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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#105-e meeting, the Rel. 17 NR FeMIMO WID [1][6] was discussed. A long list of agreements was achieved [2] on the topic of enhancement on multi-beam operation.  The agreements cover multiple issues. In this contribution, we present our views on some of the issues and proposals for moving forward.

Unified TCI Framework
In this section, we discuss the topics on TCI state pool for separate DL and UL beam indication, supporting multiple simultaneous active TCI states, and enhancements on contents of TCI states.
[bookmark: _Hlk64558376][bookmark: _Ref52454871]TCI State Pool for Separate DL and UL Beam Indication 
In RAN1#103-e meeting, the following was agreed regarding the TCI state pool.
	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).
· [bookmark: _Hlk58598774]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 




In RAN1#104-e meeting, the topic of TCI state pool for separate DL and UL beam indication was discussed but there is no agreement achieved.
[bookmark: _Hlk60991994]There are two ways to construct TCI state pools for separate DL and UL TCI state update (beam indication). The two alternatives are as follows:
· Alt. 1: Separate TCI state pools for DL and UL, e.g., one for DL and one for UL 
· Alt. 2: One single joint TCI state pool for both DL and UL
Figure 1 illustrates the two alternatives to construct TCI state pool(s) for separate DL and UL TCI state update (beam indication).  In Figure 1, each circle represents a source RS in the TCI state pool, and blue and green color indicate source RS for DL and UL, respectively.  Please note that what is shown in Figure 1 is only an illustrative example.
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[bookmark: _Ref52378257]Figure 1: Two alternatives to construct TCI state pool(s) for separate DL and UL beam indication
In our opinion, Alt. 1 has some advantages over Alt. 2.  In Rel. 15/16 under the spatial relation framework, SRS has already been used as a source RS to indicate UL TX spatial filter.  With the introduction of UL TCI state, it is necessary to also include SRS as one of the source RS for UL TCI state.  However, it is unclear the benefit of using SRS as a source RS for DL TCI state.  Given that the SRS may only be used as a source RS for UL TCI state, the content of UL TCI state and DL TCI state could be different, and it will be infeasible to use the DL TCI states also as UL TCI states.  Therefore, the number of TCI states in the single joint TCI state pool in Alt. 2 will be larger than the number of TCI states in each of the separate TCI state pools in Alt. 1.  For Alt. 2, with the larger number of TCI states in the single joint TCI state pool, the MAC CE that is used to select and activate a subset of TCI states from the pool thus needs to be changed to accommodate the larger number of TCI states.  For Alt. 1, the existing MAC CE design can be reused since the number of TCI states in each of the separate TCI state pools can be kept under the current limit of 128.
Based on the above analysis, we have the following proposal:
Proposal 1: FeMIMO supports separate TCI state pools for DL and UL for separate DL and UL TCI state update (beam indication).  
[bookmark: _Ref58854735]Support Multiple Simultaneous Active TCI States 
There have been some discussions on the supported number of simultaneous active TCI states (e.g., M=1 or M>=1 for DL and N=1 or N>=1 for UL) in RAN1#102-e, #104-e, and #105-e meetings.  With multiple simultaneous active TCI states, we are referring to the cases where multiple DL, UL, or joint DL/UL TCI states are indicated in one instance of beam indication DCI.  In RAN1#104-e and #105-e meetings, the group arrived at the following conclusion and agreement.  In this subsection, we present our views on this topic.
	Conclusion
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).
For M>1:
· DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:
· UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant(s)/configured-grant(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
· Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).
Note: Other TCI types/terms such as “common TCI” are not used.

Agreement
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope



Support of two active TCI states for mTRP has been defined in Rel. 16; including both single DCI and multi-DCI cases.  In single DCI case, MAC CE [3] was enhanced to enable the mapping of two TCI states to one TCI codepoint such that one TCI codepoint in DCI TCI field can indicate two different TCI states, one for each TRP.  In multi-DCI case, the coresetPoolIndex [4] in the ControlResourceSet information element can be used to differentiate TCI states for different TRP. 
In Rel. 17, FeMIMO also targets further enhancement on the support for mTRP deployment. FeMIMO should, therefore, also support multiple simultaneous active TCI states.
[bookmark: _Hlk77680571]In addition to the mTRP case, support of multiple simultaneous active TCI states can also enable CORESET beam diversity.  In this case, the same DCI may be transmitted on multiple CORESETs, each of which utilizes a different beam, to improve the reliability of the PDCCH.  The UE, with the support of multiple simultaneous active TCI states, can then receive multiple copies of the DCI using different RX spatial filters and thus improve the reliability of the PDCCH.  Another way of improving the reliability of the PDCCH is to transmit different DCI over time on different CORESETs; e.g., by taking turns on different CORESETs. 
Another aspect to be considered is related to beam failure detection and recovery.  In Rel. 15/16, the UE monitors periodic CSI-RS’s that are QCLed with PDCCH DMRS with respect to 'QCL-TypeD' for beam failure detection purpose.  These periodic CSI-RS’s are referred to as beam failure detection reference signals (BFD-RS’s).  There could be multiple BFD-RS’s corresponding to multiple CORESETs.  The UE monitors the quality of the BFD-RS’s and derives hypothetical PDCCH BLER’s.  When a hypothetical PDCCH BLER is higher than a threshold for a number of consecutive instances, the corresponding BFD-RS is viewed as failed.  A beam failure recovery (BFR) is triggered when all the BFD-RS’s fail.
[bookmark: _Hlk60933293][bookmark: _Hlk60933210]If the Rel. 17 unified TCI framework supports M>1 TCIs such that each of the TCI provide QCL information for UE-dedicated reception on a subset of CORESETs in a CC, then the QCL relationship between BFD-RS’s and CORESET’s can be defined as in Rel. 15/16 where the BFD-RS are QCLed with PDCCH DMRS with respect to 'QCL-TypeD'.  However, if the Rel-17 unified TCI framework supports only M=1 TCI and the TCI provide QCL information for UE-dedicated reception on all of CORESETs in a CC, then it is difficult to define the QCL relationship between BFD-RS’s and CORESETs since there is only one beam available for all the CORESETs.  Figure 2 illustrates examples for (a) multiple beams covering multiple CORESETs and (b) one beam covering all CORESETs.
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[bookmark: _Ref61512642]Figure 2: Examples showing (a) multiple beams covering multiple CORESETs and (b) one beam covering all CORESETs
One way to support M > 1 TCIs, each of which provides QCL information for UE-dedicated reception on a subset of CORESETs, is as follows: When a UE receives a DCI for DL beam indication, the source reference signal(s) in the DL TCI(s) provide QCL information for UE-dedicated reception on PDSCH and for UE-dedicated reception on the associated CORESET (e.g., the CORESET that the DCI is carried on).  This way, after the UE receives multiple DCIs over multiple CORESETs for DL beam indications, the UE will have information on the multiple DL TCIs (e.g., M >1) for the multiple CORESETs.  The TCI(s) for the PDSCH, on the other hand, just follows the one(s) indicated in the DCI, without being expanded by the TCIs for the multiple CORESETs.  With this method, the TCIs for the multiple CORESETs can be updated through L1-based signaling, instead of RRC and MAC CE as in Rel. 15/16, thus reducing latency and overhead.
Based on the above analysis, we have the following proposal:
Proposal 2: FeMIMO supports at least the following use cases for M>1 and/or N>1: support of mTRP and support of CORESET beam diversity.
[bookmark: _Hlk58854786]Proposal 3: FeMIMO supports multiple simultaneous active TCI states at a UE.  The source reference signal(s) in DL TCI(s) in a DCI provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on the CORESET(s) associated with the DCI (e.g., the CORESET(s) that the DCI is carried on).
Signaling Mechanism for M>1 and/or N>1 
In RAN1#104b-e and RAN1#105-e meetings, the following was agreed regarding the L1-based TCI state update (beam indication) for the unified TCI framework.
	Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.

Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1



[bookmark: _Hlk77682481]Based on the above agreements, DCI formats 1_1 and 1_2 (with/without DL assignment) are the bases for Rel. 17 L1-based beam indication for unified TCI framework.  As indicated in the agreements, the existing TCI field (always present) is used to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI).  Furthermore, as discussed in Section 2.1, our preference is to support separate TCI state pools for DL and UL.  In the following we will discuss how to indicate multiple TCI states (for the cases of M>1 and/or N>1) in one instance of beam indication DCI.  In the following discussions, we have the assumption that DL TCI states and joint DL/UL TCI states are in one TCI state pool (e.g., DL/joint TCI state pool), while UL TCI states are in a separate TCI state pool (e.g., UL TCI state pool).
As discussed in Section 2.2, Rel. 17 FeMIMO should support multiple simultaneous active TCI states (e.g., for cases of M>1 and/or N>1) at a UE.  To support indication of multiple TCI states for the cases of M>1 and/or N>1 in one instance of beam indication DCI, the Rel. 16 “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” [3] can be enhanced to achieve that goal.  Figure 3 shows an example of the enhanced UE-specific MAC CE for TCI states activation/deactivation for cases of M>1 and/or N>1.  In this example, the number of TCI states (e.g., the value of M and/or N) mapped to a single TCI codepoint is higher layer configured, e.g., through RRC configuration.  The function of the original bits “Ci” and “R” are modified to indicate whether the corresponding TCI state indicated in the same octet is from the DL/joint TCI state pool or the UL TCI state pool.  As shown in Figure 3, multiple TCI states are mapped to one TCI codepoint and the number of TCI states mapped to one TCI codepoint is higher layer configured.  This way, one MAC CE can activate multiple TCI states, and M (or N) TCI states are mapped to one of the 8 TCI codepoints.  If the UE is configured with separate DL/UL TCI, some of these TCI states can be DL-only TCI states, and some can be UL-only TCI states.  IF the UE is configured with joint TCI, the TCI states will be joint DL/UL TCI states.  The 3-bit TCI field in the DCI can then be used to indicate one TCI codepoint (and its mapped M/N TCI states) for beam indication.
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[bookmark: _Ref77681944]Figure 3: Example of enhanced UE-specific MAC CE for TCI states activation/deactivation for cases of M>1 and/or N>1
As discussed in Section 2.2, the cases of M>1 and/or N>1 can be applied to two main use cases: support of M-TRP and support of CORESET beam diversity.  How to utilize the example shown in Figure 3 to support the two use cases are described as follows:
· For support of M-TRP with single DCI, each of the multiple (e.g., 2) TCI states mapped to one TCI codepoint is corresponding to each of the two TRPs, respectively.
· For support of M-TRP with multiple DCIs, the “R” bit in the first octet in the MAC CE can be used to indicate the coresetPoolIndex to which the mapping between the TCI states and the TCI codepoint specified in the MAC CE should be applied.
· For support of CORESET beam diversity, each of the multiple DL/joint TCI states mapped to one TCI codepoint is corresponding to each of the multiple CORESETs, respectively.  The TCI state for UE-dedicated receptions on PDSCH can be, for example, set as the first TCI state mapped to the TCI codepoint. 
Note that in the example shown in Figure 3, if two TCI states are mapped to one TCI codepoint, and if the two MSBs of the two octets used to indicate the two TCI states are different, e.g., one (Ci) indicates the TCI state is from the DL/joint TCI state pool while another, say, R, indicates the corresponding TCI state is from the UL TCI state pool, their mapped TCI codepoint can be used to signal both DL TCI state and UL TCI state in one instance of beam indication DCI. 
Based on the above analysis, we propose the following:
Proposal 4: For DCI formats 1_1 and 1_2 for beam indication, support enhanced UE-specific MAC CE for TCI states activation/deactivation, where one TCI codepoint can be mapped to one or multiple TCI states.  Different TCI codepoint can be mapped to TCI state(s) from different TCI state pool.  TCI states mapped to one TCI codepoint can be from the same or different TCI state pool. 
Enhancements on Content of TCI States 
[bookmark: _Hlk52543376]In Rel. 16, the content of the TCI states is defined in the TCI-State information element [4].  To support enhancements on multi-beam management in Rel. 17, the content of the TCI states should also be enhanced.  Table 1 shows exemplary enhancements on content of TCI state.  In Table 1, the red parts are the proposed additions/modifications to the TCI-state information element and include the following:
· physCellId: this is the PCI of the serving cell or non-serving cell.  With the PCI info added to the TCI state, the TCI states of non-serving cell can also be configured for the UE, which could enable the UE with faster candidate beam identification and BFR utilizing the non-serving cell’s beams.  
· groupID: in mTRP case, this ID could serve as the TRP identification.  With this ID, the UE can, for example, identify the TRP source of the CSI-RS.  The UE can then avoid reporting multiple beams from the same TRP to facilitate inter-TRP beam pairing, because it is not feasible for one TRP to transmit multiple beams simultaneously in FR2.  
· srs: this is the SRS resource identification.  In Rel. 15/16, under the spatial relation framework, SRS has already been used as a source RS to indicate UL TX spatial filter.  With the introduction of UL TCI state, it is necessary to also include SRS as one of the source RS for UL TCI state.  
[bookmark: _Ref52540126]Table 1: Examplary enhancements on content of TCI state
	TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    physCellId                          PhysCellId                                                  OPTIONAL,   
    groupId                             GroupId                                                     OPTIONAL,   
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index,
        srs                                 SRS-ResourceId
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP




Based on the above analysis, we propose the following: 
Proposal 5: FeMIMO supports enhancements on the content of TCI state, including the addition of PCI, groupID, and srs to the content of the TCI state.

L1/L2-centric Inter-cell Beam Management
In RAN#92-e meeting, the Rel. 17 NR FeMIMO WID was discussed revised [6].  The main changes were on the objective related to inter-cell beam management as shown below. 
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher intra- and L1/L2-centric inter-cell mobility UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management



Furthermore, in RAN#92-e meeting, the following WF and conclusion were also endorsed [7].
	On the scope of Rel-17 NR_FeMIMO:
1. [bookmark: _Hlk77851004]RAN confirms that inter-cell mTRP in RAN1 work only considers multi-DCI and multi-PDSCH reception (per WI objective). Any scheme tailored for reception of a single PDCCH and/or a single PDSCH is not supported in Rel-17 mTRP.
2. Regarding scope and workflow of L1/L2-centric inter-cell beam management for multi-beam enhancement, for Rel-17:
a. Only scenario for inter-cell-mTRP-like model (with no change in serving cell) will be considered in Rel-17. 
· Scenarios where change in serving cell via a L1/L2-triggered handover scheme are not considered in Rel-17 and may be considered in Rel-18
· Further discuss how to clarify the Rel-17 objectives associated with scenario 1 for L1/L2-centric inter-cell beam management (during later round(s))
b. Only intra-DU and intra-frequency scenarios will be considered in Rel-17 (excluding inter-DU or inter-frequency scenarios) 
c. In RAN1#106-e, conclude on the synchronization and the timing advance assumptions between the cells

Conclusion:
For Rel-17 NR_FeMIMO, the objectives associated with scenario 1 of L1/L2-centric inter-cell beam management (with no change in serving cell) for multi-beam enhancement are:
· [bookmark: _Hlk77850717][RAN1] Specify features for inter-cell beam management where a UE can transmit to or receive from only a single cell, including L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
· The beam indication is based on Rel-17 unified TCI framework
· The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
· [bookmark: _Hlk77840266]Note: RAN1 is to discuss the details (e.g. applicable channels/signals) regarding “a UE can transmit to or receive from only a single cell” in RAN1#106-e meeting.
· [RAN2] Specify impacts to MAC (if any) and RRC concerning inter-cell beam management (including signaling, measurement configuration and TCI state switching) only for scenario 1 (allowing extensions in future releases, e.g., for scenario 2).
· There is no impact to serving cell (i.e. serving cell does not change when beam selection is done) when UE is configured with inter-cell beam management.
· [RAN1/2] Specify UE capabilities for inter-cell beam management
· [RAN3] Specify inter-node signaling between CU and DU to enable inter-cell beam management if any.
· [RAN4] Specify UE requirements for inter-cell beam management
· This work shall only consider intra-DU and intra-frequency cases 
· Note: See R2-2106787 for description of scenario 1 and scenario 2



Specifically, it asked RAN1 to conclude in RAN1 #106-e meeting on the synchronization and the timing advance assumption between the cells for L1/L2-centric inter-cell beam management for multi-beam enhancement for Rel-17.  It also asked RAN1 to discuss the details (e.g. applicable channels/signals) regarding “a UE can transmit to or receive from only a single cell” in RAN1#106-e meeting.
Synchronization and Timing Advance Assumption 
Considering the fact that the CP length for FR2 is much shorter than that for FR1 due to the use of larger subcarrier spacing, it is possible that the timing difference between signals from different cells is larger than the CP length.  Therefore synchronization between the cells may not be assumed for L1/L2-centric inter-cell beam management.
In addition, for UL timing advance, detailed analysis and evaluations (see [8]) show that a UE may need to apply different timing advance offsets for different cells for L1/L2-centric inter-cell beam management. Note that a TA offset is relative to a certain DL timing, such as DL OFDM symbol starting time (based on the strongest path, or first path, or up to UE implementation) or the like, and the DL timing is referred to as the UL TA reference timing. The key observation from the detailed analysis in [8] is that, with only one UL TA offset and/or only one UL TA reference timing, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than the TRP timing synchronization difference or propagation delay difference. Thus, the UL timing issue is a much more severe issue than DL timing issue. In other words, even if the M-TRP signals in DL can be fit into one CP length, this will not be the case for UL in general. For example, if the DL timings at the UE side have a difference of 2 us, which may be within the CP length for 15 kHz SCS, the UL timing error seen at the TRP side may become 4 us, which is comparable to the CP length and can degrade the performance. UL TA needs to adopt multiple TA offsets (i.e., TRP-specific TA offsets) and multiple UL TA reference timings (i.e., TRP-specific reference timings to be used for the respective UL transmissions). 
Based on the above analysis, we propose the following: 
Proposal 6: For L1/L2-centric inter-cell beam management, FeMIMO supports different timing advance offset and reference timing for different cell.
Applicable Channels/Signals Regarding “a UE can transmit to or receive from only a single cell” 
As indicated in the endorsed conclusion above from RAN#92-e meeting, RAN1 is to specify features for inter-cell beam management where a UE can transmit to or receive from only a single cell, including L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s).  However, it is unclear what channels/signals are applicable regarding “a UE can transmit to or receive from only a single cell”.  
In RAN1#104-e meeting, it was agreed to support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s).  To support SSB of non-serving cell(s) as a measurement RS, the UE needs to be able to receive SSB(s) from non-serving cell(s) in addition to SSB from serving cell.  Therefore, the applicable channels/signals regarding “a UE can transmit to or receive from only a single cell” should not include SSB(s), which is not UE-specific.  In our opinion, for inter-cell beam management work in RAN1, the applicable channels/signals regarding “a UE can transmit to or receive from only a single cell” are the UE-specific data/control channel(s).
Based on the above analysis, we propose the following: 
Proposal 7: For L1/L2-centric inter-cell beam management, the applicable channels/signals regarding “a UE can transmit to or receive from only a single cell” are the UE-specific data/control channel(s).

Beam Management with Reduced DL Signaling to Reduce Latency
In RAN1#105-e meeting, the following was agreed regarding enhancements to facilitate advanced beam refinement/tracking.
	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:
· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6
· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)
· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update



For very high mobility scenarios, the propagation channel varies at faster rate, existing beam gets blocked and new beam appears more frequently. If beam management and indication could response fast enough to utilize the stronger channel and new beam, system performance can be improved. Beam updating decision is made by the network based on the beam measurement report performed and sent by the UE, e.g. L1-RSRP or L1-SINR. Often the measurement results are not filtered so it is an instantaneous indication of channel conditions or beam directions. We may consider update common beam without signalling in this case. For example, network may configure PDCCH search space on extra CORESET without QCL assumption initializations. After the UE sends beam measurement report on the uplink, the UE performs extra blind decoding of the PDCCH from search space on the extra CORESET with candidate QCL-Type-D assumption. The candidate QCL-Type-D assumption may be derived from the latest measurement report sent. Both the network and the UE derive the same candidate QCL-Type-D assumption by following the same agreed scheme. The network may or may not utilize the candidate QCL-Type-D assumption for common beam transmission.  This scheme is for Opt 1-A as listed in the agreements.
To illustrate the latency reduction for beam indication based on the proposed method, Figure 4 shows the beam indication procedure for (a) dynamic beam update based on beam report (proposed method); and (b) existing schemes.  In Figure 4 (b), it  is assumed that the candidate beam reported in the UE’s L1-RSRP/L1-SINR report is not in the original TCI state pool so that the gNB needs to perform RRC reconfiguration of the TCI state pool, which incurs a latency of about 10 ms.  Also, according to [5], if the target TCI state is not in the active TCI state list for PDSCH, additional latency due to waiting for the first SSB transmission after MAC CE command is needed, which is indicated by the SSB transmission shown in Figure 4 (b).  This latency depends on the period of the SSB with a typical value of 20 ms.  Comparing Figure 4 (a) and (b), we observe that the propsed method can reduce the latency by approximately 30 ms from the existing schemes. The saving in latency of about 30 ms by the proposed method comes mainly from removing the RRC reconfiguration of TCI state pool (~10 ms) and removing the SSB waiting time (~20 ms).  With this latency reduction, the latency for beam indication can be reduced by about an order of magnitude by the proposed method. 
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	(b)


[bookmark: _Ref58941569]Figure 4: Beam indication	procedure for (a) Dynamic beam update based on beam report; and (b) Existing schemes
Regarding Option 1-B and Option 1-C, we have the following concerns:
· Option 1-B: To our understanding, the key idea of Option 1-B is for the beam indication to automatically trigger beam measurement and reporting from the UE such that additional signaling is not needed to save overhead and latency.  However, it is noted that even if CSI-RS transmission and measurement can be triggered implicitly by DCI-based beam indication, for aperiodic report sent on PUSCH, UL DCI is still needed to schedule PUSCH.  So it is unclear how the overhead can be saved.
· Option 1-C: To our understanding, the key idea of Option 1-C is to allow multiple CMR resource sets to be configured for aperiodic beam measurement and reporting such that latency of beam training can be reduced.  However, it is unclear how much latency can be saved compared to the existing scheme.
Regarding Group 2 schemes, our opinion is that those schemes are related to RAN4 and they should be studied by RAN4.
Based on the above analysis, we propose the following:
Proposal 8: FeMIMO supports Opt 1-A: UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW).  

Conclusions
In this contribution, we present our views on enhancement on multi-beam operation.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports separate TCI state pools for DL and UL for separate DL and UL TCI state update (beam indication).  
Proposal 2: FeMIMO supports at least the following use cases for M>1 and/or N>1: support of mTRP and support of CORESET beam diversity.
Proposal 3: FeMIMO supports multiple simultaneous active TCI states at a UE.  The source reference signal(s) in DL TCI(s) in a DCI provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on the CORESET(s) associated with the DCI (e.g., the CORESET(s) that the DCI is carried on).
Proposal 4: For DCI formats 1_1 and 1_2 for beam indication, support enhanced UE-specific MAC CE for TCI states activation/deactivation, where one TCI codepoint can be mapped to one or multiple TCI states.  Different TCI codepoint can be mapped to TCI state(s) from different TCI state pool.  TCI states mapped to one TCI codepoint can be from the same or different TCI state pool.
Proposal 5: FeMIMO supports enhancements on the content of TCI state, including the addition of PCI, groupID, and srs to the content of the TCI state. 
Proposal 6: For L1/L2-centric inter-cell beam management, FeMIMO supports different timing advance offset and reference timing for different cell.
Proposal 7: For L1/L2-centric inter-cell beam management, the applicable channels/signals regarding “a UE can transmit to or receive from only a single cell” are the UE-specific data/control channel(s).
Proposal 8: FeMIMO supports Opt 1-A: UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW).   
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