam metrics: Rel.15 L1-RSRP and CSI 
· DL/UL beam indication with reduced latency/overhead:
1. Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead
2. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
· UL beam indication for multi-panel UE:
1. Introduce a mechanism to support multiple UL TX beam indication such as multiple SRI fields (or at least some extension of the existing SRI field)
· [bookmark: _GoBack]Evaluation methodology:
1. System-level evaluation is needed only for particular needs such as the support of L1-RSRQ/SINR and beam indication proposals that result in significant specification impact
2. For beam indication with reduced overhead/latency, quantitative comparison of overhead/latency can be used as a starting point. There is no need for system-level evaluation. 
3. To avoid excessive complexity (hence lack/absence of results), simplification on SLS is desirable
· Need further discussion, e.g. in some cases single-user throughput can be used instead of full blown SLS
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