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Introduction
During RAN1 #94 meeting, a few issues on beam management were discussed. However, due to lack of time there are some remaining issues still have to be properly captured in the specifications. In this contribution, we discuss the remaining details of beam management.
This contribution is a revision of R1-1808330 which was submitted to RAN1 #94 meeting. 
UL beam management
PUCCH
Default Tx beam
Between the ambiguous period between RRC re-configuration and subsequent MAC CE activation on PUCCH-SpatialRelationInfo, there is need for default spatial relation information for PUCCH. On one hand, a UE may prefer the most recent applicable uplink Tx beam to avoid the phenomenon of beam aging; on the other hand, it is better to keep the specification unity, i.e. treating the 1st RRC re-configuration and other RRC re-configurations in a unified way from the standard perspective. Considering both sides, we think the following proposal in [4] is reasonable.
Proposal 1: Between RRC re-configuration and subsequent MAC CE activation, a UE may refer to the SS/PBCH block resource determined during random access or the most recent spatial relation activated by MAC CE whichever is more recent as the default spatial transmission filter for PUCCH.
PUSCH
Spatial relation indication
	In RAN1 #92bis meeting, for the DCI format 0_0 scheduling PUSCH without SRI, the default spatial relation for PUSCH follows that of PUCCH. To refer, one may find the agreement as below.
R1-1805574	 Feature lead summary 2 on beam measurement and reporting		  			Ericsson 
Agreement:
· For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP
· Above applies for a cell configured with PUCCH
· Note: the UE is configured with a list of spatial relations in PUCCH-SpatialRelationInfo. MAC-CE indicates a single selected spatial relation from the list on a per-PUCCH resource basis if the list has more than one element.
For PUSCH scheduled by DCI format 0_1, a UE may be configured with single SRS resource, according to the current specification, there is no SRI filed. Moreover, there might be other case(s) that SRI cannot dynamically indicate spatial relation information for PUSCH. So we believe a similar agreement can be achieved as that for DCI format 0_0. 
Proposal 2: For PUSCH scheduled by DCI format 0_1, if the UE is configured with single SRS resource, then it shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP.
Default Tx beam
Since the beam indication mechanism of PUSCH in NR builds on the spatial relation of SRS, there is no ambiguous issue between RRC re-configuration and subsequent MAC CE activation/deactivation. But prior to RRC re-configuration, the default spatial relation information of PUSCH is necessary to a UE. During the RAN1 #92bis meeting, we believe the majority seemed to merge to the following proposal. 
Proposal 3: Prior to UE dedicated configuration, a UE reuses the spatial relation of Msg.3 PUSCH for other PUSCH transmissions.
DL beam management
Beam indication
CORESET #0 with TCI state(s)
During RAN1 #92bis meeting, it was agreed that unicast PDSCH can be scheduled by PDCCH located in CORESET #0 in the following agreement. 
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
Afterwards, due to lack of consensus, another offline conclusion was achieved as follows. 
[bookmark: _GoBack]R1-1809855   Offline summary for PDCCH structure and search space NTT DoCoMo
Conclusion:
· No new RRC signaling for TCI-state configuration for the CORESET#0 is introduced.
· No new MAC-CE for TCI-state indication for the CORESET#0 is introduced.
· FFS: Whether the existing RRC configuration and/or existing MAC-CE field can be used to configure/indicate dedicated TCI-state or SSB index for the CORESET#0
· FFS: Whether/how to support BFR for the CORESET#0
In current specification, each component carrier contains up to 4 BWPs, and each BWP contains up to 3 CORESETs. There is totally up to 12 CORESETs ranging from ID 0 to ID 11 within a carrier, and only one CORESET #0 a UE can be configured with for initial access procedure. But considering only one DL BWP being in active state, CORESET #0 at least is a third of CORESRTs for scheduling PDSCH.
Before RRC connection, only basic information of CORESET #0 has configured to a UE via PBCH and PDSCH excluding TCI states. The UE applies the selected SS/PBCH resource with highest L1-RSRP as a default Type-D QCL assumption. After RRC connection, additional information for CORESET #0 including tci-StatesPDCCH can be configured to the UE, which does not conflict with the configured information the UE stored before RRC connection. 
In addition, one may notice the constraint of using SS/PBCH as Type-D QCL source RS for PDCCH in RRC_CONNECTED mode. However, applying TRS or CSI-RS for beam management as a QCL Type-D source RS for CORESET #0 is possible. The network only needs to care about that the RS configured in TCI state is QCLed with the best SS/PBCH the UE selected during initial access.
To support the above agreement, the RRC parameter tci-StatesPDCCH should be UE-specifically and additionally configured for CORESET #0. Afterwards, one out of the configured TCI states should be activated subsequently by MAC CE. From the perspective of QCL indication, CORESET #0 can be treated as the same as other CORESETs. 
Proposal 4: TCI state(s) can be UE-specifically configured and activated subsequently for CORESET #0.
Default TCI state(s) for PDCCH
For PDCCH reception, the period between RRC re-configuration and subsequent MAC CE activation is ambiguous to UE. Thanks to the clarification in [4], we also notice that the TCI states of PDCCH are actually configured in RRC re-configuration after RRC configuration is complete. Therefore, it is not necessary to discuss the TCI state(s) of PDCCH associated with RRC configuration. In Figure 1, one may notice the period T1 in which the ACK of PDSCH carrying the initial RRC re-configuration of TCI states has been sent from a UE, but the ACK of PDSCH carrying the subsequent MAC CE which activates TCI state has not been sent from the UE. During T1, the UE doesn’t know which configured TCI state is activated for PDCCH. Similarly, one may notice the period T2 which can be considered as the ambiguous period between subsequent RRC re-configuration and MAC CE activation on TCI state(s). The difference between T1 and T2 lies in the fact that the Rx beam determined during initial access procedure may work during T1 as a default Rx beam, but may not work during T2 (after subsequent RRC reconfiguration) due to time-variant fading channel.
As many companies pointed out, at least one default TCI state of PDCCH is necessary for UE to go through the ambiguous periods. Three alternatives can be listed as follows.
· Alt.1: The DL RS in the lowest entry of TCI-StatesPDCCH is used for the PDCCH beam until the MAC CE activation message is delivered.
· Alt.2: The most recent DL RS activated by MAC CE in any of existing CORESETs is used for the PDCCH beam until the MAC CE activation message is delivered.
· Alt.3: The SSB determined during initial access procedure is used for the PDCCH beam until the MAC CE activation messages is delivered


Figure 1 [bookmark: _Ref509222084] Ambiguous period between RRC configuration and MAC CE activation
For the ambiguous period (T1) starting from first RRC re-configuration, it makes sense for a UE to reuse the Rx beam of SSB to receive PDCCH; if the lowest entry of TCI-StatesPDCCH is configured as SSB determined during initial access, then Alt.1 is equivalent to Alt.3. In addition, Alt.2 does not exist since there is no most recent DL RS activated by MAC CE right after initial RRC configuration. For the ambiguous period (T2) starting from subsequent RRC re-configuration, it is natural to use the most recent DL RS activated by MAC CE, since the Rx beam determined during initial access may be out-of-date. Finally to capture the default TCI state for PDCCH in the specification, we have a unified proposal similar as [4].
Proposal 5: Between RRC re-configuration and subsequent MAC CE activation, a UE refers to the SS/PBCH resource determined during random access or the most recent DL RS activated by MAC CE in existing CORESETs whichever is more recent for the default TCI state of PDCCH.
Default TCI state(s) for PDSCH
When the scheduling delay is smaller than the pre-defined threshold Threshold-Sched-Offset, a UE ignores the indicated TCI state and refers to RS with the lowest CORESET ID in the latest slot when one or more CORESET(s) are configured to this UE. In RAN1 #92bis meeting, the lowest CORESET ID is further clarified to be located in an active BWP. In addition, regarding the latest slot, if there is no slot information configured in the parameter ControlResourceSet, a UE may check another related parameter, i.e. SearchSpace in which it may find the slot periodicity and offset setting. Considering the parameter controlResourceSetId in SearchSpace, then the UE may infer the lowest CORESET ID within an active BWP in the latest slot configured for monitoring. Therefore, we think the current specification is fine on default TCI state(s) for PDSCH when the scheduling delay is smaller than Threshold-Sched-Offset.
Observation 1:  In current spec, a UE may infer the lowest CORESET ID within active BWP in the latest slot from configured SearchSpaces which link the slot periodicity and offset to CORESET ID.
Since NR supports the feature of carrier aggregation, there might be the chance of cross-carrier scheduling. Specifically, for one UE the CORESET(s) is configured in Carrier 1 and its scheduled PDSCH is located in Carrier 2. Take an extreme case in which Carrier 1 is in FR1 and Carrier 2 is in FR2. Then when the scheduling delay is smaller than the Threshold-Sched-Offset, a UE should apply its default Rx beam for PDSCH in Carrier 2 by referring to the lowest CORESET ID of the latest slot in Carrier 1. But due to significant frequency selectivity in some scenarios, a UE needs to apply totally different Rx spatial filters crossing two carriers. Thereby, we believe this is an issue RAN1 should take care of.
Observation 2:  For cross-carrier scheduling, when the scheduling delay is smaller than Threshold-Sched-Offset, the lowest CORESET ID of the latest slot in another carrier may not be a proper default TCI state for a UE to receive PDSCH.
Default TCI state(s) for Ap-CSI-RS
R1-1809864	 Feature lead summary for beam management – Thursday	 Ericsson
Agreement
NW may schedule an ap-CSI-RS with a shorter delay than a threshold, and the UE applies a default QCL assumption 
· At least applies for CSI-RS for CSI acquisition 
· All CSI-RS symbols in one resource set should be below the threshold or all CSI-RS symbols in one resource set should be above the threshold
· FFS: Default QCL assumption
· FFS: Exact threshold with reference to UE capability
For aperiodic CSI-RS triggering, we achieved the agreement above in RAN1 #94 meeting. For CSI-RS with CSI acquisition purpose, the network may trigger aperiodic CSI-RS within a pre-defined threshold. To make the FFS part easy, we think the threshold between PDCCH and its scheduled PDSCH Threshold-Sched-Offset can be reused as the threshold between PDCCH and its triggered aperiodic CSI-RS. As a consequence, if the aperiodic CSI-RS comes earlier than the threshold, it is straight-ward that the default QCL assumption for aperiodic CSI-RS reception is the DMRS of PDSCH which is scheduled in the same slot with aperiodic CSI-RS.


Figure 2  The time offset between DCI and its triggered Ap-CSI-RS transmission
Proposal 6: Reuse Threshold-Sched-Offset as the threshold between PDCCH and its triggered Ap-CSI-RS and the default QCL assumption is the DMRS of PDSCH in the same slot when the triggered aperiodic CSI-RS is transmitted.
Beam failure recovery
TCI states updating after BFR
After the beam failure recovery procedure, the TCI states previously configured for PDCCH/PDSCH might not be valid. With previously activated TCI state, a UE may not monitor PDCCH/PDSCH properly. One simple way to handle this issue is to deactivate all previously configured TCI states and then activate new TCI states. Hence, our propose can be listed as
Proposal 7: After the beam failure recovery procedure, a UE assumes all the TCI states for PDCCH/PDSCH as deactivated and then expects some new TCI states can be configured and then activated.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: For PUSCH scheduled by DCI format 0_1, if the UE is configured with single SRS resource, then it shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP.
Proposal 2: Between RRC re-configuration and subsequent MAC CE activation, a UE may refer to the SS/PBCH block resource determined during random access or the most recent spatial relation activated by MAC CE whichever is more recent as the default spatial transmission filter for PUCCH.
Proposal 3: Prior to UE dedicated configuration, a UE reuses the spatial relation of Msg.3 PUSCH for other PUSCH transmissions.
Proposal 4: TCI state(s) can be UE-specifically configured and activated subsequently for CORESET #0.
Proposal 5: Between RRC re-configuration and subsequent MAC CE activation, a UE refers to the SS/PBCH resource determined during random access or the most recent DL RS activated by MAC CE in existing CORESETs whichever is more recent for the default TCI state of PDCCH.
Proposal 6: Reuse Threshold-Sched-Offset as the threshold between PDCCH and its triggered Ap-CSI-RS and the default QCL assumption is the DMRS of PDSCH in the same slot when the triggered aperiodic CSI-RS is transmitted.
Proposal 7: After the beam failure recovery procedure, a UE assumes all the TCI states for PDCCH/PDSCH as deactivated and then expects some new TCI states can be configured and then activated.
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