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 Introduction
In this contribution we share our view on RAN1 LS response [2] on TCI state signalling for SRS resource and discuss TCI indication for SRS resource in RRC and MAC specifications.
Discussion 
RAN1 LS response on TCI state signalling for SRS resource
In the current RRC specifications, SRS resource can be configured to follow unified TCI states by followUnifiedTCIstateSRS for aperiodic SRS for BM and SRS of any time-domain behavior for codebook, non-codebook, and antenna switching. 
followUnifiedTCIstateSRS
When set to enabled, for SRS resource Set, the UE applies the "indicated" Rel-17 DL only or joint TCI as specified in TS 38.214 clause 5.1.5. This parameter may be configured for aperiodic SRS for BM or SRS of any time-domain behavior for codebook, non-codebook, and antenna switching.
The cases not covered by the current RRC specification are as follows.
1. Periodic SRS for BM, periodic SRS for codebook, non-codebook, and antenna switching that is not configured with followUnifiedTCIstateSRS 
2. Semi-persistent SRS for BM, aperiodic SRS and semi-persistent SRS for codebook, non-codebook, and antenna switching that is not configured with followUnifiedTCIstateSRS 
According to RAN1 LS response R1-2205247 (cf. Appendix), for case 1, a unified TCI state needs to be configured in RRC IE SRS-Resource. For case 2, MAC CE signaling is needed to indicate the TCI state to be followed for a SRS resource. A MAC CE should be designed for each of the following to signal a Rel-17 TCI state instead of the Rel-15/16 spatial relation.
1. SP SRS Activation/Deactivation MAC CE (TS 38.321 clause 6.1.3.17)
1. Enhanced SP/AP SRS Spatial Relation Indication MAC CE (TS 38.321 clause 6.1.3.26)
1. Serving Cell Set based SRS Spatial Relation Indication MAC CE (TS 38.321 clause 6.1.3.29)
For the current SP SRS Activation/Deactivation MAC CE, its functionality is included by Enhanced SP/AP SRS Spatial Relation Indication MAC CE. So for Rel-17 unified TCI state framework, a new MAC CE “SP/AP SRS TCI State Indication MAC CE” is needed for unified TCI state indication for SP/AP SRS resource. 
[bookmark: _GoBack]For the current Serving Cell Set based SRS Spatial Relation Indication MAC CE, it is used to simultaneously indicate spatial relation information for all serving cells configured in simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2. For Rel-17 unified TCI state framework, a new MAC CE “Serving Cell Set based SRS TCI State Indication MAC CE” is needed for unified TCI state update of RRC configured serving cell sets simultaneousSpatial-UpdatedList1 and simultaneousSpatial-UpdatedList2, and the actual activation can be done by the new MAC CE “SP/AP SRS TCI State Indication MAC CE”.
Proposal 1: For the SRS TCI state indication, introduce a new MAC CE (SP/AP SRS TCI State Indication MAC CE) corresponding to Enhanced SP/AP SRS Spatial Relation Indication MAC CE.
Proposal 2: For the SRS TCI state indication, introduce a new MAC CE (Serving Cell Set based SRS TCI State Indication MAC CE) corresponding to Serving Cell Set based SRS Spatial Relation Indication MAC CE. 
In the LS response, RAN1 suggests to includes the following information in each new MAC CE. 
· The resource ID which provides an identifier of the resource used for spatial relationship derivation is replaced by a Rel-17 TCI state that can be an UL TCI state or a Joint TCI state.
· Regarding the field F_i in the corresponding MAC CE:
· In RAN,1 some companies think it can be used to indicate whether the indicated TCI state is an UL TCI state or a Joint TCI state. 
· But other companies in RAN1 suggest that the using field F_i to indicate TCI state type is not needed because UL TCI state and joint TCI state are configured according to the joint or separate TCI mode configured to the serving cell. 
· Other fields in the respective MAC CEs can remain the same.
Regarding the field F_i, RRC configures which TCI mode is used for a serving cell, i.e. if joint TCI mode is configured, the TCI state indicated in the MAC CE is a joint TCI state; if separate TCI mode is configured, the TCI state indicated in the MAC CE is an UL TCI state. Thus, there seems no need to indicate in the MAC CE whether a joint TCI state or an UL TCI state is indicated. To simplify the MAC CE design, the field F_i can be reserved.  
Proposal 3: The field F_i is replaced by a reserved bit in the new MAC CE.
SP/AP SRS TCI State Indication MAC CE
The current Enhanced SP/AP SRS Spatial Relation Indication MAC CE is copied below for reference. 


Figure 3. Enhanced SP/AP SRS Spatial Relation Indication MAC CE
The proposed SP/AP SRS TCI State Indication MAC CE and field descriptions are as follows.
The SP/AP SRS TCI State Indication MAC CE is identified by a MAC subheader with eLCID as specified. It has a variable size with following fields:
-	A/D: This field indicates whether to activate or deactivate indicated SP SRS resource set. The field is set to 1 to indicate activation, otherwise it indicates deactivation. If the indicated SRS resource set ID is for the AP SRS resource set, MAC entity shall ignore this field;
-	SRS Resource Set's Cell ID: This field indicates the identity of the Serving Cell, which contains the indicated SP/AP SRS Resource Set. If the C field is set to 0, this field also indicates the identity of the Serving Cell associated with all TCI states indicated by the TCI State IDi fields. The length of the field is 5 bits;
-	SRS Resource Set's BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains the indicated SP/AP SRS Resource Set. If the C field is set to 0, this field also indicates the identity of the BWP associated with all TCI states indicated by the TCI State IDi fields. The length of the field is 2 bits;
-	C: This field indicates whether the octets containing TCI State Serving Cell ID field(s) and TCI State BWP ID field(s) are present. If this field is set to 1, TCI State Serving Cell ID field(s) and TCI State BWP ID field(s) are present, otherwise they are not present so MAC entity shall ignore TCI State Serving Cell ID field(s) and TCI State BWP ID field(s);
-	SUL: This field indicates whether the MAC CE applies to the NUL carrier or SUL carrier configuration. This field is set to 1 to indicate that it applies to the SUL carrier configuration, and it is set to 0 to indicate that it applies to the NUL carrier configuration;
-	SRS Resource Set ID: This field indicates the SP/AP SRS Resource Set ID identified by SRS-ResourceSetId as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	TCI State Serving Cell IDi: This field indicates the identity of the Serving Cell on which the TCI State used for SRS resource i is located. The length of the field is 5 bits;
-	TCI State BWP IDi: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], on which the TCI State used for SRS resource i is located. The length of the field is 2 bits;
-	TCI State IDi: This field contains an identifier of the TCI state used for SRS resource i. TCI State ID0 refers to the first SRS resource within the resource set, TCI State ID1 refers to the second one and so on. If joint/downlink TCI State is used, 7-bits length TCI state ID i.e. TCI-StateId as specified in TS 38.331 [5] is used. If separate downlink and uplink TCI State is used, the most significant bit of TCI state ID is considered as a reserved bit and the remaining 6 bits indicate the UL-TCIState-Id as specified in TS 38.331 [5]. The length of the field is 7 bits. This field is only present if MAC CE is used for activation of SP SRS resource set, i.e. the A/D field is set to 1, or for AP SRS resource set;
-	R: Reserved bit, set to 0.


Figure 4. Enhanced SP/AP SRS TCI State Indication MAC CE
Proposal 4: The SP/AP SRS TCI State Indication MAC CE is identified by a MAC subheader with a new eLCID.
Proposal 5: RAN2 to agree the proposed format for SP/AP SRS TCI State Indication MAC CE.
Serving Cell Set based SRS TCI State Indication MAC CE
The current Serving Cell Set based SRS Spatial Relation Indication MAC CE is copied below for reference. 


Figure 5. Serving Cell set based SRS Spatial Relation Indication MAC CE
The proposed Serving Cell Set based SRS TCI State Indication MAC CE and field description are as follows.
The Serving Cell Set based SRS TCI State Indication MAC CE is identified by a MAC subheader with eLCID as specified. It has a variable size with following fields:
-	SRS Resource's Cell ID: This field indicates the identity of the Serving Cell, which contains the indicated SP/AP SRS Resource. If the C field is set to 0, this field also indicates the identity of the Serving Cell associated with all TCI States indicated by the TCI State IDi fields. The length of the field is 5 bits. The indicated Serving Cell is configured as part of simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2 in TS 38.331 [5], and this MAC CE applies to all the Serving Cells configured in the set simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2, respectively;
-	SRS Resource's BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains the indicated AP/SP SRS Resource. If the C field is set to 0, this field also indicates the identity of the BWP associated with all TCI States indicated by the TCI State IDi fields. The length of the field is 2 bits;
-	C: This field indicates whether the octets containing TCI State Serving Cell ID field(s) and TCI State BWP ID field(s) are present. If this field is set to 1, the TCI State Serving Cell ID field(s) and TCI State BWP ID field(s) are present, otherwise they are not present so MAC entity shall ignore TCI State Serving Cell ID field(s) and TCI State BWP ID field(s);
-	SRS Resource IDi: This field indicates the SP/AP SRS Resource ID identified by SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 6 bits;
-	TCI State Serving Cell IDi: This field indicates the identity of the Serving Cell on which the TCI State used for SRS Resource IDi is located. The length of the field is 5 bits;
-	TCI State BWP IDi: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], on which the TCI State used for SRS Resource IDi is located. The length of the field is 2 bits;
-	TCI State IDi: This field contains an identifier of the TCI state used for SRS resource i. TCI State ID0 refers to the first SRS resource which is indicated SRS Resource ID0, TCI State ID1 refers to the second one and so on. If joint/downlink TCI State is used, 7-bits length TCI state ID i.e. TCI-StateId as specified in TS 38.331 [5] is used. If separate downlink and uplink TCI State is used, the most significant bit of TCI state ID is considered as a reserved bit and the remaining 6 bits indicate the UL-TCIState-Id as specified in TS 38.331 [5]. The length of the field is 7 bits.
-	R: Reserved bit, set to 0.


Figure 6. Serving Cell Set based SRS TCI State Indication MAC CE
Proposal 6: The Serving Cell Set based SRS TCI State Indication MAC CE is identified by a MAC subheader with a new eLCID.
Proposal 7: RAN2 to agree the proposed format for Serving Cell Set based SRS TCI State Indication MAC CE.
SRS TCI indication in RRC
For case 1 mentioned Section 2.1, i.e., periodic SRS for BM and periodic SRS for codebook, non-codebook, and antenna switching that is not configured with followUnifiedTCIstateSRS, RAN1 suggests to include a unified TCI State ID, either a Joint/DL TCI State ID or an UL TCI State ID, in SRS-Resource. If joint TCI mode is configured in ServingCellConfig, the TCI state configured in the SRS resource is a joint TCI state; if separate TCI mode is configured, the TCI state configured in the SRS resource is an UL TCI state. The proposed text is in Appendix 5.2.
Proposal 8: A unified TCI State ID, i.e., either a Joint/DL TCI State ID or an UL TCI State ID, is included in SRS-Resource with a choice structure.
Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: For the SRS TCI state indication, introduce a new MAC CE (SP/AP SRS TCI State Indication MAC CE) corresponding to Enhanced SP/AP SRS Spatial Relation Indication MAC CE. 
Proposal 2: For the SRS TCI state indication, introduce a new MAC CE (Serving Cell Set based SRS TCI State Indication MAC CE) corresponding to Serving Cell Set based SRS Spatial Relation Indication MAC CE.
Proposal 3: The field F_i is replaced by a reserved bit in the new MAC CE.
Proposal 4: The SP/AP SRS TCI State Indication MAC CE is identified by a MAC subheader with a new eLCID.
Proposal 5: RAN2 to agree the proposed format for SP/AP SRS TCI State Indication MAC CE.
Proposal 6: The Serving Cell Set based SRS TCI State Indication MAC CE is identified by a MAC subheader with a new eLCID.
Proposal 7: RAN2 to agree the proposed format for Serving Cell Set based SRS TCI State Indication MAC CE.
Proposal 8: A unified TCI State ID, i.e., either a Joint/DL TCI State ID or an UL TCI State ID, is included in SRS-Resource with a choice structure.
Reference
[1] R2-2206356 LS on TCI state signalling for SRS resource
[2] R1-2205247 LS response on TCI state signalling for SRS resource
Appendix
R1-2205247 LS response on TCI state signalling for SRS resource
Question 1:
For using unified TCI states with SRS resources, are there cases that are not addressed by current RRC specification (v17.0.0) and would require something to be specified in RAN2 (i.e., new RRC parameter or MAC CE based signalling)?

Answer 1:
The current RRC specifications covers the following case:
· SRS resource configured to follow the unified TCI state. This can be (1) aperiodic SRS for BM (2) Any time domain behaviour of SRS for CB/NCB/Ant Switching

followUnifiedTCIstateSRS
When set to enabled, for SRS resource Set, the UE applies the "indicated" Rel-17 DL only or joint TCI as specified in TS 38.214 clause 5.1.5. This parameter may be configured for aperiodic SRS for BM or SRS of any time-domain behavior for codebook, non-codebook, and antenna switching.

The following cases are not covered by current RRC specification:
· SRS resource not configured to follow the unified TCI state. The Rel-17 TCI state can be indicated by: (1) RRC configuration for periodic SRS (2) MAC CE for AP-SRS and SP-SRS
· P/SP-SRS for beam management. These don’t follow the unified TCI state. The Rel-17 TCI state can be indicated by: (1) RRC configuration for periodic SRS (2) MAC CE for SP-SRS
This follows the following RAN1 agreements:

Agreement RAN1#106-e
On Rel.17 unified TCI framework:
· Aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
· Note: This doesn’t imply that all time-domain behaviors are automatically supported


Agreement RAN1#106b-e
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.

A possible implementation would be to include the field 

    tciState-r17                  CHOICE {
           tci-StateUnifiedId-r17              TCI-StateId,
           ul-TCIState-Id-r17                  UL-TCIState-Id-r17
}

in the SRS-Resource IE, when the SRS resource is a periodic SRS that is not configured or cannot follow the unified TCI state.

For details on the MAC CE implementation, see the answer to question 3.

 
Question 2:
Is it sufficient to configure RRC parameter i.e. UL or joint TCI state for SRS Resource to address use of unified TCI state with SRS resources? 

Answer 2: No, it is not sufficient. For a semi-persistent or aperiodic SRS resource that is not configured or cannot follow the unified TCI state, MAC-CE signalling is needed to provide a joint or UL TCI state for the SP/AP SRS resource.


Question 3:
If answer to Q2 is "no" and MAC CE based solution is necessary for unified TCI states to work with SRS resource(set)s, please respond to below set of questions. Note that in order to have specification support for MAC operation the response needs to be detailed and clear enough for RAN2 to specify the needed support in RAN2#118:
1. What information is included for all the fields in the MAC CE (please indicate each parameter that should be included in MAC CE assuming a new MAC CE is designed from scratch) ? 
1. How is such a MAC CE indication be used? Is it required to define activation/deactivation of concerned SRS resource (set)s with the associated TCI state (as same as SP SRS Activation/Deactivation MAC CE or enhanced SP/AP SRS Spatial Relation Indication MAC CE), or something else?
1. Does the MAC CE apply for one serving cell, or should we also apply for serving cells according to the simultaneous TCI state update list(s)  configured for unified TCI state? 
Answer 3: 
[bookmark: _Hlk103108451]A MAC CE should be designed for each of the following to signal a Rel-17 TCI state instead of the Rel-15/16 spatial relation.
1. SP SRS Activation/Deactivation MAC CE (TS 38.321 clause 6.1.3.17)
1. Enhanced SP/AP SRS Spatial Relation Indication MAC CE (TS 38.321 clause 6.1.3.26)
1. Serving Cell Set based SRS Spatial Relation Indication MAC CE (TS 38.321 clause 6.1.3.29)

For each of these, the resource ID which provides an identifier of the resource used for spatial relationship derivation is replaced by a Rel-17 TCI state that can be an UL TCI state or a Joint TCI state. Regarding the field F_i in the corresponding MAC CE:
· In RAN,1 some companies think it can be used to indicate whether the indicated TCI state is an UL TCI state or a Joint TCI state. 
· But other companies in RAN1 suggest that the using field F_i to indicate TCI state type is not needed because UL TCI state and joint TCI state are configured according to the joint or separate TCI mode configured to the serving cell. 
Other fields in the respective MAC CEs can remain the same.

The usage of the MAC CE is similar to the corresponding Rel-15/16 usage.

Similar to Rel-15/16, the MAC CE can apply to more than one serving cell. The serving cell ID for each resource ID is included in the MAC CE.

This is according to the following RAN1 agreement:

Agreement RAN1#108-e
On Rel-17 unified TCI framework, for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI (hence the Rel-17 UL or, if applicable, joint TCI state pool), Rel-17 mechanism(s) which reuse mechanisms similar to the Rel-15/16 spatial relation info update signaling/configuration design(s) are used to update/configure such SRS (s) with Rel-17 UL or, if applicable, joint TCI state(s).
· Including inter-cell case, where SSB with PCI different from the serving cell can be used as a source RS in Rel-17 UL, or if applicable joint, TCI state for these SRS resources
· The UL PC parameter setting (including PL-RS) for the SRS resource set should be derived based on the setting associated with TCI indicated for the SRS resource with the lowest SRS-ResourceId in that SRS resource set
· The MAC-CE signaling for the Rel-17 mechanism(s) to update the spatial relation of the AP/SP-SRS not sharing the indicated Rel-17 TCI state shall provide an ID of Rel-17 UL or, if applicable, joint TCI state instead of an RS resource ID for each AP/SP-SRS resource 
· Reuse other aspects of the MAC-CE for the Rel-15/16 spatial relation info update (including 'SP SRS Activation/Deactivation MAC CE', 'Enhanced SP/AP SRS Spatial Relation Indication MAC CE', and 'Serving Cell Set based SRS Spatial Relation Indication MAC CE')
· Note:  The exact details are up to RAN2. 
· Note: A Rel-17 UE is not required to support both this feature and optional Rel-16 features of SRS spatial relation info within the same band.
TP to TS 38.331
SRS-Resource ::=                        SEQUENCE {
    srs-ResourceId                          SRS-ResourceId,
    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},
    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                           OPTIONAL,   -- Need R
    transmissionComb                        CHOICE {
        n2                                      SEQUENCE {
            combOffset-n2                           INTEGER (0..1),
            cyclicShift-n2                          INTEGER (0..7)
        },
        n4                                      SEQUENCE {
            combOffset-n4                           INTEGER (0..3),
            cyclicShift-n4                          INTEGER (0..11)
        }
    },
    resourceMapping                         SEQUENCE {
        startPosition                           INTEGER (0..5),
        nrofSymbols                             ENUMERATED {n1, n2, n4},
        repetitionFactor                        ENUMERATED {n1, n2, n4}
    },
    freqDomainPosition                      INTEGER (0..67),
    freqDomainShift                         INTEGER (0..268),
    freqHopping                             SEQUENCE {
        c-SRS                                   INTEGER (0..63),
        b-SRS                                   INTEGER (0..3),
        b-hop                                   INTEGER (0..3)
    },
    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },
    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            ...
        },
        semi-persistent                         SEQUENCE {
            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,
            ...
        },
        periodic                                SEQUENCE {
            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,
            ...
        }
    },
    sequenceId                              INTEGER (0..1023),
    spatialRelationInfo                     SRS-SpatialRelationInfo                                        OPTIONAL,   -- Need R
    ...,
    [[
    resourceMapping-r16                     SEQUENCE {
        startPosition-r16                       INTEGER (0..13),
        nrofSymbols-r16                         ENUMERATED {n1, n2, n4},
        repetitionFactor-r16                    ENUMERATED {n1, n2, n4}
    }                                                                                                      OPTIONAL    -- Need R
    ]],
    [[
    spatialRelationInfo-PDC-r17             SetupRelease { SpatialRelationInfo-PDC-r17 }                   OPTIONAL,   -- Need M
    resourceMapping-r17                     SEQUENCE {
        nrofSymbols-r17                         ENUMERATED {n8, n10, n12, n14},
        repetitionFactor-r17                    ENUMERATED {n1, n2, n4, n5, n6, n7, n8, n10, n12, n14}
    },
    partialFreqSounding-r17                 SEQUENCE {
        startRBIndexFScaling-r17                CHOICE{
            startRBIndexAndFreqScalingFactor2-r17   INTEGER (0..1),
            startRBIndexAndFreqScalingFactor4-r17   INTEGER (0..3)
        },
        enableStartRBHopping-r17                ENUMERATED {enable}                                        OPTIONAL    -- Need R
    }                                                                                                      OPTIONAL,   -- Need R
    transmissionComb-n8-r17                 SEQUENCE {
        startPosition-r17                       INTEGER (0..13),
        combOffset-n8-r17                       INTEGER (0..7),
        cyclicShift-n8-r17                      INTEGER (0..5)
    }                                                                                                      OPTIONAL,    -- Need R
    srs-TCIState-Id-r17                     CHOICE {
        ul-TCIState-Id-r17                    UL-TCIState-Id-r17,
        jointOrDL-TCIState-Id-r17             TCI-StateId,
    }                                                                                                      OPTIONAL    -- Need R

]]
}


	srs-TCIState-Id
Configuration of either an UL TCI state ID or a joint/DL TCI state ID for the SRS resource. This field is absent when unifiedtci-StateType is not configured to the serving cell which the SRS resource is located in. This field when present is configured for periodic SRS resource used for BM and SRS resource of any time-domain behavior used for codebook, non-codebook, and antenna switching that is not configured with followUnifiedTCIstateSRS-r17.
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