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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 with a list of enhancement areas including specifying enhanced mechanism on UL and/or DL transmit beam selection to reduce latency and overhead, i.e.,  
	<Captured in latest Rel-16 eMIMO WID>
· 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


During RAN4#92Bis and RAN4#93 meeting, the following agreement is achieved for specifying enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead [3]:
	<Agreement from RAN4#92Bis RRM Session>
· Enhancement on UL/DL Transmit Beam Selection with Reduced Latency and Overhead:
· No RAN4 impact has been identified due to newly introduced
· Mechanism of updating pathloss RS for PUSCH/SRS via MAC-CE.
· Mechanism of simultaneous spatial relation update for multiple PUCCH resources with one MAC-CE.
· Default spatial Relation for PUCCH/SRS in FR2.

<Way Forward [3]> 
· To identify RRM requirement impact for DL/UL beam indication with reduced latency and overhead: 
· Spatial Relation Updates for AP-SRS via MAC-CE: 
· FFS RRM requirement impact from the mechanism of spatial relation updates for AP-SRS via MAC-CE.
· Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs: 
· FFS RRM requirement impact from simultaneous TCI states activation/selection across multiple CCs/BWPs.

<Way Forward [5]> 
· 3.3.1  MAC-CE based spatial relation update for aperiodic SRS: 
· MAC-CE based spatial relation update for aperiodic SRS:
· FFS RAN4 RRM requirement impact is identified from the mechanism of spatial relation updates for AP-SRS via MAC-CE

· 3.3.2  Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs
· Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs:
· No RAN4 impact on Rel-15 active TCI state switching delay requirement has been identified due to newly introduced simultaneous TCI states activation /selection across multiple CCs/BWPs.
· FFS new Rel-16 requirement on simultaneous TCI states activation/selection across multiple CCs/BWPs.


In this discussion paper, we would like to further provide our analysis and view on the remaining issues for (1) MAC-CE based spatial relation update for aperiodic SRS, and (2) Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs.

2 Discussion
2.1 Spatial Relation Updates for AP-SRS via MAC-CE
Based on RAN1 discussion, the agreement on supporting MAC CE based spatial relation update for aperiodic SRS per resource level had been made, including AP-SRS usage of codebook-based UL, non-codebook-based UL, beam management and antenna switching, that is:
Till this RAN4 meeting, RAN1 has concluded the following agreement for DL/UL beam indication with reduced latency and overhead: 
	<RAN1 agreement>
Agreement made in RAN1#96Bis
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement made in RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption made in RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Agreement made in RAN1#98
The following working assumption is confirmed with modification (in red):
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.
· In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set




Based on this, the above newly introduced MAC-CE based spatial relation update for aperiodic SRS should be considered when RAN4 specifies requirement for aperiodic SRS based mechanism. As far as we know, in current specification, the timeline of spatial relationship indication for uplink channel or reference signals have not been defined; and specifically for spatial relationship indication for SRS, even in Rel-15, MAC CE based beam indication is already introduced for semi-persistent SRS, and in Rel-15 scope, RAN4 has not defined delay requirement for SP-SRS. Based on the same logic, we don’t see the necessity to introduce RRM requirement for spatial relation updates for AP-SRS via MAC-CE. 
Another factor which should be considered is testability, and to verify the spatial relationship update for uplink signals is very complex, and at least two probes should be properly located in two directions (in which spherical coverage requirement should be satisfied as premise) and these two directions should guarantee enough discrimination for different TX spatial filters utilized for two SRS transmission. Considering RAN4 has not any conclusion on testability of different UL TX spatial filter, the related requirement should not be defined. 
Observation-1: RAN4 has not any conclusion on testability for different UL TX spatial filters.
Proposal-1: No RAN4 RRM requirement is defined for spatial relation updates for AP-SRS via MAC-CE

2.2 Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs
From RAN4 delay requirement perspective, it is identified that no RAN4 impact on Rel-15 active TCI state switching delay requirement due to newly introduced simultaneous TCI states activation /selection across multiple CCs/BWPs.
On the other hand, RAN4 agree to FFS new Rel-16 requirement on simultaneous TCI states activation/selection across multiple CCs/BWPs. 
	For further discussion
Study beam indication/activation for a group of CCs

Agreement@RAN1#98
For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2
· Support of this mode can be indicated by UE capability
· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2
· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 
· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied

Conclusion@RAN1#98bis
For the agreed feature of single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs,
· In the RRC perspective, the candidate (up to 128) TCI-states are still independently configurable by RRC for each CC/BWP.

Agreement@RAN1#98bis
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement@RAN1#98bis
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.

Agreement@RAN1#98bis
For the purpose of simultaneous TCI state activation across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· Send LS to RAN2 to inform above

Working assumption:@RAN1#98bis
When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS on the power control details (without RAN2 impact)

Working assumption:@RAN1#98bis
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above

Agreement@RAN1#99
The following working assumption is confirmed with revision in red
(Working assumption #1 @RAN1#98bis) When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS on the power control details (without RAN2 impact)
Agreement@RAN1#99
· For the supported feature of simultaneous spatial relation update across multiple CCs/BWPs by MAC CE, Additional restriction for SRS, restricted to only with the same ‘usage’
· NO (i.e., no need to change from the part of the WA that “… the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs”) 
· i.e., no need to introduce further restriction in relation to the same usage, e.g., gNB can handle this
Agreement@RAN1#99
The following working assumption is confirmed 
Working assumption#2 @RAN1#98bis
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· The lists are independent from those for simultaneous TCI state activation
Agreement@RAN1#99
On simultaneous TCI-state-ID set activation for PDSCH via MAC CE (agreed in RAN1#98bis) where the same set of TCI-state IDs is applied for the all BWPs in the configured CCs, inter-band CA is not prohibited from the signaling perspective
· Note: Depending on the TCI state configuration across different CCs (configured via RRC), the set of TCI-state IDs may not refer to the same set of TCI states for different CCs
Agreement@RAN1#99
On simultaneous TCI-state-ID activation for CORESET via MAC CE (agreed in RAN1#98bis) where the same TCI-state ID is applied for the all BWPs in the configured CCs, inter-band CA is not prohibited from the signaling perspective
· Note: Depending on the TCI state configuration across different CCs (configured via RRC), the TCI-state ID may not refer to the same  TCI state for different CCs
Agreement
On simultaneous spatial relation update for SP/AP-SRS resources via MAC CE (agreed in RAN1#98bis) where the same spatial relation is applied for the all BWPs in the configured CCs, inter-band CA is not prohibited from the signaling perspective




Based on the related RAN1 agreement on simultaneous TCI states activation/selection across multiple CCs/BWPs, the mechanism is clear from RAN1 perspective, that is applicable to the following scenarios: 
- Scenario-1: A set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs;
- Scenario-2: A TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs;
- Scenario-3: Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs. 
Furthermore from RAN1 perspective, either intra-band CA or inter-band CA should not be prohibited from signaling perspective. 
Observation-2: Based on the agreed RAN1 mechanism for simultaneous TCI states activation/selection across multiple CCs/BWPs, the following scenarios are considered: 
- Scenario-1: A set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs;
- Scenario-2: A TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs;
- Scenario-3: Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs.

Specifically for these scenarios, the delay requirement has been defined for Scenario-1 and 2 in Rel-15. From procedure perspective, receiving a single MAC CE (to activate the set of TCI-states for PDSCH or to activate a TCI state for a CORESET) and applying to multiple CCs/BWPs has no fundamental implementation difference from Rel-15 single CC/BWP case. For the last Scenario, similar to the analysis for MAC-CE for AP-SRS spatial relationship update, no new RAN4 requirement from procedure perspective is needed. Therefore, we don’t see the necessity of introducing new requirement on simultaneous TCI states activation/selection across multiple CCs/BWPs on all three scenarios. 
Proposal-2: For the procedure of simultaneous TCI states activation/selection across multiple CCs/BWPs in Rel-16 eMIMO work item:
- No new requirement is introduced for the simultaneous TCI states activation/selection. 
- Rel-15 active TCI state switching delay requirements shall still be followed if simultaneous TCI states activation or selection across multiple CCs/BWPs is performed.

3 Conclusion
In this paper, we provided our analysis and view on enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead for Rel-16 MIMO enhancement work item, with following observations and proposals: 
Observation-1: RAN4 has not any conclusion on testability for different UL TX spatial filters.
Proposal-1: No RAN4 RRM requirement is defined for spatial relation updates for AP-SRS via MAC-CE
Observation-2: Based on the agreed RAN1 mechanism for simultaneous TCI states activation/selection across multiple CCs/BWPs, the following scenarios are considered: 
- Scenario-1: A set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs;
- Scenario-2: A TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs;
- Scenario-3: Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs.
Proposal-2: For the procedure of simultaneous TCI states activation/selection across multiple CCs/BWPs in Rel-16 eMIMO work item:
- No new requirement is introduced for the simultaneous TCI states activation/selection. 
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