
3GPP TSG RAN WG1 #104-e		R1-2100118
e-Meeting, January 25th – February 5th, 2021

Source:	OPPO
Title:	Enhancements on Multi-Beam Operation
Agenda Item:	8.1.1
Document for:	Discussion and Decision

1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. New WID for further enhancing NR MIMO [1] includes the objectives of enhancement on multi-beam operations. In this contribution, we present our views on various aspects on NR multi-beam operation enhancement. In particular, we will present our views on unified TCI state and common beam operation, inter-cell mobility, UL beam selection and MPE issues.
2. Unified TCI Framework
Configuration of TCI states
In unified TCI framework, we agreed to support both joint DL/UL TCI state and separate DL/UL TCI state update and made the following agreements:
	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 

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.



For joint DL/UL TCI update, the gNB can use one same TCI state to provide QCL information for all the UE-specific PDCCH and PDSCH and to provide common UL Tx spatial filter for PUSCH and PUCCH. The pool of TCI state specified in Rel-15/16 can be re-used.  The QCL-TypeD RS configured in current TCI state can be used to provide UL Tx spatial filter for PUSCH and PUCCH. The QCL-TypeD RS can be used as the path loss RS for PUSCH/PUCCH too.
Proposal 1: For joint DL/UL TCI update:
· The pool of TCI states specified in Rel-15/16 is reused and each TCI state use the QCL-TypeD RS to provide QCL-TypeD information for PDCCH/PDSCH and UL spatial Tx filter for PUSCH/PUCCH.
· The QCL-TypeD RS also provides the path loss RS for PUSCH/PUCCH.
In separate DL/UL TCI update, two separate TCI states are used for DL and UL, i.e., one DL TCI state and one UL TCI state.  For the DL TCI state, we can reuse the TCI state specified in Rel-15/16 to provide QCL information for PDCCH/PDSCH. However, for the UL TCI state, we need specify new UL TCI state to provide UL Tx spatial filter for PUSCH/PUCCH.  Each UL TCI state shall include the following information:
· One RS to provide the information of UL Tx spatial filter for uplink transmission
· One RS to provide the information of path loss RS for uplink power control
Regarding how to configure the UL TCI state, we have two alternatives:
· Alt1: A pool of TCI state is used for both DL TCI state and UL TCI state
· Alt2: Two separate pools of TCI state are used for DL TCI state and UL TCI state.
Those two alternatives can support the same functionality. The Alt1 could cause more overhead in the index of TCI state. Therefore, Alt2 is slightly preferred.
Proposal 2: For separate DL and UL TCI update:
· Two separate TCI state pools are used for DL TCI state and UL TCI states
· Each UL TCI state contains one RS providing the UL Tx spatial filter and one RS providing path loss RS.

As in the agreement of separate beam indication, we can indicate M TCI state(s) to provide common QCL assumption for UE-dedicated PDSCH and PDCCH and N TCI state(s) to provide common spatial setting for UE dedicated PUSCH and PUCCH. The value of M and N is FFS between = 1 and  >= 1. In our view, M = 1 and N = 1 shall be selected to support common TCI state operation. There is no strong justification to support M > 1 or N =1 in common TCI state operation:
· As stated in the WID, one of the objectives for enhancement on multi-beam operation is to support common beam for data and control transmission/reception for DL and UL. Common beam implied single TCI state for data and control transmission/reception.  
· Supporting M > 1 or N > 1 would imply that the system would indicate different QCL or spatial setting on different channels. That is the design specified in rel-15 and rel-16. Since that is equivalently what can be supported in rel-15/rel-16.
· It is preferred to finish the common QCL/spatial setting for baseline system (i.e., single-TRP) first before we can consider to extend it to the multi-TRP system. 
[bookmark: _Hlk53585775]Proposal 3: In Rel-17 unified TCI framework, support M = 1 TCI state to provide common QCL information for UE-dedicated PDSCH and PDCCH and N = 1 TCI state to provide common UL spatial filter for UE-dedicated PUCCH and PUSCH. 

Common TCI on other signals
Regarding the TCI state providing common QCL information for DL, besides UE-dedicated PDCCH and PDSCH, the indicated common QCL information shall be applied to the following downlink signals:
· CSI-RS resource for CSI acquisition: the common QCL information shall be applied to the CSI-RS resources used to measure CSI information so that the UE can always be requested to measure the CSI of the current ‘beam pair link’.
· CSI-RS resource for beam management: we shall support to apply the common QCL information on some CSI-RS resource for beam management. One use case for that is the common QCL information can be applied to a set of CSI-RS for beam management with repetition = ‘On’ so that the UE can always refine its Rx beam with respect the ‘current’ Tx beam.
[bookmark: _Hlk53585783]Proposal 4: In Rel-17 unified TCI framework, the common QCL information is also applied to:
· the CSI-RS resource for CSI acquisition 
· and some CSI-RS resource set with repetition = ‘On’.

Similarly, regarding the TCI state providing common spatial setting for UL, besides UE-dedicated PUCCH and PUSCH and SRS for codebook/non-codebook/antenna switching, the indicated common spatial setting for UL shall be applied to some SRS resource for beam management. One use case for that is the common spatial setting can be applied to a set of SRS resources for beam management so that the gNB can refine its UL Rx beam always with respect to the current UL Tx beam. 
Proposal 5: In Rel-17 unified TCI framework, the common UL Tx spatial filter is also applied to one SRS resource set for beam management.
[bookmark: _Hlk53585853]Power Control Parameters
Uplink transmission needs the following uplink power control parameters:
· Pathloss reference signal
· P0 and alpha
· Closed-loop index
In last meeting, we discussed on the issue of how to configure/associate the power control parameters in unified TCI framework but we did not reach agreement. As in current specification, the power control parameters are configured separately for PUSCH, PUCCH and SRS.  For PUSCH, each SRI value is associated with a set of uplink power control parameters including path loss RS, P0 and alpha and closed-loop index. For each particular PUSCH transmission, the UE shall use the uplink power control parameters associated with the SRI value that is indicated by the scheduling DCI format. For PUCCH, the power control parameters are included in each PUCCH-SpatialRelationInfo. So when the Spatial relation info is updated for one PUCCH resource, the power control parameters are updated accordingly. For SRS resource, the information of UL spatial filter is configured per SRS resource while the power control parameters are configured per SRS resource set. 
In Rel-17 unified TCI framework, the path loss RS shall be configured in each TCI state that provides UL spatial filter because that path loss RS is tightly associated with the Tx beam used for uplink transmission. In joint DL/UL TCI state, the QCL-TypeD RS can be used as path loss RS. In separate UL state, if the RS for UL spatial filter is a DL CSI-RS or SSB, the same RS can be used as path loss RS, and if the RS for UL Tx spatial filter is a SRS, we shall configure a periodic CSI-RS or SSB as the path loss RS.
Proposal 6: In Rel-17 unified TCI framework, path loss RS is configured in each TCI state providing UL TCI:
· In joint DL/UL TCI state: the QCL-TypeD RS is used as the path loss RS
· In separate UL TCI state: path loss RS is configured 
Besides path loss RS, the other uplink power control parameters shall be associated with each uplink channel and also each UL TCI state. There are various ways to configure that association:
· One way to associate the power parameters is to configure the association between UL TCI state and one set of uplink power control parameters {P0, alpha, closed loop index} for PUSCH, PUCCH and SRS respectively in RRC. When a UL TCI state is indicated through DCI to provide common UL spatial Tx filter to PUSCH, PUCCH and SRS, the UE applies the corresponding power control parameters on PUSCH, PUCCH and SRS respectively.  
· Another method to associate the power parameters is to indicate the power control parameters for each activated TCI state providing UL TCI. For example, when the gNB activates a few TCI states providing UL TCI, the gNB can also indicate the set of uplink power control parameters P0, alpha, closed loop index} for PUSCH, PUCCH and SRS respectively through MAC CE. When one of those TCI state is indicated through DCI to provide common UL spatial Tx filter to PUSCH, PUCCH and SRS, the UE applies the corresponding power control parameters on following up PUSCH, PUCCH and SRS respectively. 
· For SRS resource, the power control parameters shall be configured to each SRS resource set, as in Rel-16/15.

[bookmark: _Hlk61800250]Proposal 7: In Rel-17 unified TCI framework:
· Each TCI state providing UL TCI is associate with a set of {P0, alpha, closed-loop index} for PUSCH and a set of {P0, closed-loop index} for PUCCH
· {P0, alpha, closed-loop index} is configured to one SRS resource set.

Multi-CC Common TCI Update
For unified TCI framework in CA case, we agreed to support same QCL-TypeD and same UL Tx spatial filter for multiple CCs in intra-band CA case and the following agreement was made.
	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



First of all, in our view, we shall support the function of multi-CC TCI update to both intra-band CA and inter-band CA cases. It is subject to UE capability. If a UE supports common DL TCI and UL TCI for some CC or band combination, the gNB can configure multi-CC TCI update for those CCs. 
[bookmark: _Hlk61800260]Proposal 8: The function of providing common QCL information and common UL Tx spatial filters for multiple CCs shall be supported for both intra-band CA and inter-band CA case, which is subject to UE capability.

One FFS point for multi-CC TCI update is how to configure the TCI state pool for CA case. One alt is to configure a TCI state pool that is shared with all the CCs in the set configured for multi-CC TCI state. In this shared TCI state pool, the QCL-TypeA RS shall refer to the RS in each CC but the QCL-TypeD RS shall refer to the RS in one particular CC so that the UE applies the same QCL-TypeD RS on all the configured CCs. Similarly, the RS providing UL Tx spatial filter also refer to one RS in one particular CC so that the UE applies the same UL Tx spatial filter on all the configured CCs. Alt2 is to configure TCI state pool for each individual CC, as what is configured for non-multi-CC TCI update case. By implementation, the NW shall make sure the TCI states with same TCI state ID in those CCs shall contains the same QCL-TypeD RS. Alt2 is preferred for the following reasons:
· Each TCI state shall be configured or associated with uplink power control parameters for PUSCH/PUCCH/SRS. In different CCs, we generally configured different uplink power control parameters for the same channel. It is difficult to configure those uplink power control parameters per channel per CC in a shared TCI state pool.
· Using shared TCI state pool is not aligned with the design of non-multi-CC TCI update case. That would complicate the spec design and also system implementation.

[bookmark: _Hlk61800269]Proposal 9: For the function of common QCL and common UL Tx spatial filter across CCs, 
· Support configuring TCI state pool per individual CC
· The TCI states with same TCI state ID in those configured CCs shall be configured with the same RS providing QCL-TypeD and the same RS providing UL Tx spatial filter.
Another FFS point is whether the Rel-17 multi-CC common beam update function shall be applied to single channel or all the channels. The objective of Rel-17 common beam update is to provide common QCL information to all the UE-specific PDSCH/PDCCH and common UL Tx spatial filter to all the PUSCH, PUCCH and SRS. There is no justification and use case to provide a common beam update for a single channel.
[bookmark: _Hlk61800274]Proposal 10: The Rel-17 common beam update of multi-CCs provides common QCL to all the UE-specific PDCCH/PDSCH and common UL Tx spatial filter to all the UE-specific PUSCH/PUCCH and SRS for codebook/non-codebook/antenna switch. 
3. Dynamic TCI State Indication 
DCI based beam indication
In RAN1#103e meeting, we reached agreement to support DCI-based beam indication for unified TCI frame and the existing DCI formats 1_1 and 1_2 is reused for beam indication.
	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
· [bookmark: _Hlk58441995]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
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


DCI format 1_1 and 1_2 with PDSCH assignment
We agreed to re-use DCI format 1_1 and 1_2 to indicate beam indication. A DCI format 1_1 or 1_2 scheduling PDSCH can use the DCI field “Transmission configuration indication” to indicate one joint TCI state or a DL TCI state or UL TCI state for beam indication. However, there exists one problem on the design of the ACK to the beam indication. The NACK of PDSCH scheduled by that DCI can not be used as the acknowledgement to the DCI carrying beam indication. The reason for that is the design of HARQ codebook in NR.
· In Type-1 codebook, the UE generates the HARQ codebook according to the the [image: ] occasions for candidate PDSCH receptions, which are determined by the PDSCH-TimeDomainResourceAllocation and dl-DataToUL-ACK configured in RRC. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. So, even when the DCI carrying beam indication at slot n is not received by the UE correctly, the UE still reports NACK in the corresponding HARQ-ACK information bit. 
· In Type-2 codebook, the UE generate the HARQ codebook dynamically based on the DAI value contained in DCI. If a DCI is not detected by the UE, the UE is able to detect the missing of that DCI by checking the value of DAI in detected DCI formats and then the UE reports NACK in the HARQ-ACK information bit corresponding to that missing DCI.
So, we can observe that the UE still reports NACK bit even when the DCI is not correctly received by the UE. 
[bookmark: _Hlk61800291]Observation 1: Per the NR HARQ-ACK feedback design, the UE reports NACK bit even when the DCI format 1_1 or 1_2 is not received correctly by the UE.
Observation 2: The NACK bit to PDSCH scheduled by a DCI format 1_1 or 1_2 with beam indication can not be used as the acknowledge to the beam indication
Therefore, we shall correct the agreement on the design of ACK to the beam indication of DCI format 1_1 or 1_2 with DL assignment. Only the ACK to the PDSCH scheduled by that DCI can be used as the ACK to the beam indication.
[bookmark: _Hlk61800297]Proposal 11: If a DCI format 1_1 and 1_2 with PDSCH assignment is used to indicate common TCI, the acknowledgement to the TCI state update is the HARQ-ACK of the PDSCH scheduled by that DCI.
DCI format 1_1 and 1_2 without PDSCH assignment
Using the DCI format 1_1 and 1_2 with PDSCH assignment to indicate beam indication in unified TCI framework has the following drawbacks and problems:
· Only when the scheduled PDSCH is received correctly, the beam indication carried in the DCI can be acknowledged by the UE. 
· The beam indication always requires a PDSCH allocation. When the NW needs switch the TCI, the NW has to schedule a PDSCH allocation. That would cause resource waste.
Due the above issue, we propose to support a DCI format 1_1 and 1_2 without DPSCH assignment to indicate TCI update for unified TCI framework.
[bookmark: _Hlk61800318]Proposal 12: Support use DCI format 1_1 and 1_2 without PDSCH assignment to indicate TCI update.
· A DCI format 1_1 or 1_2 scrambled with CNTI for TCI state indication is used to indicate TCI update without PDSCH assignment.
· UE reports HARQ-ACK in response to such a DCI carrying TCI update.
Other DCI format for TCI update
As we discussed in previous section, it is preferred to use DCI format without PDSCH assignment to indicate TCI update in the unified TCI framework. For that, it is preferred to reuse the DCI format 1_0 to indicate TCI update without PDSCH assignment. The justification for that is the DCI format 1_0 has much less payload size than the DCI format 1_1. The payload size in DCI format 1_0 is 28bit + the bits for frequency domain resource assignment, while the payload size in DCI format 1_1 is 68bits + the bits for frequency domain resource assignment.  
[bookmark: _Hlk61800369]Proposal 13: support to re-use DCI format 1_0 to indicate TCI update in unified TCI framework
· A DCI format 1_0 scrambled with RNTI for TCI state indication is used to indicate TCI update.
· UE reports HARQ-ACK to a DCI format 1_0 carrying TCI update.
As in agreement made in last meeting, we can FFS whether DCI format 0_1, 0_1 or 0_2 can be used for beam indication. In our view, it is not feasible to reuse those UL DCI format to indicate TCI update in unified TCI framework. The UE does not report HARQ-ACK to any UL DCI format. Thus, the beam indication carried by any of those UL DCI format cannot be acknowledged. Furthermore, the DCI format 1_0, 1_1 and 1_2 can provide the full functionality of beam indication in Rel-17 unified TCI framework and we do not see any motivation to use extra DCI formats.  
[bookmark: _Hlk61800375]Proposal 14: Do not support to use DCI format 0_0, 0_1 and 0_2 to indicate TCI update. 
Joint DL/UL beam indication and separate DL or UL beam indication
Both joint TCI update and separate TCI update are supported in Rel-17 unified TCI framework. In joint TCI update, a TCI state contains one RS that provides QCL-TypeD for PDSCH/PDCCH and UL Tx spatial filter for PUSCH/PUCCH. The DCI format can indicate one TCI state to switch the QCL-TypeD for PDSCH/PDCCH and UL Tx spatial filter for PUSCH/PUCCH. For that, we can use MAC CE to activate a few joint TCI states and map each joint TCI state to one codepoint of TCI field in DCI format.
In separate DL/UL TCI, the gNB uses DCI to indicate one DL TCI state or a UL TCI state or one pair of DL TCI state and UL TCI sate to indicate the beam for DL, UL or both DL and UL. To support that, we can use MAC CE to activate a few DL TCI states, UL TCI states or pairs of DL TCI state and UL TCI state and map one codepoint of the TCI field in DCI format to one DL TCI state or one UL TCI state or one pair of DL TCI state and UL TCI state.
[bookmark: _Hlk61800383]Proposal 15: For joint TCI update and separate DL/UL TCI update: 
· For joint TCI: Use MAC CE activate command to activate and map one joint TCI state to one codepoint of the DCI TCI field.
· For separate DL/UL TCI: Use MAC CE activate command to activate and map one DL TCI state, one UL TCI state or one pair of DL TCI state and UL TCI state to one codepoint of the DCI TCI field. 
· The TCI state update DCI format 1_1, 1_2 or 1_0 then can indicate one joint TCI state, one DL TCI state, one UL TCI state or one pair of DL TCI state and UL TCI state.
One FFS is whether default TCI state is supported when more than one TCI states are activated by MAC CE.  In our view, the default TCI state shall not be supported for the following reasons:
· Generally, when one MAC CE activating TCI states is transmitted, the system still has a ‘active’ TCI state for DL and UL, which is indicated by a previous DCI. So, there is no requirement for defining the default TCI state for the time period between that MAC CE and the first beam indication DCI after than MAC CE.
· During the time period between the very first MAC CE message and the DCI carrying beam indication, the UE can continue to use the QCL assumption and UL Tx spatial filter obtained during initial access. For that, we do not need define the default TCI state either. 
[bookmark: _Hlk61800394]Proposal 16: Do not specify default TCI state for the case when more than one TCI states are activated by MAC CE. 

Application Time of DCI-based beam indication
The issue of application time of DCI-based TCI indication was discussed and the following agreement was made:
	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)



To design the application time of a DCI-based beam indication, we shall consider the time involved at both sides of UE and gNB. An example of time line of DCI based beam indication is illustrated in Figure 3-1. 
[image: ]
Figure 3-1: time-line of DCI-based beam indication
As shown in Figure 3-1, the gNB sends one DCI indicating a TCI for DL and UL at slot n. The UE sends the ACK for the DCI indicating TCI at slot n+m.  To determine the time point of applying new TCI, we shall consider from the perspective of both UE and gNB:
· At the UE side, after the UE receives the DCI indicating a new TCI, the minimum time required by the UE before applying the new TCI shall include the time used to finish decoding that DCI and the time used to prepare and switch the DL Rx beam and/or UL Tx beam according to the new TCI.
· At the gNB side, the time point of applying new TCI shall be after the ACK to the DCI beam indication is received. After receiving the ACK, the minimum time length required by the UE before applying the new TCI includes the time used to decode the ACK and the time used to switch the DL Tx beam or UL Rx beam. The design in Alt2 is from the gNB perspective.
The design in Alt1 considers the time requirement from the UE perspective while the design in Alt2 considers the time requirement from the gNB perspective. However, we need consider the time requirement from both UE and gNB.
[bookmark: _Hlk61800411]Observation 3: The design of application time for DCI-based beam indication shall consider both the time requirement of the UE and the time requirement of the gNB.
Therefore, the design of application time of DCI-based beam indication shall consider the time requirement of both UE and gNB. The earliest time when the new TCI can be applied is not earlier than either the time when the UE finishes the DCI decoding and switching to Rx/Tx beam or the time when the gNB finishes processing the ACK to the beam indication and switching to the Tx/Rx beam of the new TCI.
[bookmark: _Hlk61800417]Proposal 17: The application time is defined as the time that can meet both Alt 1 and Alt2:
· i.e, the first slot that is at least both Y1 symbols after the DCI with the joint or separate DL/UL beam indication and Y2 symbols after the acknowledgment of the joint or separate DL/UL beam indication.

Regarding the value of beam application time for DCI-based TCI update, we made the following agreement.
	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


As we proposed in previous part, we need two values to determine the beam application time, the first value Y1 shall be based on UE capability. The UE can report the number of symbols needed for decoding DCI and then switching the DL Rx beam and UL Tx beam. It is proposed to report the same value for both downlink and uplink for simpler system operation. The second value Y2 can be a value pre-specified in the spec.   
Proposal 18: The application time for DCI-based beam indication in Rel-17:
· The value of Y1 is configured by the gNB based on UE capability reporting
· The value of Y2 is fixed and pre-defined in specification.
Regarding how to design the application time for different scenarios, we prefer not to specify application time separately for different cases:
· Downlink vs uplink: the major part of the time consumption is decoding the DCI. Thus, the time difference in switching Rx beam and switching Tx beam can be ignored. Therefore, it is preferred to use the same application time for downlink and uplink.
· Carrier aggregation: there is no difference in the requirement of time for updating beam for one CC and updating to the same beam for multiple CCs.
· Multi-panel UE: it is up to UE implementation to choose the best Rx panel(s) for downlink reception and best panel/beam for uplink reception. UE switching panel is transparent to the gNB. Thus, it is not justified to specify a different application time for multi-panel UE.
· L1/L2 inter-cell mobility: here the UE is indicated with a TCI containing a SSB of neighbor cell.  The time required (assuming the TCI state in known to the UE) for switching to new beam at either UE side or gNB side is still same to that in the case when TCI containing RS of neighbor cell is indicated. 
Therefore, the following proposal is made:
Proposal 19: For the DCI-based beam indication in Rel-17, do not differentiate application time for the following scenarios:
· uplink vs downlink TCI update
· L1/L2 inter-cell mobility 
· Carrier aggregation case
· Multi-panel UE.

4. L1/L2 Inter-cell Mobility
The following agreement was made on the work of L1/L2 inter-cell mobility:
	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


System assumptions for L1/L2-based inter-cell mobility
In NR, the inter-cell mobility is based on L3 handover procedure, which is illustrated in Figure 4-1.


Figure 4-1: inter-cell mobility procedure
As shown in Figure 4-1, the basic procedure of NR inter-cell mobility is:
1) The source gNB initiates the handover procedure and send a handover request message to the target gNB. The source gNB can identify the cell which the UE shall be moved to according to the UE RRM measurement reports. Once the source gNB determines the target gNB for handover, the source gNB sends a Handover request message to the target gNB so trigger the handover procedure. In the Handover request message, the source gNB can include the information about the current configuration of the UE, the capabilities of UE, beam level measurements, which can be used to assist the configuration of target gNB. 
2) The target gNB performs admission control. If the Handover request is accepted, the target gNB sends back a Handover request ACK to the source gNB, which contains new RRC configuration. 
3) Next, the source gNB sends a Handover command to the UE. The handover command is RRC reconfiguration signaling that forwards the RRCReconfiguration message received in the Handover request ACK receveid from the target gNB.  That RRCReconfiguration message includes the ID of the target cell and information required to access the target cell so that the UE can access the target cell without reading system information. In some cases, the information for contention-based or contention-free random access can be included in the RRCReconfiguration message too. Beam-specific information is included here too. 
4) At last, the UE moves RRC connection to the target gNB and replies the system with a RRCReconfigurationComplete message. 
In the above handover procedure, the UE first release the connection to the source cell and then access to the target cell. The connection to the target cell involves RRC configuration and random-access procedure. To reduce the inter-cell mobility interruption, DAPS (Dual Active Protocol Stack) handover was introduced. 
One FFS point for L1/L2 inter-cell mobility is whether only intra-DU operation is supported and whether inter-DU operation shall be allowed. In NR, the logical architecture of gNB can be divided into CU and DU. Generally, intra-DU operation is within the same base station site. So, random access procedure could be avoided to sync to the target cell. But inter-DU operation would need to the UE to operate a random-access procedure so that the UE can synchronize to the target cell site.  The procedure of random access would introduce large latency in inter-cell mobility. That would diminish the benefit of L1/L2-based inter-cell mobility. The same reason can be applied for the FFS on supporting inter-frequency scenario. In inter-frequency scenario, the UE would have to operate random access procedure to synchronize to the target cell and thus RACH-less inter-cell mobility can not be achieved. 
Proposal 20: For Rel-17 L1/L2 inter-cell mobility: 
· Only support intra-DU operation. 
· Do not support inter-frequency scenario
As in what is specified in inter-cell mobility, the following RRC reconfigurations are necessary during handover:
· The handover command needs carry the necessary system information of the target cell so that the UE can operate random access to the target cell. To access the target cell, the UE reads the MIB of target cell after receiving the handover command.
· We cannot assume the C-RNTI is not updated. The RRC configuration in handover command carries the RRC IE ReconfigurationWithSync, where new UE RNTI is a mandatory field because it assumes that generally C-RNTI of the UE would be changed.  The allocation of C-RNTI is cell-specific. Assuming no updating C-RNTI during inter-cell mobility would impose significant on system implementation. 
	ReconfigurationWithSync ::=         SEQUENCE {
    spCellConfigCommon                  ServingCellConfigCommon                                     OPTIONAL,   -- Need M
    newUE-Identity                      RNTI-Value,
    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
    rach-ConfigDedicated                CHOICE {
        uplink                              RACH-ConfigDedicated,
        supplementaryUplink                 RACH-ConfigDedicated
    }                                                                                               OPTIONAL,   -- Need N
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
    ]],
    [[
    daps-UplinkPowerConfig-r16      DAPS-UplinkPowerConfig-r16                                      OPTIONAL    -- Need N
    ]]
}


· The gNB needs to at least signal a new PCI to the UE to notify which cell is the target cell during handover. That implies RRC reconfiguration is needed.
Therefore, regarding the assumption of RRC configuration during inter-cell handover, we can make the following observation and proposal: 
Observation 4: During inter-cell mobility, RRC reconfiguration is needed for at least signal the following information:
· The PCI of the target cell for the UE to change the serving cell
· C-RNTI is mandatory field in RRC reconfiguration with sync
· RRC reconfiguration including the minimum system information, measurement configuration and security configuration.

Proposal 21: For Rel-17 L1/L2 inter-cell mobility, we cannot assume that there is no RRC reconfiguration.
Enhancement for L1/L2-based inter-cell mobility
As agreed in RAN1#103-e meeting, the following scope is assumed for L1/L2 inter-cell mobility work in Rel-17:
	· 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



The serving cell shall be able to provide the configuration of non-serving cell SSB of the target cell in the TCI for PDCCH, PDSCH, PUSCH and PUCCH so that the UE can receive downlink transmission from the target cell or transmit uplink data to the target cell. For uplink transmission, we shall be able to configure the non-serving cell SSB of the target cell as the path loss RS for uplink transmission. The Rel.16 has already specified the function of configuring a neighbor cell SSB as the spatial relation info for SRS resource for positioning. Particularly, parameter SSB-InfoNcell-r16 is used to configure the information of a neighbor cell SSB, where the PCID, SSB index and SSB resource information are included:
SSB-InfoNcell-r16  ::=              SEQUENCE {
    physicalCellId-r16                  PhysCellId,
    ssb-IndexNcell-r16                  SSB-Index      OPTIONAL, -- Need S
    ssb-Configuration-r16               SSB-Configuration-r16   OPTIONAL  -- Need S

SSB-Configuration-r16  ::=          SEQUENCE {
    ssb-Freq-r16                     ARFCN-ValueNR,
    halfFrameIndex-r16                  ENUMERATED {zero, one},
    ssbSubcarrierSpacing-r16            SubcarrierSpacing,
    ssb-Periodicity-r16                 ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2,spare1 }   OPTIONAL, -- Need S
    sfn0-Offset-r16                     SEQUENCE {
        sfn-Offset-r16                      INTEGER (0..1023),
        integerSubframeOffset-r16           INTEGER (0..9)        OPTIONAL  -- Need R
    }            OPTIONAL, -- Need R
    sfn-SSB-Offset-r16                  INTEGER (0..15),
    ss-PBCH-BlockPower-r16              INTEGER (-60..50)      OPTIONAL  -- Cond Pathloss
}
That can be used as the starting point to indicate target cell SSB configuration. Considering that only the target cell of inter-cell mobility will be configured for L1/L2 inter-cell mobility, it is sufficient to include the configuration of non-serving cell SSB of only one neighbor cell in the RRC configuration. To reduce the configuration signaling overhead, we do not need to include the full information of neighbor cell SSB in every DL and UL TCI state. The SSB information of the neighboring cell can be configured independently outside the TCI configuration, with an indication tag to indicate the SSB is from serving cell or neighboring cell in TCI information. For example, if the tag is neighboring cell, the UE can find the corresponding SSB via SSB configuration similar to that in SSB-InfoNcell-r16.
Proposal 22: For providing configuration of non-serving cell SSB in L1/L2 inter-cell mobility:
· The non-serving cell SSB can be configured in DL TCI and/or UL TCI to provide QCL source for downlink transmission and source for uplink spatial filter for uplink transmission.
· Only support the SSB configuration of One neighbor cell.
· The configuration information of SSB of neighbor cell excluding the SSB index is configured independently from QCL/spatial filter information.
· Reuse the signaling structure of neighbor SSB configuration specified for SRS for positioning.  
For measurement and reporting of non-serving cell SSB, the measurement of NR RRM can be reused to reduce the UE complexity. The NR RRM MeasObjectNR configures the UE to measure SSB of neighbor cells for mobility.  The target cell of inter-cell mobility is one of the neighbor cells configured in MeasObjectNR for mobility measurement. Thus, the L3 measurement results of RRM can be used by the serving gNB to select the proper SSB index of target cell for configuring TCI and/or path loss RS. Thought the MeasObjectNR, the NW can configure the UE to perform NR measurements. The NW can also configure the UE to report the following measurement information based on SSB: for instance, the measurement results per SSB, measurement results per cell based on SSB(s), and SSB indexes. That information can be used as measurement and reporting of non-serving cell SSB for TCI update. Furthermore, the purpose of configuring non-serving cell SSB is inter-cell mobility and the NR RRM measurement is for inter-cell mobility too. Therefore, it is natural to use the measurement results in NR RRM.
[bookmark: _Hlk53586017]Proposal 23: Re-use the NR RRM L3 measurement of neighbor cell SSB for L1/L2 inter-cell mobility.
The Issue of CORESET#0 in L1/L2-based inter-cell mobility
As specified in Rel-15/Rel-16, the gNB can use MAC CE to indicate one TCI state for the CORESET#0. And in the indicated TCI state for CORESET#0, the CSI-RS shall be QCLed to a SSB with respect to QCL-TypeD. For Rel-17 L1/L2 mobility, we would support TCI associated with non-serving cell RS. Therefore, for CORESET#0, we shall decide if a TCI associated with non-serving cell RS can be indicated to CORESET #0.   
Proposal 24: On the TCI state indicated to CORESET#0, determine one of the following Alts: 
· Alt1: CORESET #0 can be indicated with TCI state with non-serving cell RS
· Alt2: CORESET#0 can NOT be indicated with TCI state with non-serving cell RS
5. Multi-Panel UE 
In RAN1#103e meeting, the following agreements were made on multi-panel UE:
	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.


The spatial relation for uplink transmission is signaled through a downlink RS, a SS/PBCH block or a CSI-RS resource. Then the UE can determine the uplink Tx filter accordingly. It can be up to UE’s implementation to determine one panel used for uplink transmission. The mapping between downlink RS indicated as uplink Tx spatial filter and UE Tx panel/Tx beam shall be determined by UE implementation. The UE can determine that based on signal measurements and also requirement for transmissions. For DL beam measurement and reporting, the UE can report N CRIs or SSBRIs that corresponds to the same UE panel.  The gNB configure spatial relation for PUCCH and SRS source (the spatial relation of PUSCH is indirectly configured through SRS resource) according the DL beam reporting result. Through doing that, the UE can use one panel for DL beam measurement and then uplink transmission for a given time length. When the UE finds DL beam measurement has better performance at another panel, the UE can report Tx beam according to the measurement using the new panel and then switches to using the new panel for uplink transmission. Furthermore, we do not see justification to support NW-initiated UE panel selection/activation since the selection of UE panel shall be totally up to UE implementation.  
Observation 5: Panel selection/activation can be totally left to UE implementation and the UE can select the best panel for uplink transmission according to beam measurement.
Observation 6: NW-initiated panel selection/activation is not needed.
Based on the observations, we make the following proposals:
Proposal 25: Do not support NW-initiated panel selection/activation.
Proposal 26: No specification support is needed for UE-initiated UL panel selection/activation.
 
6. MPE Issue
Regarding the MPE issue, we made the following agreements in RAN1#103-e meeting:
	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


For uplink transmission, the UE can determine its maximum output power PCMAX,f,c.  As specified in 38.101-2, in FR2, the UE determines the value of PCMAX,f,c such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
where PPowerclass is the UE power class and EIRPmax is the applicable maximum EIRP. P-MPRf,c is the allowed maximum output power reduction. The UE shall apply P-MPRf,c for carrier f of serving cell c to ensure compliance with applicable electromagnetic power density exposure requirements. In Rel-16,  UE capability maxUplinkDutyCycle-FR2 is defined to specify the UE capability of facilitating electromagnetic power density exposure requirements. If the percentage of uplink symbols transmitted within any 1 second evaluation period is larger than maxUplinkDutyCycle-FR2, the UE can apply the allowed maximum output power reduction P-MPR in determining PCMAX,f,c.
For each particular value of , the UE choose a value within those two bounds based on the uplink transmission duty cycle. If the UE transmits uplink with higher duty cycle, the UE would choose a smaller value and if the UE transmits uplink with lighter duty cycle, the UE could choose a large value within the bounds.
[bookmark: _Hlk53586810]Observation 7: For a given P-MPR value, the actual power back value is a variable value, which is determined by uplink transmission duty. 
As specified in Rel-16, the UE can report a P-MPR through MAC CE to the network. When the P-MPR applied to meet the MPE requirement is more than or equal to a mpe-threshold for one serving cell, the UE can trigger MPE P-MPR reporting for that serving cell. In the unified TCI framework of Rel-17, a UL TCI is indicated to provide common spatial filter for PUSCH and PUCCH. Thus, the P-MPR reported in MAC CE specified in Rel-16 can be understood as the P-MPR value that the UE applies on the current UL TCI used for uplink transmission.  If the reported P-MPR is large, the gNB can choose to switch the UE to another uplink transmit beam.
One aspect we can enhance the performance of MPE issue is that the UE can report the P-MPR value for all the activated uplink transmit beams. The gNB can use DCI to dynamically indicate a uplink transmit beams according to the possible power back off. In the unified TCI framework of Rel-17, the gNB first use MAC CE to activate a set of UL TCI states for uplink transmission and then the gNB uses DCI to dynamically indicate one of those UL TCI state for PUSCH and PUCCH transmission. The UE can report the P-MPR value for each of those activated UL TCI states. 
Proposal 27: Support the UE to report a P-MPR value for one activated UL TCI state 
· This is subject to UE capability.
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Figure 6-1
An example of the proposed method is illustrated in Figure 6-1. The gNB uses MAC CE to activate UL TCI-1, TCI-2 and TCI-3 for PUSCH and PUCCH transmission of UE-A. The gNB would use DCI to dynamically indicate one of those activated UL TCI in the unified TCI framework. Then the UE can determine the P-MPR for each UL TCI by assuming the UL TCI is applied on uplink transmission and considering duty cycle of uplink transmission, i.e., the percentage of uplink symbols transmitted within 1 second as specified in RAN4. Please note the P-MPR value for one TCI would be time-variable because the uplink duty could change along time and the emission requirement on each direction could change along time too. The UE reports the P-MPR value for each of the UL TCI-1, TCI-2 and TCI-3 to the gNB. 
Another aspect we can enhance to resolve the MPE issue is beam measurement and reporting. In the L1-RSRP or L1-SINR based beam measurement and reporting specified in Rel-15/Rel-16, the UE reports the CRI or SSBRI with the ‘best’ downlink radio link performance, for instance the largest L1-RSRP or largest L1-SINR. For uplink transmission, if the UE applies the same P-MPR on all the UL TCI, the best CRI/SSBRI reported would also provide the best uplink spatial filter. But if the UE is able to apply different P-MPR on different UL TCI, a best CRI/SSBRI with largest L1-RSRP might not provide the best uplink spatial filter due to possible larger P-MPR value.  Thus, the current beam measurement and reporting mechanism cannot support the gNB to choose the best UL TCI for PUSCH/PUCCH when the UE is able to apply different P-MPR. To resolve that issue, we can include the P-MPR information in beam measurement and reporting. The UE reports a P-MPR value for each reported CRI or SSBRI.  When a UE measures a set of CSI-RS resources or SS/PBCH blocks for beam management, the UE can measure the L1-RSRP or L1-SINR of each resource and the UE also determines the P-MPR value by assuming the beam corresponding to that CSI-RS resource or SS/PBCH block is used for uplink transmission. The gNB can use such information to determine the best uplink Tx beam. 
Proposal 28: After measuring a set of CSI-RS resources or SS/PBCH blocks for beam management, the UE reports a CRI/SSBRI, L1-RSRP or L1-SINR measurement and a P-MPR corresponding to the reported CRI/SSBRI.
7. Issue 6: Advanced Beam Refinement/Tracking
As agreed in RAN1#102e, for Rel.17 FeMIMO, we can study and if needed specify features for beam tracking and refinement latency reduction, especially for the scenarios with high-speed UEs and large number of configured TCI states. It can include the features that can reduce the overhead and latency of beam refinement to select narrower beams and beam tracking to reduce the overhead and latency of TCI updating. In this section, two features are proposed to reduce the overhead and latency of beam switching and TCI state tracking.
UE-based beam switching
In Rel.15 and Rel.16, the beam switching of PDCCH/PDSCH and PUSCH and PUCCH are always initiated by the gNB. As specified in Rel.15 and Rel.16, the gNB use MAC CE to switch the TCI state for PDCCH, and MAC CE/DCI to activate and switch the TCI state for PDSCH. Likewise, the gNB can use MAC CE to switch the spatial relation info for PUCCH and PUSCH and associated SRS resources for PUSCH transmission. For Rel.17 FeMIMO, the dynamic TCI state update is also initiated by the gNB. 
Figure 7-1 illustrates the procedure of NW-initiated beam switch that is specified in Rel.15 and Rel.16. 
[image: ]
Figure 7-1: NW-initiated beam switch
As shown in the procedure in Fig 7-1, even though the UE knows which beam is the best beam for DL transmission and/or uplink transmission by measuring the CSI-RS resources for beam management, the UE still need to wait for the beam switch command (for instance MAC CE command that indicates or activates TCI state for PDCCH/PDSCH or MAC CE command that indicates spatial relation info for PUSCH or PUCCH). That introduces both extra signaling overhead and latency for beam switch.
To resolve that issue, we propose to study UE-initiated beam switch. A general procedure for UE-initiated beam switch is given in Figure 7-2. 
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Figure 7-2: UE-initiated beam switch
Similar to the multi-beam operation specified in Rel.15 and Rel.16, the gNB first configures the UE to measure a set of CSI-RS resources for beam management. According to the configuration information, the UE can measure the CSI-RS resources for BM and then select the ‘best’ beam for DL transmission and/or UL transmission according the metric for instance L1-RSRP or L1-SINR.  Then the UE can indicate the selected ‘best’ beam to the NW and both gNB and UE switch the beam starting from a given time point after that. Compared with NW-initiated beam switch, the UE-initiated beam switch does not need beam reporting and DL signaling for TCI switch. 
Proposal 29: Study to support UE-initiated beam switch in Rel.17. 
Fast beam refinement in unified TCI framework
The bottleneck for TCI switch is how fast a UE can track one beam and how fast the UE can determine the ‘best’ Rx beam for the indicated TCI. In unified TCI framework, the gNB can indicate one TCI state to provide common QCL information for PDCCH and PDSCH and/or common spatial filter for PUSCH and PUCCH. To minimize the latency of applying a newly indicated TCI state, the gNB shall provide assistance to the UE so that the UE is able to track the TCI state immediately after the TCI state is indicated.
To support that, we can configure the association between a set of CSI-RS resources for beam management and the indicated TCI state providing common QCL and/or spatial filter. The latest indicated TCI is always applied to that set of CSI-RS resources. When a new TCI state is indicated, that set of CSI-RS resources can be triggered along with the TCI state indication so that the UE can refine Rx beam with respect to the latest TCI. A procedure for that is illustrated in Figure 7-3.  
[image: ]
Figure 7-3: Fast beam refinement in unified TCI framework


Proposal 30: Support to associate a CSI-RS resource set with repetition = ‘On’ with the common QCL information and common TCI update in unified TCI framework to reduce the latency of beam refinement. 

8. Conclusion
In this contribution, we presented our views on enhancement for multi-beam operation. Based on the discussion, the following proposals and observations are provided:
Proposal 1: For joint DL/UL TCI update:
· The pool of TCI states specified in Rel-15/16 is reused and each TCI state use the QCL-TypeD RS to provide QCL-TypeD information for PDCCH/PDSCH and UL spatial Tx filter for PUSCH/PUCCH.
· The QCL-TypeD RS also provides the path loss RS for PUSCH/PUCCH.

Proposal 2: For separate DL and UL TCI update:
· Two separate TCI state pools are used for DL TCI state and UL TCI states
· Each UL TCI state contains one RS providing the UL Tx spatial filter and one RS providing path loss RS.

Proposal 3: In Rel-17 unified TCI framework, support M = 1 TCI state to provide common QCL information for UE-dedicated PDSCH and PDCCH and N = 1 TCI state to provide common UL spatial filter for UE-dedicated PUCCH and PUSCH. 
Proposal 4: In Rel-17 unified TCI framework, the common QCL information is also applied to:
· the CSI-RS resource for CSI acquisition 
· and some CSI-RS resource set with repetition = ‘On’.

Proposal 5: In Rel-17 unified TCI framework, the common UL Tx spatial filter is also applied to one SRS resource set for beam management.

Proposal 6: In Rel-17 unified TCI framework, path loss RS is configured in each TCI state providing UL TCI:
· In joint DL/UL TCI state: the QCL-TypeD RS is used as the path loss RS

Proposal 7: In Rel-17 unified TCI framework:
· Each TCI state providing UL TCI is associate with a set of {P0, alpha, closed-loop index} for PUSCH and a set of {P0, closed-loop index} for PUCCH
· {P0, alpha, closed-loop index} is configured to one SRS resource set.

Proposal 8: The function of providing common QCL information and common UL Tx spatial filters for multiple CCs shall be supported for both intra-band CA and inter-band CA case, which is subject to UE capability.

Proposal 9: For the function of common QCL and common UL Tx spatial filter across CCs, 
· Support configuring TCI state pool per individual CC
· The TCI states with same TCI state ID in those configured CCs shall be configured with the same RS providing QCL-TypeD and the same RS providing UL Tx spatial filter.
Proposal 10: The Rel-17 common beam update of multi-CCs provides common QCL to all the UE-specific PDCCH/PDSCH and common UL Tx spatial filter to all the UE-specific PUSCH/PUCCH and SRS for codebook/non-codebook/antenna switch. 

Observation 1: Per the NR HARQ-ACK feedback design, the UE reports NACK bit even when the DCI format 1_1 or 1_2 is not received correctly by the UE.
Observation 2: The NACK bit to PDSCH scheduled by a DCI format 1_1 or 1_2 with beam indication cannot be used as the acknowledge to the beam indication

Proposal 11: If a DCI format 1_1 and 1_2 with PDSCH assignment is used to indicate common TCI, the acknowledgement to the TCI state update is the HARQ-ACK of the PDSCH scheduled by that DCI.

Proposal 12: Support use DCI format 1_1 and 1_2 without PDSCH assignment to indicate TCI update.
· A DCI format 1_1 or 1_2 scrambled with CNTI for TCI state indication is used to indicate TCI update without PDSCH assignment.
· UE reports HARQ-ACK in response to such a DCI carrying TCI update.

Proposal 13: support to re-use DCI format 1_0 to indicate TCI update in unified TCI framework
· A DCI format 1_0 scrambled with RNTI for TCI state indication is used to indicate TCI update.
· UE reports HARQ-ACK to a DCI format 1_0 carrying TCI update.

Proposal 14: Do not support to use DCI format 0_0, 0_1 and 0_2 to indicate TCI update. 

Proposal 15: For joint TCI update and separate DL/UL TCI update: 
· For joint TCI: Use MAC CE activate command to activate and map one joint TCI state to one codepoint of the DCI TCI field.
· For separate DL/UL TCI: Use MAC CE activate command to activate and map one DL TCI state, one UL TCI state or one pair of DL TCI state and UL TCI state to one codepoint of the DCI TCI field. 
· The TCI state update DCI format 1_1, 1_2 or 1_0 then can indicate one joint TCI state, one DL TCI state, one UL TCI state or one pair of DL TCI state and UL TCI state.
Proposal 16: Do not specify default TCI state for the case when more than one TCI states are activated by MAC CE. 

Observation 3: The design of application time for DCI-based beam indication shall consider both the time requirement of the UE and the time requirement of the gNB.

Proposal 17: The application time is defined as the time that can meet both Alt 1 and Alt2:
· i.e, the first slot that is at least both Y1 symbols after the DCI with the joint or separate DL/UL beam indication and Y2 symbols after the acknowledgment of the joint or separate DL/UL beam indication.

Proposal 18: The application time for DCI-based beam indication in Rel-17:
· The value of Y1 is configured by the gNB based on UE capability reporting
· The value of Y2 is fixed and pre-defined in specification.

Proposal 19: For the DCI-based beam indication in Rel-17, do not differentiate application time for the following scenarios:
· uplink vs downlink TCI update
· L1/L2 inter-cell mobility 
· Carrier aggregation case
· Multi-panel UE.

Proposal 20: For Rel-17 L1/L2 inter-cell mobility: 
· Only support intra-DU operation. 
· Do not support inter-frequency scenario

Observation 4: During inter-cell mobility, RRC reconfiguration is needed for at least signal the following information:
· The PCI of the target cell for the UE to change the serving cell
· C-RNTI is mandatory field in RRC reconfiguration with sync
· RRC reconfiguration including the minimum system information, measurement configuration and security configuration.

Proposal 21: For Rel-17 L1/L2 inter-cell mobility, we cannot assume that there is no RRC reconfiguration.

Proposal 22: For providing configuration of non-serving cell SSB in L1/L2 inter-cell mobility:
· The non-serving cell SSB can be configured in DL TCI and/or UL TCI to provide QCL source for downlink transmission and source for uplink spatial filter for uplink transmission.
· Only support the SSB configuration of One neighbor cell.
· The configuration information of SSB of neighbor cell excluding the SSB index is configured independently from QCL/spatial filter information.
· Reuse the signaling structure of neighbor SSB configuration specified for SRS for positioning.  

Proposal 23: Re-use the NR RRM L3 measurement of neighbor cell SSB for L1/L2 inter-cell mobility.

Proposal 24: On the TCI state indicated to CORESET#0, determine one of the following Alts: 
· Alt1: CORESET #0 can be indicated with TCI state with non-serving cell RS
· Alt2: CORESET#0 can NOT be indicated with TCI state with non-serving cell RS

Observation 5: Panel selection/activation can be totally left to UE implementation and the UE can select the best panel for uplink transmission according to beam measurement.
Observation 6: NW-initiated panel selection/activation is not needed.

Proposal 25: Do not support NW-initiated panel selection/activation.
Proposal 26: No specification support is needed for UE-initiated UL panel selection/activation.

Observation 7: For a given P-MPR value, the actual power back value is a variable value, which is determined by uplink transmission duty. 

Proposal 27: Support the UE to report a P-MPR value for one activated UL TCI state 
· This is subject to UE capability.

Proposal 28: After measuring a set of CSI-RS resources or SS/PBCH blocks for beam management, the UE reports a CRI/SSBRI, L1-RSRP or L1-SINR measurement and a P-MPR corresponding to the reported CRI/SSBRI.
Proposal 29: Study to support UE-initiated beam switch in Rel.17. 
Proposal 30: Support to associate a CSI-RS resource set with repetition = ‘On’ with the common QCL information and common TCI update in unified TCI framework to reduce the latency of beam refinement. 
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