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Introduction
[bookmark: _Ref494215420]In RAN1#92b [1], the following agreement regarding UL beam indication was reached.
	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.



In addition, some controversy occurred during the discussion of whether CORESET 0 can be reconfigured with any TCI state, reaching the following intermediate 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
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0



In this contribution, we are going to discuss the two issues. In addition, TCI state reference to the aperiodic CSI-RS remain unclear, which needs further clarification.

Default PUSCH beam
For PUSCH scheduled by fallback DCI, we already have the following procedure of determine the Tx beam:
· Before RRC
· Use the Tx beam of msg-3
· After RRC
· Use the PUCCH beam with the lowest ID in the current BWP on a cell configured with PUCCH.
It is unclear about the default beam of PUSCH on a carrier not configured with any PUCCH. The following alternatives can be considered:
· Alt. 1 If the cell is configured with SRS, UE shall assume the PUSCH beam is the same as the SRS with the lowest ID; otherwise, default PUSCH Tx beam is not specified.
· Alt. 2 If the cell is configured with SRS, UE shall assume the PUSCH beam is the same as the latest transmission of SRS prior to the DCI scheduling PUSCH; otherwise, default PUSCH Tx beam is not specified.
· Alt. 3 Default PUSCH Tx beam is always not specified, which may be interpreted as UE is not expected to be scheduled with fallback DCI scheduling PUSCH on a cell without configuring PUCCH.
In our understanding, a cell should be configured with SRS prior to PUSCH transmission if the cell is not configured with any PUCCH, otherwise the link adaptation cannot be achieved by gNB and the reliability cannot be guaranteed. So reusing SRS beam can be considered. We may also consider for Rel-15, such default beam is not specified at all for simplicity.
Proposal 1: Support one of the following alternatives to determine the default PUSCH beam scheduled by fallback DCI on a cell not configured with PUCCH
· Alt. 1 Reuse SRS
· Alt. 2 Default PUSCH Tx beam is always not specified.

CORESET 0
It is agreed that CORESET 0 can be used to transmit unicast PDSCH, which means that the PDSCH is not beam swept. So a TCI state can be configured for CORESET0 to reduce DCI monitoring occasions for the UE. As discussed in the offline, in order to 
· Maintain the same understanding on the association between monitoring occasions for search space 0 and SSB
· Keep the beam on the symbols intended for the broadcast signals as RMSI/OSI/Paging
Companies proposed to restrict the RS in the TCI state configured to CORESET 0 to be only SSB. 
In our understanding, such a restriction should only be applied to search space 0, where the association between SSB is applicable, and UE needs to determine the monitoring occasion based on the association. However, unicast PDSCH can also be transmitted in a UE-specific search space, which is associated with CORESET 0, and based on our knowledge, it is unclear how to indicate the UE to receive unicast PDSCH in search space 0.
In summary, for a UE-specific search space associated with CORESET 0, any TCI states that can be configured to other CORESETs, including the TCI state with TRS as the source RS, can be configured to CORESET 0, not limiting to those TCI states whose RS is SSB. Also note that CORESET is a resource that is floating in time domain, and that it can be in any slot, not in those slots used to transmit RMSI.
Meanwhile, for the search spaces transmitting beam sweeping signals, such as search spaces of OSI and paging, and the search spaces corresponding to UE recommended beams, such as RAR, the TCI configured to CORESET 0 is not applied, if those search space is associated with CORESET 0.
Proposal 2: Treat CORESET 0 in the same way as other CORESETs in terms of TCI configuration.
Proposal 3: The configured TCI states to CORESET 0 at least applies to the UE-specific search space, associated with CORESET 0.
Proposal 4: For type0/0A/1/2 common search space, the configured TCI state is not applied, if the search space is associated with CORESET 0.

If CORESET 0 is configured with TCI states, and a UE specific search space associated to it is collided with a type0/0A/1/2 common search space associated it, UE’s assumption on monitoring CORESET 0 shall follow the associated SSB for the common search space. In other words, the inherent beam sweeping/the recommended beam overrides the TCI states configured to CORESET 0 associated with UE specific search space.
Proposal 5: When a UE specific search spaces associated with CORESET 0 overlaps with a type 0/0A/1/2 common search space, the QCL assumption on the common search space takes precedence over configured TCI states of CORESET 0, which is used for UE specific search space.

TCI states reference to an aperiodic CSI-RS
For aperiodic CSI-RS, it is used to provide an on-demand CSI, after which a scheduled PDSCH is highly likely to be based on the CSI report from it. So for a PDSCH DMRS, it should be supported to be QCLed with an aperiodic CSI-RS. Therefore, in the configured TCI states, aperiodic CSI-RS as the source RS should be supported.
Observation 1: Aperiodic CSI-RS can be a source RS in a configured TCI state.
On the other hand, the TCI states for a target aperiodic CSI-RS is configured in the aperiodic reporting triggering states, where each triggering state is configured with a bitmap to select one resource set from a resource setting composed of multiple aperiodic CSI-RS resource sets. So it is possible for an aperiodic CSI-RS resource to be present in multiple triggering states with different TCI states. Then which TCI state is valid for that aperiodic CSI-RS needs to be clarified.
TCI #0
1st resource set is selected
Triggering state 0

TCI #1
1st resource set is selected
Triggering state 1


[bookmark: _Ref513219664]Figure 1 One aperiodic CSI-RS configured in multiple triggering states with different TCI
Figure 1 shows the case when the same resource (set) is selected in two triggering states configured with different TCI states, and the aperiodic CSI-RS is also configured in the TCI states used to indicate the QCL assumption for PDSCH reception, which is where the ambiguity generates.
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[bookmark: _Ref513220313]Figure 2 Effective TCI for an aperiodic CSI-RS
One easy way to handle this ambiguity is that the effective TCI state of that CSI-RS resource corresponds the latest trigger occasion, whose PUSCH that carries the CSI report is prior to the DCI scheduling the PDSCH that is QCLed with the aperiodic CSI-RS, shown in Figure 2. In a sense, the DCI bits carrying the TCI indication for PDSCH can be offloaded. For example, one TCI state {AP CSI-RS | Type A} may be sufficient to indicate the PDSCH QCL assumption, while the TCI state for the AP CSI-RS can be configured in multiple triggering states and the effective one is dynamically selected by CSI request.
Another way is restrict that a CSI-RS resource set can only be assigned with the same TCI state in the triggering state configuration, so there is no such existence of multiple TCI states for one CSI-RS resource. It is in our understanding not efficient because gNB has to configure different CSI-RS resources with basically the same of everything except the TCI.
Proposal 6: Support an aperiodic CSI-RS to be configured in multiple triggering states with different TCI states.
Proposal 7: The effective TCI state of an aperiodic CSI-RS is determined by the latest trigger occasion, whose PUSCH has been transmitted.

Conclusion
In this contribution, we present our view on some remaining issues on beam management. Based on the discussion, we have the following observations and proposals:
Observation 1: Aperiodic CSI-RS can be a source RS in a configured TCI state.
Proposal 1: Support one of the following alternatives to determine the default PUSCH beam scheduled by fallback DCI on a cell not configured with PUCCH
· Alt. 1 Reuse SRS
· Alt. 2 Default PUSCH Tx beam is always not specified.
Proposal 2: Treat CORESET 0 in the same way as other CORESETs in terms of TCI configuration.
Proposal 3: The configured TCI states to CORESET 0 at least applies to the UE-specific search space, associated with CORESET 0.
Proposal 4: For type0/0A/1/2 common search space, the configured TCI state is not applied, if the search space is associated with CORESET 0.
Proposal 5: When a UE specific search spaces associated with CORESET 0 overlaps with a type 0/0A/1/2 common search space, the QCL assumption on the common search space takes precedence over configured TCI states of CORESET 0, which is used for UE specific search space.
Proposal 6: Support an aperiodic CSI-RS to be configured in multiple triggering states with different TCI states.
Proposal 7: The effective TCI state of an aperiodic CSI-RS is determined by the latest trigger occasion, whose PUSCH has been transmitted.
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