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Introduction
In RAN1#102-e, six issues have been identified for multi-path enhancements [1]:
· Issue1: Unified TCI framework and state.
· Issue 2: L1/L2-centeric inter-cell mobility.
· Issue 3: Dynamic TCI state update signaling.
· Issue 4: MP-UE assumption to facilitate fast UL panel selection.
· Issue 5: MPE Mitigation.
· Issue 6: Advanced beam management for beam acquisition. 
Further agreements were made in RAN1#103-e regarding the first 5 issues, listed in the appendix, while no agreements have been made regarding issue 6. 
In this contribution, we present Samsung’s views on the 6 issues.
[bookmark: _Ref54011617]Issue 1: Unified TCI Framework and State
TCI state pool for separate UL/DL
In RAN1#103-e [2], it is agreed to accommodate separate beam indication for UL and DL, in addition to joint beam indication. An open point from the RAN1#103-e agreements is whether to use common (same) or separate TCI state pools from DL TCI state.


Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
….
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
…

Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
…


 There are two cases to consider for DL/UL beam indication:
· Case 1: Joint DL/UL beam indication. Since beam correspondence is default, a common beam indication RS can be used for DL and UL transmissions. In this case, one RS can be used as a source RS for QCL-TypeD or spatial relation information for both DL and UL transmissions. Thus, the TCI state indicates a same source RS for DL and UL transmissions.
· Case 2: Separate DL/UL beam indication. For a special case of MPE where an UL beam is chosen not to correspond to the DL beam, separate beam indication RSs can be used for DL and UL transmissions.

According to case 1 and case 2, there are three types of TCI state indications:
· Joint TCI state for DL and UL beam indication (case 1).
· DL TCI state in case of separate DL and UL beam indication (case 2 DL).
· UL TCI state in case of separate DL and UL beam indication (case 2 UL).

A TCI state used for joint beam indication includes components for beam indication of DL channels, as well as components for beam indication of UL channels. Hence, it seems natural to reuse the same pool of TCI states in case of separate DL/UL beam indication, whereby 
· A DL TCI state is indicated from the common TCI state pool, such that the components related to DL beam indication are used to determine the DL beam.
· An UL TCI state is indicated from the common TCI state pool, such that the components related to UL beam indication are used to determine the UL beam.
This is especially true when symmetry between source RS used for DL QCL reference and UL spatial reference exists. This is feasible with beam correspondence and motivates the use of SRS as a source RS for DL QCL reference. 


Figure 1: A common TCI state pool for joint and separate DL/UL beam indication.

Proposal 1: For the purpose of UL TCI state indication, in case of separate DL/UL beam indication, the TCI state is chosen from a common TCI state pool. The same pool is also used for joint TCI state indication, as well as DL TCI state indication in case of separate DL/UL beam indication.


UL Related parameters in TCI State
In RAN1#103-e, there was a discussion on UL parameters to include in the TCI state. The following two proposals are included in the feature lead summary [3], but were not agreed. These can serve a basis for further discussion in RAN1#104-e.  


Proposal 1.A: A PL-RS can be associated with or configured in a TCI state in a Rel-17 unified TCI framework
· The UE uses the PL-RS at least for the UL channels/RSs configured to be included in Rel-17 unified TCI framework
· [Down-select one of the following options
· Alt1: Explicit manner for determining the PL-RS, e.g., including PL-RS in TCI state, pre-configured linkage (e.g., RRC signaling) between TCI state and PL-RS, or dynamic linkage (e.g. MAC CE signaling, separate fields in DCI/MAC CE) between TCI state and PL-RS
· Alt2: Implicit manner for determining the PL-RS, e.g. if a [periodic] DL RS is provided to indicate the spatial relation in the TCI state, that DL RS is used as PL-RS; 
· FFS: For Alt1, whether PL-RS is mandatory or optional. If optional, combining Alt1 with Alt2 can be further considered
· FFS: Application time of PL-RS associated with a TCI indicated by a DCI]
· [FFS: Association/configuration of PL RS with a TCI state e.g., implicit or explicit]
· [Consider the following ways for configuring PL-RS:
· PL-RS is separately configured: The method for associating PL-RS with a TCI state can be, e.g., including PL RS in TCI state, pre-configured linkage (e.g. RRC signaling) between TCI state and PL-RS, or dynamic linkage (e.g. MAC CE signaling, separate fields in DCI/MAC CE) between TCI state and PL-RS
· PL-RS is not separately configured. if a periodic downlink reference signal is provided to indicate the spatial relation in the TCI State, that downlink reference signal is used as PL-RS 
· FFS: Application time of PL RS associated with a TCI indicated by a DCI]

Proposal 1.B: 
 
[ZTE, OPPO, MediaTek, ...]
Separate UL PC parameter settings (P0/alpha, CL index) can be provided for different UL channels/RSs in a Rel-17 unified TCI framework 
· FFS: How to provide UL PC parameter settings (P0/alpha, CL index) at least for the UL channels/RSs supported in Rel-17 unified TCI framework
· FFS: Whether and how to associate UL PC parameter settings (P0/alpha, CL index) with a TCI state

[Samsung, Nokia/NSB]
· On Rel-17 unified TCI framework, down select at least one from: 
· Alt1: UL PC parameter settings (P0/alpha, CL index) are provided per UL channel/RS
· Alt2: UL PC parameter settings (P0/alpha, CL index) are provided per TCI state
· Alt3: UL PC parameter settings (P0/alpha, CL index) are provided per UL channel/RS per TCI state
· FFS: How to provide UL PC parameter settings (P0/alpha, CL index) at least for the UL channels/RSs supported in Rel-17 unified TCI framework



UL parameters in the TCI state can include:
· Pathloss RS (PL-RS). The PL-RS should be a periodic RS. In some cases, the RS associated with a TCI state is aperiodic or semi-persistent, making it not suitable to be used as a PL-RS. According to the proposal in RAN1#103-e, the PL-RS can be:
· Explicitly indicated as part of the TCI state. 
· Implicitly indicated, for example if the RS associated with the TCI state for indicating a spatial relation is periodic, that RS can also serve as a PL-RS.
We have a slight preference to use implicitly indicated PL-RS, where the PL-RS can be determined as follows:
· If the source RS of QCL-Type D associated with the TCI state is a DL periodic RS, the PL-RS is the source RS of QCL Type D associated with the TCI state.
· If the source RS of QCL-Type D associated with the TCI state is an UL RS (e.g. SRS), the PL-RS is a DL RS (e.g. SSB or periodic CSI-RS) that is a source RS for the QCL Type-D UL source RS associated with the TCI state.
· If the source RS of QCL Type D associated with the TCI state is a DL RS that is aperiodic or semi-persistent, the PL-RS is a DL RS (e.g. SSB or periodic CSI-RS) that is a source RS for the QCL Type-D (aperiodic or semi-persistent) DL source RS associated with the TCI state.
· UL Power Control parameters include P0/alpha and CL index. In general, the power control parameters can depend on the channel being power controlled (e.g. PUSCH or PUCCH), as well as a beam direction (i.e. TCI state). Having each UL power control parameter determined based on an UL channel being power control and a TCI state, in which case the number of configured values for each power control parameter is the product of the number of channels/signals being power controlled and the number of TCI states, leads to a large configuration overhead. Instead, we can consider each power control parameter as two components: a first component that depends on the channel being power control and a second component that depends on the TCI state. The applied power control parameter is a function of these two components. For example, P0 can be determined as the sum of a channel specific P0 and TCI specific P0

		Another example, alpha can be the product of a channel specific alpha and TCI specific alpha.


Proposal 2:
A PL-RS can be associated with or configured in a TCI state in a Rel-17 unified TCI framework
· The UE uses the PL-RS at least for the UL channels/RSs configured to be included in Rel-17 unified TCI framework
· Implicit manner for determining the PL-RS.
· If the source RS of QCL-Type D associated with the TCI state is a DL periodic RS, the PL-RS is the source RS of QCL Type D associated with the TCI state.
· If the source RS of QCL-Type D associated with the TCI state is an UL RS (e.g. SRS), the PL-RS is a DL RS (e.g. SSB or periodic CSI-RS) that is a source RS for the QCL Type-D UL source RS associated with the TCI state.
· If the source RS of QCL Type D associated with the TCI state is a DL RS that is aperiodic or semi-persistent, the PL-RS is a DL RS (e.g. SSB or periodic CSI-RS) that is a source RS for the QCL Type-D (aperiodic or semi-persistent) DL source RS associated with the TCI state.

Proposal 3:
UL power control parameter setting is a function of two components, a first component that depends on the channel/signal being power controlled and a second component that depends on the TCI state.

TCI State for Carrier Aggregation
In RAN1#103-e [2] it was agreed to support a common TCI state across a set of CCs for the intra-band case. However, it remains an open point whether this applies to the inter-band case as well: 

Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· …
· FFS: The above also applies to inter-band CA 


When the separation (in the frequency domain) between a subset of CCs is small, a common beam indication seems reasonable. However, as the separation (in frequency domain) starts to increase, it becomes too restrictive to have a common beam indication. It would seem natural in this case to group CCs in close proximity (in the frequency domain) together, and use a common TCI state for each group of CCs. The CCs in separate groups (separated by a large frequency gap) can be assigned with  different TCI state indicators.

Proposal 4:
For inter-band CA, component carriers (CCs) are partitioned into groups. A common TCI state ID provides common QCL information for CCs within a group of CCs. This applies for joint DL/UL and separate DL/UL beam indications (TCI state updates).

Source RS in TCI State
In Rel-15 and 16, the source RS for QCL Type-D (for DL TX) and spatial relation (for UL TX) can be SSB or CSI-RS for beam management. Furthermore, the SRS can be source RS for spatial relation for UL TX. In Rel-15 and 16, SRS can’t be a source RS for DL spatial filter. In RAN1#102-e, the following open issue was identified [1], and has not been decided in RAN1#103-e:

d) In RAN1#103-e, decide if SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework

Based on beam correspondence (i.e. symmetry between DL and UL), and as a DL RS (e.g. SSB or CSI-RS) can serve as a QCL Type-D source RS for the UL spatial filter of the UL transmissions, it would seem plausible that the SRS can also serve a source RS for the DL spatial filter of the DL receptions. By using the SRS as an additional source RS for determining the spatial filters of DL transmissions/receptions, circumvents the need for SSB/CSI-RS beam measurement reports from the UE. This reduces UE measurement complexity, reporting overhead and latency.
One potential issue that has been raised is that the UE can change its angular orientation over time, while remaining at the same place. The best SRS beam changes, while the DL beam at the base station remains the unchanged. To address this, the DL source RS (e.g. SSB or CSI-RS for BM) configured for the SRS resource can be used as source RS for the DL spatial filter of the DL transmissions/receptions.
 
Proposal 5: Support configuring a UE with SRS for beam management as a QCL Type-D source RS for DL spatial filter in conjunction with a DL source RS.
Issue 2: Inter-cell mobility enhancements
In RAN1#103-e [2], the use cases for L1-L2-centric inter-cell mobility have been agreed, including network architecture support for intra-band CA, intra-RAT and intra-frequency handover. One of the open points is whether to support inter-DU handover. Inter-DU handover requires the transfer of a call context from one DU to another. This would not only have RAN2 impact, but also RAN3 impact (note: RAN3 TU allocation for FeMIMO is non-existent). Considering the limited number of TUs allocated for RAN2, the impact on RAN2 work will need to be limited. In this case, any enhancement on inter-DU L1-L2 centric inter-cell mobility is deemed unfeasible in Rel-17. This can be considered for future releases. The RAN1 design for L1-L2 centric inter-cell mobility should allow extension(s) for inter-DU handover in a future Rel-with no or minimum rework of the RAN1 design.

Proposal 6:
L1-L2 centric inter-cell mobility supports intra-DU handover in Rel-17, requiring minimum RAN2 impact and no RAN3 impact. 
· Strive to support inter-DU handover with minimum rework in Rel-18.

In RAN1#103-e [2], the scope of the enhancement was agreed to include the facilitation of measurement, reporting and indication of the RSs from the non-serving cell. Furthermore, the serving cell can provide configuration for the non-serving cell SSB via an RRC configuration. 
For beam measurement and reporting of non-serving cell RSs:
· The serving cell configures non-serving cell RS, including an RS ID, a non-serving cell ID, as well as other physical layer parameters that define the RS (e.g. resource allocation, sequence, etc.). The non-serving cell RS can be SSB or NZP CSI-RS.
· The UE measures the configured non-serving cell RS as well as the serving cell RS. The measurement quantity can be L1-RSRP or L1-SINR.
· The UE reports the measured quantity along with a resource indicator. The resource indicator can include the non-serving cell RS ID and the non-serving cell ID (either explicitly or implicitly as part of the non-serving cell RS ID).
· The UE could be configured to measure more than one (P>1) non-serving cells, but only report to the network the measurement results of a subset of the total P non-serving cells. The UE could report in a single reporting instance the resource indicators (SSBRIs or CRIs) for both the serving cell and a subset of the configured non-serving cell(s) along with their measurement quantities/beam metrics (L1-RSRPs or L1-SINRs). If the number of non-serving cells in the subset can be dynamically selected, the Rel-15 two-part CSI reporting can be reused. Here, part 1 is of a fixed payload size and used to identify/indicate the size of the payload in part 2 (which includes the beam metrics associated with the variable number of non-serving cells). 
For beam indication of non-serving cell RSs:
· The Unified TCI Framework and state described in section 2 can be used as the basis for L1-L2 centric inter-cell mobility beam indication by inclusion of a cell ID (the non-serving cell ID) and the non-serving cell RS ID in the TCI state. The non-serving cell ID can be indicated explicitly or implicitly as part of the non-serving cell RS ID. The TCI state pool includes TCI states where the source RS for the spatial filters is a serving cell RS, and other TCI states where the source RS for the spatial filters is a non-serving cell RS.
· As long as the UE can identify the non-serving cell RS from the indicated TCI state/QCL-Info, the UE could follow the QCL parameters to decode the PDSCH from the non-serving cell. There are various ways to achieve this. For example, the non-serving cell PCI could be incorporated into the corresponding TCI state/QCL-Info or, alternatively, the non-serving cell RS could be re-indexed in the corresponding TCI state/QCL-Info to differentiate from the serving cell RS (index). Determining appropriate means to include the non-serving cell information in the TCI state/QCL-Info should take into account various factors such as, signaling overhead, payload variation, and RAN2 impact.      

Proposal 7:
On L1-L2 centric inter-cell mobility:
· Serving cell configures a UE for non-serving cell RSs.
· UE measures and reports the non-serving cell RSs, wherein the measurement report includes a measurement quantity (e.g. L1-RSRP or L1-SINR) and a resource indication for the non-serving cell RS.
· UE reports in a single reporting instance a two-part beam report using the Rel-15 two-part CSI: Part 1 of the beam report contains measurement results for the serving cell and information about the selected subset of the non-serving cells; Part 2 of the beam report contains the measurement results for the selected subset of the non-serving cells.
· The unified TCI Framework and State is used for beam indication of a non-serving cell RS ID (including SSB and CSI-RS of the non-serving cell(s) and/or physical cell ID). The inclusion of the non-serving cell information in the TCI state/QCL-Info needs to consider signaling overhead and RAN2 impact.

There are some additional aspects to consider with L1/L2-based mobility:
· The need for RSRP filtering (cf. L3 filtering). RSRP filtering smooths out the RSRP measurement and removes or limits short term fluctuations that minimize dither back and forth between cells. Yet filtering introduces a delay (due to the filter inherent delay) in handover. Further study is required to determine the need and design of RSRP filtering.
· Timing adjustment. As the UE moves from one cell to the next, the UE would need to adjust the DL reception time and UL transmission time. Time adjustment can be due to difference in timing between the two cells, and in variation in the propagation delay between the two cells.

Observation 1: L1/L2-based cell mobility may require additional design consideration at least related to:
· The need for and extent of RSRP filtering
· Timing adjustment at the UE

[bookmark: _Ref54233531]Issue 3: Dynamic TCI state update signalling

In this section, we discuss additional design aspects of the agreed DCI-based beam indication. 

DCI Format for conveying TCI State
In RAN1#103-e [2], it was agreed that at least DCI format 1_1 and DCI format 1_2 are reused for beam indication.  It is an open point whether additional DCI formats including a dedicated format can additionally be used for indication of the TCI state. DCI Format 1_1 and DCI Format 1_2 are used for scheduling dynamic DL transmissions. Hence, it is not suitable for the following scenarios:
· Semi-persistent (SPS) traffic, with no dynamic grants, whether this traffic is DL SPS or UL configured grant. In this scenario, it is not possible to use DCI Format 1_1 or DCI Format 1_2 to update the TCI state as there are no dynamic DL transmissions.
· UL heavy traffic with no or infrequent DL traffic. In this scenario also it is not possible to use DCI format 1_1 or DCI Format 1_2 to update the TCI state as DL transmissions are infrequent compared to UL transmissions.
Observation 2:
For beam indication in the unified TCI framework DCI Format 1_1 and DCI Format 1_2 can’t be used to effectively update the TCI state in scenarios involving semi-persistent traffic and UL-heavy traffic.

Table 1 shows a comparison of the TCI formats that can be used for beam indication.

[bookmark: _Ref60756266]Table 1: Comparison of TCI Formats used for beam indication.
	DCI Format
	Pros and Cons

	Format 1_1 and Format 1_2 (already agreed in RAN1#103-e for indication of joint DL/UL TCI state and separate DL TCI state)
	For separate UL TCI state, it requires an additional TCI field for UL TCI.
In case M>1 or N>1 additional TCI state fields need to be added to the DCI format. Not accommodating to semi-persistent traffic or UL-heavy traffic.

	Format 1_0
	Format 1_0 is DL DCI with no TCI state field. Supporting TCI state indication with Format 1_0 requires at least one TCI field for joint DL/UL TCI state and separate DL TCI state.  
For separate UL TCI state, it requires an additional TCI field for UL TCI.
In case M>1 or N>1 additional TCI state fields need to be added to the DCI format. Not accommodating to semi-persistent traffic or UL heavy traffic.

	Format 0_1 and Format 0_2
	Format 0_1 and Format 0_2 are UL DCIs with no TCI state, but include SRI field. Supporting TCI state indication with Format 0_1 or Format 0_2 requires either repurposing the SRI as a TCI state field or adding a new TCI state field for joint DL/UL TCI state and separate UL TCI state. For separate DL TCI state, it requires an additional TCI field for DL TCI.
In case M>1 or N>1 additional TCI state fields need to be added to the DCI format. Not accommodating to semi-persistent traffic or DL-heavy traffic.

	Format 0_0
	Format 0_0 is UL DCI with no TCI state field or SRI field. Supporting TCI state indication with Format 0_0 requires at least one TCI field for joint DL/UL TCI state and separate UL TCI state.  For separate DL TCI state, it requires an additional TCI field for DL TCI.
In case M>1 or N>1 additional TCI state fields need to be added to the DCI format. Not accommodating to semi-persistent traffic or DL-heavy traffic.

	Dedicated DCI Format for TCI state
	A purpose-designed DCI format for TCI state indication. For joint DL/UL TCI state, with M=N=1, a single TCI state is included in the DCI format. Separate DL/UL TCI states, with M=1 and N=1, two TCI state fields are included in the DCI format. For M>1 and N>1, more TCI states can be added depending on the values of M and N, and whether joint or separate TCI states are used for beam indication.
This format is the most future-proof to include additional TCI states (when M>1 or N>1) and can also be based on any of the existing DCI formats (but without necessitating DL assignment or UL grant)
Padding can be used to align the size of this DCI format to the size of one of the other DCI formats to keep the same number blind decodes at the UE.
The existing ACK mechanism for SPS PDSCH release can be reused for the DCI.
Effective for semi-persistent traffic.



Observation 3:
A dedicated DCI format for TCI state indication can provide the following benefits:
1. TCI state indication that is not tied to a DL assignment or an UL grant making it suitable for semi-persistent traffic such as SPS or UL configured grant.
2. Can accommodate joint and separate DL/UL TCI state indication.
3. If efficiently designed can incur lower overhead.
4. Future proof for supporting more TCI states with M>1 or N>1.

The content of a dedicated DCI Format for beam indication can include; TCI state(s), PUCCH Resource Indicator (PRI) and HARQ feedback timing indicator as illustrated in Table 2. In addition, padding can be used to align the size of the DCI format to one of the existing DCI format sizes to keep the same number of blind decodes.

[bookmark: _Ref53061685]Table 2: Content of DCI Carrying Beam Indication
	Parameter
	Description

	TCI state(s)
	Can be a common DCI state for UL and DL transmissions and receptions, alternatively separate TCI states for UL and DL transmissions and receptions. Size depends on number of TCI state code points.

	PRI
	PUCCH Resource Indicator. Size 3 bits following R15 design.

	HARQ_feedback timing indicator
	Indicates the time between the TCI DCI and the corresponding PUCCH resource for HARQ-ACK feedback for the DCI carrying a TCI state.

	Padding
	For alignment to the nearest DCI size.



Proposal 8:
In addition to the agreed DCI formats 1_1/1_2, support at least a dedicated DCI format for joint and separate DL/UL beam indication. 
· The current ACK mechanism for SPS PDSCH release can be reused for the dedicated DCI
· The DCI format includes, TCI state(s), PUCCH Resource Indicator and HARQ_feedback timing indicator. 
· Padding can be used to align the payload with that of an existing DCI format. Or an existing DCI format can be used without the presence of DL assignment or UL grant.

Extension of DCI Format 1_1 and DCI Format 1_2 with multiple TCI State Fields
In RAN1#103-e [2], it was agreed to use at least DCI Format 1_1 and DCI Format 1_2 for TCI state indication. DCI Format 1_1 and DCI Format 1_2 can be configured to include one TCI state field. The TCI state field can be used to indicate the joint DL/UL TCI state or the separate DL TCI state. In case of separate DL/UL TCI state, a separate TCI state field is needed for UL TCI state. RRC configuration can configure the number of TCI state fields in DCI format 1_1 and DCI Format 1_2.

Proposal 9:
For DCI Format 1_1 and DCI Format 1_2 a second TCI field can be activated by RRC configuration in case of separate DL/UL TCI state indication.

Timeline and HARQ-ACK for DCI-based beam indication
In RAN1#103-e [2], two options were considered for the application time of the beam indication:
· Alt1: The first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication
Table 3 shows the comparison of Alt1 and Alt2 of the beam application time. Based on this comparison, we have a slight preference for Alt2 as it avoids misalignment issue at the expense of a slight increase in beam application latency.
[bookmark: _Ref60770938]Table 3: Comparison of Alt1 and Alt2 of beam application time.
	
	Pros
	Cons

	Alt1
	· Shorter latency. Beam switch happens after an offset from PDCCH.
· New beam can potentially apply to PDSCH and PUCCH transmissions associated with the PDCCH containing the TCI state.
	Potential for misalignment between gNB and UE, if UE misses the PDCCH/DCI with the TCI state.
· Not an issue for the DL assignment associated with the DCI format 1_1/1_2 carrying the TCI state update (since the TCI field indicates the new TCI state)
· An issue for upcoming UE-dedicated PDCCH (DCI formats 1_1, 1_2 as well as the ones not carrying any TCI field) 
· An issue for PUCCH used for ACK/NAK (although this can be handled by gNB implementation)
However, all the above misalignment issues can be addressed by choose a larger value of X/Y for the problematic cases (while keeping a small value for X/Y for the non-problematic cases)

	Alt2
	As gNB waits for acknowledgment from the UE before switching to the new TCI state, alignment can be guaranteed between gNB and UE when switching to the new TCI state.
	Beam application latency is longer as a result of waiting for the acknowledgment. 
· At 120 kHz time between end of PDCCH and end of HARQ-ACK is approximately: 12 (PDSCH) + 24 (PDSCH-to-HARQ) + 2(PUCCH) = 38 symbols = 0.34 ms (still relatively small).
· However, for the DL assignment associated with the DCI format 1_1/1_2 carrying the TCI state update, the updated TCI state cannot be applied, resulting in a possibly much longer PDSCH latency than the above 0.34ms. 



In light of the above comparison, Alt1 is evidently a better solution as long as several values of X/Y are judiciously selected to avoid potential misalignment between UE and gNB while allowing the updated TCI state applied to the DL assignment associated with the DCI format 1_1/1_2 carrying the TCI state update

Proposal 10:
Regarding application time of the beam indication: when beam indication is received, the indicated TCI state is applied to the first slot that starts X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication (Alt1).
· More than one values of X/Y are judiciously selected to avoid potential misalignment between UE and gNB while allowing the updated TCI state applied to the DL assignment associated with the DCI format 1_1/1_2 carrying the TCI state update, e.g. one value of X/Y is large enough to be used to effectively emulate Alt2 (application after ACK) for the problematic cases

For a dedicated DCI format for beam indication, Figure 9 illustrates the timeline of for applying the indicated TCI state. After the transmission of a DCI with a TCI state, the UE and the network can apply the newly indicated TCI state after a period “timeDurationForQCL”. All UE-specific transmissions and receptions starting after that time period use the indicated TCI state until a new TCI state is indicated and the corresponding “timeDurationForQCL” elapses.


[bookmark: _Ref53060864]Figure 3: Timeline of DCI-based Beam Indication
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Issue 6: Advanced Beam Tracking/Refinement
Beam tracking and beam refinement, although potentially referring to different actions (the first pertaining to time variation while the second to spatial resolution), are functionally the same, i.e. beam acquisition. To speed up beam acquisition in high-mobility scenarios (such as highway and HST), it is evident that both beam indication (issue 3) and beam measurement/reporting need to be enhanced. 
In the following, we focus on beam measurement/reporting since beam indication has been discussed in section 4.
 
Beam Acquisition when RRC Connection is Established
Beam sweeping/training is a part of the beam management procedure during which a BS and a UE identify a TX-RX beam pair for subsequent communication. Beam sweeping/training involves beam tracking, wherein a UE can refine its beam (TX and RX spatial filter) as the UE moves around. Beam sweeping/training also involves beam refinement, wherein a UE identifies a finer beam (TX and RX spatial filter) from a coarser beam. For DL transmissions, beam sweeping/training can include the following [6] ( Figure 14):
· Step P1 is a coarse DL TX beam refinement, wherein a UE measures different DL TX beams to select a coarse DL TX-RX beam pair, typically performed based on SSB.
· Step P2 is a fine DL TX beam refinement, wherein a UE measures different DL TX beams to enable refinement of the DL TX beams. The RS for DL beams can be a CSI-RS with a narrower beam (spatial transmit filter) than the beam of the RS of Step P-1.
· Step P3 is a fine DL RX beam refinement, wherein a UE measures a same DL TX beam with different RX beams. A UE identifies the optimum DL RX beam, i.e. the optimum DL RX spatial domain filter.



[bookmark: _Ref54258954]Figure 7: Beam sweeping and training.

The process P1/P2 is also known to two-step beam acquisition. Here, P2 facilitates beam tracking/refinement without having to sweep through a large number of candidate (higher-resolution) beams. In Rel.15/16, P2 will require one of the following: 
· The UE is configured with P-CSI-RS for beam management to enable the UE to measure CSI-RS for DL TX beam refinement. Then the NW can transmit a CSI request via DCI 0_1 to trigger a beam report.   
· The UE is configured with AP-CSI-RS and receives a CSI request, via DCI 0_1. The CSI request will trigger both AP-CSI-RS (transmitted with a time offset relative to the DCI) and beam reporting. After receiving the CSI request, the UE measures the AP-CSI-RS intended for DL TX beam refinement to calculate and subsequently transmit the beam report.  
In either alternative, this contributes to unnecessary latency for beam measurement/reporting as well as P3 – not to mention higher UE power consumption if P-CSI-RS is configured. 

Observation 4: In Rel.15/16, P2 will require the UE to be configured with P-CSI-RS or, alternatively, to receive a CSI request, via DCI 0_1, before measuring the AP-CSI-RS intended for DL TX beam refinement. This contributes to unnecessary latency for beam measurement/reporting as well as P3. 

To circumvent the additional latency and UE power consumption associated with a CSI request to trigger a beam measurement report, the AP-CSI-RS and beam reporting can be implicitly triggered by the DCI-based beam indication (proposed in section 4) and illustrated in Figure 8. This not only removes the unnecessary latency imposed by the UE waiting for a separate CSI request, but also reduces the use of PDCCH. That is, upon successfully decoding a TCI state update, the UE will subsequently measure an AP-CSI-RS and calculate the respectively beam reporting. 



[bookmark: _Ref60771731]Figure 8: CSI-RS measurement resource and beam report triggered by a new beam indication.


Proposal 11: To reduce beam measurement/reporting latency, investigate beam measurement/reporting mechanism where the DCI-based beam indication also functions as an implicit trigger for AP-CSI-RS and beam reporting:
· Upon successfully decoding a TCI state update, the UE will subsequently measure an AP-CSI-RS and calculate the respectively beam reporting.

Another aspect to consider is the efficiency of the TX/RX fine tuning procedure, i.e. step P2 and step P3. Combining P2 and P3 into a single step, wherein refinement of the TX beam and RX beam is performed jointly not only speeds up the beam refinement procedure but can also lead to more optimum beam selection. One way to achieve this, is to have CSI-RS subsets wherein a UE can assume different DL spatial domain transmission filters across the subsets to allow for DL TX beam sweeping, for DL TX beam refinement. Within each CSI-RS subset the UE may assume that the CSI-RS resources are transmitted with the same DL spatial domain transmission filter (beam), allowing the UE to refine its DL RX beam, by doing a receive beam sweep across these resources. 

Proposal 12: Investigate combining TX and RX beam refinement in beam management procedure.
· Investigate CSI-RS design by allowing partial repetition of the CSI-RS resources across DL spatial domain transmission filters, wherein a UE may assume that a subset of CSI-RS resources have a same spatial domain transmission filter.


[bookmark: _Ref54011627]Issues 4 and 5: UL beam/panel selection and MPE mitigation 
The following agreements were made regarding UL panel selection and MPE mitigation in RAN1#103-e [2].
	Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW



UL fast panel selection
Regarding the FFS on the specification support for the UE-initiated UL panel selection/activation, we have the following view.
· Some reporting from the UE regarding the event (of the need for UL panel switch/selection) can be beneficial for the NW. The reporting can just be a message about this event or may also include UE-recommendation about the selected UE panel(s).  Such a reporting can for example be carried on a PUCCH resource. The gNB can take proper action in response to the received reporting. The action in response can correspond to triggering of beam measurement and reporting for the selected/activated panel (if not available already, or if available but is outdated) or beam indication for the selected/activated panel.
· Also, fast panel selection (for, e.g. mitigating the UL coverage loss due to MPE or/and change in channel conditions) can be accommodated via panel-specific UL beam or spatial relation information indication. This can be realized, e.g. by associating/linking/including an index of a source RS resource or resource set associated with an antenna panel into the Rel. 17 TCI state definition.
Regarding the FFS on NW-initiated panel selection/activation, the need and the benefits are unclear since the NW-initiated approach can’t address the MPE mitigation and UE power saving use cases (from the agreement on the relevant use cases). Also, since the UE-initiated approach is already agreed, it is not evident how much additional benefits can be achieved by supporting another feature (i.e., NW-initiated approach) on top of what that can be achieved with the UE-initiated approach.   
Proposal 13: For multi-panel UEs, support the following:
· UE reporting (e.g. a message) about the UL panel selection/activation.
· The fast panel selection/activation is facilitated by including an index of RS resource or resource set associated with a panel into the Rel. 17 TCI state definition.

Observation 5: The NW-initiated approach can’t address two important use cases (MPE mitigation and UE power saving), and has unclear benefits (over what that can be achieved with the UE-initiated approach). 

MPE mitigation
For MPE mitigation, a solution based on a UE-initiated approach can be used, wherein the UE upon detecting the occurrence of such events, initiates a UL TX beam update mechanism (e.g. UL panel selection). This requires a UE to report an MPE event to the network, along with beam measurements and indication of a preferred beam or UE panel to mitigate the MPE effect. Between panel-level and beam-level switching (within a panel), the panel-level switching seems sufficient for MPE mitigation. This is due to the fact that for a panel experiencing the MPE issue, it is extremely unlikely that another beam from the same panel can be used for UL transmission, i.e., such a panel is likely to be completely unusable. Therefore, the panel-level switching suffices. The UL TX beam for the switched panel, however, can also be included in the UE reporting. The content of the beam report can be the same as in Rel. 15/16, i.e., SSBRI/CRI and corresponding L1-RSRP/L1-SINR. The need for any additional reporting is unclear.
The network in response to a UE reporting can either just follow the UE-recommendation about the updated UL TX panel/beam (without any indication), or uses the UE reporting to signal/indicate an alternate UL TX beam to the UE.

Proposal 14: For MPE mitigation, 
· Support indication of panel selection/switching, and reporting of SSBRI(s)/CRI(s) for the switched panel
· For additional reporting content, support Rel.15/16 beam metric (i.e. L1-RSRP/L1-SINR)
· Investigate a mechanism for providing an alternate UL TX beam as well as a UE-initiated UL TX beam update

Conclusions
The following proposals have been made regarding the unified TCI Framework and TCI State:
Proposal 1: For the purpose of UL TCI state indication, in case of separate DL/UL beam indication, the TCI state is chosen from a common TCI state pool. The same pool is also used for joint TCI state indication, as well as DL TCI state indication in case of separate DL/UL beam indication.
Proposal 2:
A PL-RS can be associated with or configured in a TCI state in a Rel-17 unified TCI framework
· The UE uses the PL-RS at least for the UL channels/RSs configured to be included in Rel-17 unified TCI framework
· Implicit manner for determining the PL-RS.
· If the source RS of QCL-Type D associated with the TCI state is a DL periodic RS, the PL-RS is the source RS of QCL Type D associated with the TCI state.
· [bookmark: _GoBack]If the source RS of QCL-Type D associated with the TCI state is an UL RS (e.g. SRS), the PL-RS is a DL RS (e.g. SSB or periodic CSI-RS) that is a source RS for the QCL Type-D UL source RS associated with the TCI state.
· If the source RS of QCL Type D associated with the TCI state is a DL RS that is aperiodic or semi-persistent, the PL-RS is a DL RS (e.g. SSB or periodic CSI-RS) that is a source RS for the QCL Type-D (aperiodic or semi-persistent) DL source RS associated with the TCI state.

Proposal 3:
UL power control parameter setting is a function of two components, a first component that depends on the channel/signal being power controlled and a second component that depends on the TCI state.

Proposal 4:
For inter-band CA, component carriers (CCs) are partitioned into groups. A common TCI state ID provides common QCL information for CCs within a group of CCs. This applies for joint DL/UL and separate DL/UL beam indications (TCI state updates).

Proposal 5: Support configuring a UE with SRS for beam management as a QCL Type-D source RS for DL spatial filter in conjunction with a DL source RS.

The following observation and proposals have been made regarding inter-cell mobility enhancements:
Proposal 6:
L1-L2 centric inter-cell mobility supports intra-DU handover in Rel-17, requiring minimum RAN2 impact and no RAN3 impact. 
· Strive to support inter-DU handover with minimum rework in Rel-18.

Proposal 7:
On L1-L2 centric inter-cell mobility:
· Serving cell configures a UE for non-serving cell RSs.
· UE measures and reports the non-serving cell RSs, wherein the measurement report includes a measurement quantity (e.g. L1-RSRP or L1-SINR) and a resource indication for the non-serving cell RS.
· UE reports in a single reporting instance a two-part beam report using the Rel-15 two-part CSI: Part 1 of the beam report contains measurement results for the serving cell and information about the selected subset of the non-serving cells; Part 2 of the beam report contains the measurement results for the selected subset of the non-serving cells.
· The unified TCI Framework and State is used for beam indication of a non-serving cell RS ID (including SSB and CSI-RS of the non-serving cell(s) and/or physical cell ID). The inclusion of the non-serving cell information in the TCI state/QCL-Info needs to consider signaling overhead and RAN2 impact.

Observation 1: L1/L2-based cell mobility may require additional design consideration at least related to:
· The need for and extent of RSRP filtering
· Timing adjustment at the UE

The following observations and proposals have been made regarding dynamic TCI signal update:
Observation 2:
For beam indication in the unified TCI framework DCI Format 1_1 and DCI Format 1_2 can’t be used to effectively update the TCI state in scenarios involving semi-persistent traffic and UL-heavy traffic.

Observation 3:
A dedicated DCI format for TCI state indication can provide the following benefits:
1. TCI state indication that is not tied to a DL assignment or an UL grant making it suitable for semi-persistent traffic such as SPS or UL configured grant.
2. Can accommodate joint and separate DL/UL TCI state indication.
3. If efficiently designed can incur lower overhead.
4. Future proof for supporting more TCI states with M>1 or N>1.

Proposal 8:
In addition to the agreed DCI formats 1_1/1_2, support at least a dedicated DCI format for joint and separate DL/UL beam indication. 
· The current ACK mechanism for SPS PDSCH release can be reused for the dedicated DCI
· The DCI format includes, TCI state(s), PUCCH Resource Indicator and HARQ_feedback timing indicator. 
· Padding can be used to align the payload with that of an existing DCI format. Or an existing DCI format can be used without the presence of DL assignment or UL grant.

Proposal 9:
For DCI Format 1_1 and DCI Format 1_2 a second TCI field can be activated by RRC configuration in case of separate DL/UL TCI state indication.

Proposal 10:
Regarding application time of the beam indication: when beam indication is received, the indicated TCI state is applied to the first slot that starts X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication (Alt1).

The following observation and proposals have been made regarding advanced beam tracking/refinement topics
Observation 4: In Rel.15/16, P2 will require the UE to be configured with P-CSI-RS or, alternatively, to receive a CSI request, via DCI 0_1, before measuring the AP-CSI-RS intended for DL TX beam refinement. This contributes to unnecessary latency for beam measurement/reporting as well as P3. 

Proposal 11: To reduce beam measurement/reporting latency, investigate beam measurement/reporting mechanism where the DCI-based beam indication also functions as an implicit trigger for AP-CSI-RS and beam reporting:
· Upon successfully decoding a TCI state update, the UE will subsequently measure an AP-CSI-RS and calculate the respectively beam reporting.

Proposal 12: Investigate combining TX and RX beam refinement in beam management procedure.
· Investigate CSI-RS design by allowing partial repetition of the CSI-RS resources across DL spatial domain transmission filters, wherein a UE may assume that a subset of CSI-RS resources have a same spatial domain transmission filter.

The following observation and proposals have been made regarding UL beam/panel selection and MPE
Proposal 13: For multi-panel UEs, support the following:
· UE reporting (e.g. a message) about the UL panel selection/activation.
· The fast panel selection/activation is facilitated by including an index of RS resource or resource set associated with a panel into the Rel. 17 TCI state definition.

Observation 5: The NW-initiated approach can’t address two important use cases (MPE mitigation and UE power saving), and has unclear benefits (over what that can be achieved with the UE-initiated approach). 

Proposal 14: For MPE mitigation, 
· Support indication of panel selection/switching, and reporting of SSBRI(s)/CRI(s) for the switched panel
· For additional reporting content, support Rel.15/16 beam metric (i.e. L1-RSRP/L1-SINR)
· Investigate a mechanism for providing an alternate UL TX beam as well as a UE-initiated UL TX beam update
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Appendix 1: RAN1#103-e Agreements
A.1	Issue 1: Unified TCI Framework and State
Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.

Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels

Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 

A.2 Issue 2: Inter-cell mobility enhancements
Agreement
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
· The following use cases are assumed: 
· Network architecture: 
· NSA, i.e. LTE PCell and NR-PSCell 
· SA
· Intra-band CA 
· FFS: If inter-band CA is also included
· Intra- RAT (excluding inter-RAT) 
· Intra-frequency scenario: 
· The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell
· An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
· FFS: Support for inter-frequency scenario
· FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
· FFS: other information needed for inter-cell mobility
· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2

A.3	Issue 3: Dynamic TCI State Signalling
Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Conclusion
There is no consensus in RAN1 to include the following as part of RAN1 agreement for AI 8.1.1 in RAN1 #103e:
· FFS beam indication for the TCI state assumption/update for the following cases: 
· The beam indication UE-specific DCI (i.e. the CORESETs with the DCI received by UE), the scheduled PDSCH by the DCI and the associated PUCCH for the acknowledgment of the beam indication DCI
· Non-UE-specific CORESETs and PUSCH/PDSCH scheduled/activated and PUCCH transmission triggered by non-UE-specific CORESETs  

Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism

Agreement
On Rel.17 DCI-based beam indication: 
· Regarding application time of the beam indication: if beam indication is received, down-select from the following:
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)

Agreement
On Rel.17 DCI-based beam indication, the beam application time is to be down-selected or modified from the following:
· Alt1: The beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
· Consider multi-panel UE, layer 1/2 inter-cell cases, carrier aggregation aspects

A.4	Issue 4: MP-UE assumption to facilitate fast UL panel selection
Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

A.5	Issue 5: MPE Mitigation
Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW


A.6	Issue 6: Advanced beam management for beam acquisition
No agreements.
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For joint DL/UL beam indication:
A single TCI state can indicate a common source RS for DL/UL channels spatial filters.
DL components are used for DL channels.
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A first TCI state can indicate a source RS for DL channels spatial filters, with DL components used for DL channels.
A second TCI state can indicate a source RS for UL channels spatial filters, with UL components used for UL channels.



