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1. Introduction
In this contribution, we discuss remaining issues on downlink/uplink beam management (BM) and beam failure recovery (BFR), including relevant text proposals based on current NR specifications.
2. Remaining issue on UL BM
In the last meeting, SRS initial beam sweeping issues for UL BM had been intensively discussed, in terms of how to properly capture the following agreements made in RAN1#90bis as a part (Slide 3) of the WF R1-1719059:

	Agreements (R1-1719059, Slide 3):
· For UL beam management, 

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.


Here, “(1) via a gNB-transparent way” can corresponds to the case where a SRS resource set for BM is configured without spatialRelationInfo for all the SRS resources within the set. This agreed option is essential for UEs when UE beam correspondence does not hold (which is informed to gNB via UE capability signaling, according to the agreements on UE feature list). Even for UEs satisfying UE beam correspondence, this option is beneficial to the gNB side as well, in that gNB can significantly save DL resource overhead regarding DL BM since this UE-side SRS Tx beam sweeping can provide best DL gNB Tx beam determinations after measuring such beam-swept SRS resources at gNB using gNB beam correspondence. Therefore, ensuring UE-side SRS Tx beam sweeping behaviors for these purposes is important to the intended gNB implementation, and we provide the following text proposals:

	<Text proposal on 38.214>

6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with 
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SRS resources (higher later parameter SRS-Resource), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously. When the higher layer parameter SRS-SetUse is set to ‘BeamManagement’ for a configured SRS resource set and when any of the SRS resources within the SRS resource set are not configured with higher layer parameter SRS-SpatialRelationInfo, UE shall apply a spatial domain transmission filter for the (i+1)-th SRS resource different from that for the i-th SRS resource configured within the SRS resource set.


3. Editorial corrections for DL BM

Following editorial corrections on section 5.1.5 in 38.214 are suggested, where the first paragraph below should also mention the condition regarding Threshold-Sched-Offset, so that potential misinterpretation would be avoided, i.e., to cover full disjoint cases clearly (tci-PresentInDCI when enable or disable, the offset less or greater than Threshold-Sched-Offset). Note the current texts have overlapped descriptions with different behaviors when tci-PresentInDCI is not configured for the CORESET and the offset is less than the threshold.
	<Text proposal on 38.214>

5.1.5
Antenna ports quasi co-location
--------------- Unchanged parts omitted -------------
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission, if the offset between the reception of the DL DCI and the corresponding PDSCH is equal or greater than the threshold Threshold-Sched-Offset, where the threshold is based on reported UE capability [12, TS 38.331]. 

If the tci-PresentInDCI is set as 'enabled', when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold Threshold-Sched-Offset. 

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.


4. Remaining issues on beam failure recovery
In R1-1808166, RAN2 gives RAN1 the following two questions.

Question 1: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId?

Question 2: If the answer to Question 1 is “Yes”, is the BFR RACH procedure considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId?

For Q1, RAN1 had discussed this issue quite a long time, and from our understanding, the result of the discussion was that UE should not stop monitoring configured search spaces. As a result, current specification does not define any UE behavior with respect to stopping monitoring configured search spaces while monitoring some other search spaces. From UE complexity point of view, control session has designed a priority rule among search spaces so that the number of blind detections does not exceed a maximum value. The issue of increased number of blind detections at the UE side can be handled by setting the SS-BFR as a high priority SS compared to other SSs. The detailed priority rule should be decided in the control session.

Observation 1: Current specification does not define any UE behavior of stopping monitoring configured search spaces. The UE complexity issue can be handled by existing priority rule among search spaces that may be further updated by control session.

Proposal 1: After UE sending PRACH for contention-free BFR, the UE continues monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId.
For Q2, there are two aspects. One is that the serving beam quality can be recovered spontaneously after a beam failure as time goes on, e.g., when an object which blocked the serving beam moves away,  when the UE is rotated to a good Rx beam position for receiving DL signal, or when the UE escapes from a beam blocking area (e.g. behind a wall). In other words, the quality of existing CORESET(s) can be improved spontaneously. With a similar technical background, T310 timer is stopped once the hypothetical BLER of PDCCH is below Q_in threshold in the RLF recovery procedure, i.e., “In-synch” in both LTE and NR. When it comes to multi-beam based operation at high frequency bands, the spontaneous recovery can happen more frequently as the beam-width of a serving PDCCH becomes narrower. Therefore, BFR procedure should be stopped if current serving beam’s quality is spontaneously recovered in order to prevent a waste of UE’s energy for transmitting PRACHs and searching for gNB’s responses, which is not needed in this case. 

Proposal 2: BFR procedure should be stopped if current serving beam’s quality is spontaneously recovered, analogous to “In-synch” event in RLF.

The second aspect is on how to define the event of spontaneous recovery of current serving beam, i.e. beam-level “In-synch” event. Even if a DCI is successfully decoded on a PDCCH detected in a configured SS while BFD, it is very risky to say that the CORESET is fully recovered because the hypothetical BLER is just a probability so that there always exist a probability to decode DCI successfully from a nature of fading even when the BLER is still high. In RLF procedure, therefore, the “In-synch” event has been defined to reflect a long-term channel condition (i.e. 100msec). For BFR, this principle should be kept even though the length of the time window may be much smaller than that for RLF.

Considering that current RAN2 specification is written as captured below, we provides Proposal 3.
	5.1.4     Random Access Response reception
--------------- omitted -------------
1>  if notification of a reception of a PDCCH transmission is received from lower layers; and
1>  if PDCCH transmission is addressed to the C-RNTI; and

1>  if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2> consider the Random Access procedure successfully completed.
--------------- omitted -------------


Proposal 3: After UE sending PRACH for contention-free BFR, PHY layer sends an indication to MAC layer for completing BFR procedure when one of the following conditions met.
· If a PDCCH is successfully decoded from SS-BFR.

· If a PDCCH is successfully decoded from a SS other than SS-BFR, and if the hypothetical BLER of the CORESET associated to the SS which is measured on a time window is below Q_in threshold.
· The length of the time window is decided by RAN4.
5. Conclusion
In this contribution, we provided text proposals and proposals for TS 38.214 regarding beam management (BM) and beam failure recovery (BFR), based on current NR specifications.
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