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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to the WID [1], the enhancement of beam management would be discussed in perspective of UE-initiated procedure. In the contribution, we address our initial view for the below issues.
	· [bookmark: _Hlk145555364]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
· UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
· UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting



2. Discussion
2.1. UL signalling content(s) facilitating fast beam switching
In the systems operating in high frequency, in order to support short coherence time, fast beam indication and overhead reduction has been an important issue for multi-beam operation. This motivates an introduction of the TCI state in the legacy specification. The gNB controls any beam or TCI state, and UE performs beam-related procedures such as P1/P2/P3/U1/U2/U3 and follows TCI indication/update in the CSI reporting framework. We note that the related handshaking is possible when a UE is in RRC connected. 
As stated in the WID motivation section, the delay can be significantly reduced if a UE starts the handshaking, i.e., the UE detects an event or a condition is satisfied. To clarify conceptual meaning of initiate and compare with a legacy reporting, we have Figure 1 below. The latency definition in this Figure 1 measures from the condition occurs up to the UE reporting required for further procedure.
In our understanding, some legacy reporting can be classified into Figure 1 (a). UE reports periodically or once by triggering from a serving gNB, and the serving gNB determines whether a condition is met. In other words, a UE does not determine any event and follows gNB’s instructions. This can be CSI reporting or UL-SCH transmission carrying specific MAC CEs.
Some other legacy reporting can be classified into Figure 1 (b). BSR and PHR can be those examples. Higher layer triggered reporting can be periodic or padding, and timer based triggering is supported. Truncated or regular report can also be configured. Other example includes a BFR/RLF. For the case of BFR, L1 procedure is quite involved and has lower latency than L3 based handshaking. In the case of conditional handover, the condition or event is configured and necessary parameters are indicated before any relevant trigger is made.


[bookmark: _Ref159118536]Figure 1: Example of latency based on (a) gNB-triggered reporting and (b) UE-initiated reporting
Considering the WID Scope again, the UE initiated reporting is mostly cross layer issue between PHY and MAC. The beam related events may be one or multiple, and its necessary parameters can be discussed jointly/later. In our understanding, the beam related event may be multiple and at least beam indication report and beam measurement report can be supported. If multiple events are considered and specified, then we propose that a unified framework is introduced to reduce implementation complexity. We also think that even only one event is agreed, a few different reporting quantities can be introduced.
However, as BFR/RLM specifies in the MAC specification, the required number of events can be discussed in RAN2, and once events are agreed then some of events can be discussed in RAN1 to define a corresponding specific/precise condition. 
[bookmark: _Ref159131083]Observation 1: Events can be studied in RAN1 as well and specified in RAN2, and detailed conditions can be specified in RAN1.
[bookmark: _Ref159131093]Proposal 1: Multiple conditions or event can be configured as UE initiated reporting, and a single reporting framework should be used.
We consider a BFR as a such event. The UE detects a BFI counter expires and finds a new beam. The new beam is implied by the chosen RO or LRR, but it can be explicitly indicated if the UE still has a reliable UL/DL pair. It is possible that an enhanced reporting can include a beam indication.
We also consider a L1-RSRP reporting. The UE can compare L1-RSRP of multiple DL-RS resources, or tracking L1-RSRP of a DL-RS resource. The event can be an abrupt change of L1-RSRP of some DL-RSs. Then UE can suggest a substitute DL-RS resource, and the report can include the old DL-RS resource and the new DL-RS resources. 
The new DL-RS resource can be a suggestion or a declaration that the UE will use until the serving gNB updates/indicate another DL-RS resource. However, UE’s decision can be local and be sub-optimal in the system perspective. It can reduce a latency in one UE perspective and if there are many such UEs then the system may depend on few SSB/CSI-RS and can become more vulnerable. It might lead to more crowded or more frequent BFRQ reception at the serving gNB. Thus we propose that UE initiated reporting should include the measurement report in order to correct local optimal decision. In this scheme, UE can report measurement results if an event occurs.
We do not exclude other events or use cases, and at least beam indication and beam measurement can be discussed in detail. For instance, beam activation reporting can also be considered.
[bookmark: _Ref159131094]Proposal 2: Support at least UE-initiated beam indication reporting and beam measurement reporting.
2.2. UL signalling medium/container for beam reporting
The legacy specification supports beam reporting by CSI report configurations. Beam strength can be measured by L1-RSRP or L1-SINR. The measurement is based on CMR and IMR. The reporting can be contained by PUCCH or PUSCH depending on UL multiplexing, and semi-persistent reporting or triggered reporting is contained by PUSCH. 
In other perspective, the legacy BFR can be initiated by PRACH or LRR per serving TRP. The UE detects the beam failure and search for a new beam in the candidate RS list. The metric is BLER of an assumed PDCCH. The UE finds an UL resource, i.e., RO or PUCCH, that is associated with the chosen new beam. If PRACH is used, then remaining BFRR procedure is performed, and further reporting may not be necessary. If PUCCH is used, then the UE can recommend its new beam by MAC CE.
If UE initiated reporting is introduced, then a main motivation is to reduce latency. We can consider the dynamic granted UL transmission requires a delay. UE initiated reporting means that an event occurred and the serving gNB does not notice the event. The UE have to transmit an SR and the serving gNB indicates and trigger the appropriate action. 
With the legacy SR, the gNB does not distinguish whether an event occurred or some buffers are non-empty. A specific SR resource can be configured per LCG and does not have further information a specific logical channel is concerned. Similarly, with the legacy LRR, the gNB may not recognise a failed link precisely without succeeding UE reports. 
The figure 1 illustrates the potential latency between different alternatives. We discuss pros and cons for each alternative and derive observations. A latency is measured after a condition to detect the event is met till the UL channel is received.


Figure 2: Example of latency for different beam reporting
If UE initiated reporting is included in the MAC CE, as in Figure 1 (Alt a), then we believe that an enhanced SR can be introduced in order to explain enough information about the event and few more details such as TRP and serving cell. Otherwise, SR does not give enough information and instead the trigger configuration for SR needs to be enhanced. Any detected event triggers a SR (having possibly legacy SR resource) and the serving gNB can trigger the detailed buffer status report.
We can also consider a configured grant PUSCH. The serving gNB can configure/activate a set of CG PUSCH to reduce latency. This would definitely reduce the latency with excessive resources. It is noted that for latency reduction the periodicity can be low enough but UL skipping can be made frequently if an event does not occur. Also, CG PUSCH reserves DM-RS resources and it leads to waste UL resources.
[bookmark: _Ref159131086]Observation 2: For Alt a (MAC CE only), to obtain latency gain, an enhanced SR resource configuration can be introduced to imply the event-related information if any, or an enhanced SR trigger configuration can be introduced.
If UE initiated reporting is included in the UCI and the MAC CE, as in Figure 1 (Alt b), then we can consider partitioning into two parts, and each part corresponds to UCI or MAC CE. It is similar to the above reasoning because the UCI has to have a function of SR and also of a part of reporting. The MAC CE may have the other part of reporting. In order for this perspective to be meaningful, the latency should be less than a latency that an SR causes a UL grant on average. Thus, this approach has to reserve an PUSCH relative to the UCI. This reminds us a MsgA, which was introduced to reduce latency and conceptually combines Msg1 and Msg3. It is because former PUCCH implies the existence of latter PUSCH. If the serving gNB should have UL grant in PDCCH, then the Alt b loses advantages over Alt a.
Also, we have to discuss a careful balance between UCI and MAC CE for beam reporting. In this alternative, UCI should include a meaningful portion of the whole beam reporting.
[bookmark: _Ref159131087]Observation 3: For Alt b (MAC CE and UCI), a tight coordination between PUCCH and PUSCH can be introduced.
If UE initiated reporting is included in the UCI, as in Figure 1 (Alt c), then the latency can be definitely reduced but it is critical to reduce the size of UCI payload. In our understanding, the beam indication or L1-RSRP reporting have a constant size, but it can be large if the serving gNB configures sufficient number of RS resources. Thus, we believe that conditional reporting should be introduced, e.g., UE reports only when an event is detected. The details would depend which events are discussed. For example, if beam indication is considered, then UCI can be a TCI state index, and it has a constant size. If beam measurement is considered, then UCI can be SSBRI and L1-RSRP, and it may have multiple SSBs that have met a certain condition.
If this beam reporting can have variable size, then the UCI needs to contain both size information and beam reporting. The total number of UCI bits should be fixed to encode/modulate. This approach also requires a good guess of the worse payload size, and also size information tells the size of beam information, which will result in a new UCI type.
[bookmark: _Ref159131089]Observation 4: For Alt c (UCI only), a conditional reporting can be introduced to reduce a total UCI size.
Comparing three alternatives above, the potential SR/BSR enhancement or MAC CE enhancement may not be RAN1 scope, however the UCI enhancement can be part of RAN1 scope. Before going into the detailed discussion, we suggest that the signalling contents or the event should be clarified. 
[bookmark: _Ref159131097]Proposal 3: UCI based approach is preferred, while MAC CE based approach is up to a RAN2 outcome.
[bookmark: _Ref159131098]Proposal 4: Discuss the reporting metric or event first then discuss the signalling details later.
3. Conclusion
We address our initial view about UE initiated reporting.
Observation 1: Events can be studied in RAN1 as well and specified in RAN2, and detailed conditions can be specified in RAN1.
Proposal 1: Multiple conditions or event can be configured as UE initiated reporting, and a single reporting framework should be used.
Proposal 2: Support at least UE-initiated beam indication reporting and beam measurement reporting.
Observation 2: For Alt a (MAC CE only), to obtain latency gain, an enhanced SR resource configuration can be introduced to imply the event-related information if any, or an enhanced SR trigger configuration can be introduced.
Observation 3: For Alt b (MAC CE and UCI), a tight coordination between PUCCH and PUSCH can be introduced.
Observation 4: For Alt c (UCI only), a conditional reporting can be introduced to reduce a total UCI size.
Proposal 3: UCI based approach is preferred, while MAC CE based approach is up to a RAN2 outcome.
Proposal 4: Discuss the reporting metric or event first then discuss the signalling details later.
4. References
[bookmark: _Ref146631039][1] RP-234007	New WID: NR MIMO Phase 5	Samsung (Moderator)
[bookmark: _GoBack]
Page 6 / 6

image1.emf
Latency 

gNB UE

DL RS

UCI/UL-SCH

Condition is satisfied

gNB UE

DL RS

CSI/RRM report

Condition is satisfied

DCI

UCI/UL-SCH

Latency 

(a) gNB-triggered reporting  (b) UE-initiated reporting


Microsoft_Visio_Drawing.vsdx
Latency
gNB
UE
DL RS
UCI/UL-SCH
Condition is satisfied
gNB
UE
DL RS
CSI/RRM report
Condition is satisfied
DCI
UCI/UL-SCH
Latency
(a) gNB-triggered reporting
(b) UE-initiated reporting



image2.emf
(Alt a) MAC CE based reporting

SR DCI PUSCH

UCI PUSCH

UCI

Event 

detected

(Alt b) Both UCI and MAC CE based reporting

(Alt c) UCI based reporting

time

time

time


Microsoft_Visio_Drawing1.vsdx
(Alt a) MAC CE based reporting
SR
DCI
PUSCH
UCI
PUSCH
UCI
Event detected
(Alt b) Both UCI and MAC CE based reporting
(Alt c) UCI based reporting
time
time
time



