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1.  Introduction
Rel-17 FeMIMO is a large topic which includes plenty of features, e.g., intra-cell and inter-cell beam management, inter-cell mTRP for PDSCH, intra-cell mTRP for PUCCH/PUSCH/PDCCH, mTRP beam management, etc. To make the discussion clearer, we write two separate papers for FeMIMO RRC discussion.
In this document, we focus on general cases that do not distinguish intra- or inter- cell, while in [1], we aim to discuss specific aspects for inter-cell cases.
RAN1 provides FeMIMO RRC parameters in [2], some of the parameters are marked with “can be discussed in RAN2”. In RAN2 #116-e meeting, RAN2 started RRC CR work, and one email discussion [3] was triggered to discuss some parameters that need RAN2’s input. In this contribution, we discuss the RRC parameters related to Rel-17 unified TCI framework and uplink power control.
2. Discussion
2.1 Rel-17 unified TCI framework
The unified TCI framework is introduced in Rel-17, in which two modes can be used. One mode is joint mode, and the other mode is separate mode. In the joint mode, a joint TCI state can indicate both DL and UL beam direction. While in the separate mode, there are UL only TCI state and DL only TCI state which indicate UL beam direction and DL direction, respectively.
RAN1 has agreed that joint TCI state and DL only TCI state can share the same pool, i.e., one ToAddModList structure is used to contain joint/DL only TCI state. Which type of TCI state the UE should interpret in the list depends on which TCI mode (joint or separate mode) is used at the point of time. Regarding UL only TCI state, RAN1 does not reach a consensus whether UL only TCI states should be also included in the above list [4].
	RAN1 #106bis-e Conclusion 
On Rel.17 unified TCI framework, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI
· Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI


UL only TCI state and joint/DL only TCI state have many differences. Specifically, the QCL RS (or Tx spatial filter) in a UL only TCI state can be SSB, or CSI-RS or SRS, while in a joint/DL only TCI state the QCL RS can only be SSB or CSI-RS. In addition, the maximum number of different kinds of TCI states in a BWP is also different: 64 for UL only TCI state while 128 for joint/DL only TCI state. Therefore, from the spec simplicity and readability perspective, we prefer to configure two TCI state lists, one list is for joint/DL only TCI state, and the other list is for UL only TCI state.
	RAN1 #106bis-e Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI

RAN1 #107-e Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, when a UE is configured with separate DL/UL TCI
· The number of configured TCI states a UE can support is a UE capability including the following candidate values per BWP per CC: 
· DL TCI: 64, 128
· UL TCI: 32, 64
Note: This doesn’t imply that UL TCI shares the same TCI state pool as or uses a different TCI state pool from joint DL/UL TCI.


Proposal 1: Joint/DL only TCI states are configured in a ToAddModList structure, and UL only TCI states are configured in another ToAddModList structure.
In the email discussion [3], RAN2 discussed the location where the TCI state lists should be placed. According to the summary, it’s proposed that the joint/DL only TCI state list is placed in PDSCH-Config IE, while the UL only TCI state list is placed in BWP-UplinkDedicated IE. For the joint/DL only TCI state list, we think PDSCH-Config IE is a proper place and this follows Rel-15/16 TCI state configuration. For the UL only TCI state list, since PUCCH and PUSCH would both follow the indicated UL only TCI state, we agree that UL only TCI state list can be placed in BWP-UplinkDedicated IE.
Proposal 2: RAN2 to confirm that the joint/DL only TCI state list is placed in PDSCH-Config IE, and the UL only TCI state list is placed in BWP-UplinkDedicated IE.
RAN1 has the following conclusion on the indication of the TCI mode, i.e., the joint mode or the separate mode. Dynamic switching via L1/L2 signalling is not supported. RRC signalling is needed to indicate which TCI mode is currently in use.
	RAN1 #105-e
[Conclusion] On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)


According to the RRC parameters provided by RAN1 [2], the joint TCI state and DL only TCI state use the same IE, i.e., TCI-State-r17. Introduce TCI state type to each TCI state is one way to distinguish joint and DL only TCI. However, this method causes signalling overhead because each TCI state needs such type indication. We think a “ENUMERATED {enabled}” parameter can be utilized to indicate which TCI mode is currently being used, e.g., “jointTCIMode ENUMERATED {enabled}”. This parameter jointTCIMode indicates whether joint TCI mode is enabled. If the joint TCI mode is enabled, TCI states in joint/DL only TCI state list are all joint TCI states. If it is disabled, then separate TCI mode is used, and all TCI states in the list are used for DL only beam indication.
Proposal 3: Introduce an RRC parameter to indicate which TCI mode (joint mode or separate mode) is currently in use. FFS where to put this parameter.
RAN1’s agreements suggest that 7 bits are needed for joint TCI state and DL only TCI state, while 6 bits for UL only TCI state. Based on the above TCI state configuration description, we can give a design example of the TCI state activation/indication MAC CE, see below figure.
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This MAC CE format can work on both joint TCI mode and separate TCI mode. We use Category A/B/C to express different TCI activation cases. The detailed explanation of Category A/B/C and X/Y field are describled as follows.
(1) For Category A: one UL only TCI + one DL only TCI.
X = 0 means this octet indicates a UL only TCI state, Y =1 means there is a DL only TCI state which maps to the same TCI codepoint in DCI.
(2) For Category B: one UL only TCI
X = 0 means this octet indicates a UL only TCI state, Y =0 means there is not a DL only TCI state which maps to the same TCI codepoint in DCI.
(3) For Category C: one DL only TCI or one joint TCI
If the separate TCI mode is used, then X =1 means this octet indicates a DL only TCI state.
If the joint TCI mode is used, then X field can be a reserved bit.
It is necessary to discuss the case in which the activated UL BWP has a different BWP ID from the DL BWP. In this case, a single UL BWP field could be added to the above format.
Proposal 4: Agree the above TCI state activation MAC CE format as baseline for Rel-17 unified TCI framework. How to include the UL BWP ID (not yet in the format) is FFS.
2.2 Uplink power control
In Rel-16, uplink power control parameters (e.g., p0, alpha, and closed loop index) for PUCCH, PUSCH and SRS are given by different RRC IEs. Specifically, (a) for PUCCH, these parameters are given in PUCCH-SpatialRelationInfo, (b) for PUSCH, these parameter are given in PUSCH-PowerControl, and (c) for SRS, these parameters are given in SRS-ResourceSet. 
In Rel-17, with the unified TCI framework, the uplink power control configuration framework can be adjusted accordingly. According to the below extracted RAN1 agreements, the setting of (p0, alpha, and closed loop index) can be associated with UL only or joint TCI state, which means the uplink power control parameters switching can go along with TCI state switching.
	RAN1 #105-e Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states

RAN1 #106bis-e Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC


Observation 1: On Rel-17 unified TCI framework, the power control parameters (p0, alpha, and closed loop index) for PUSCH/PUCCH/SRS can be associated with UL only or joint TCI state via RRC signalling.
According to the above yellow highlighted agreements, we can observe that the value of (p0, alpha, and closed loop index) can be different among PUCCH, PUSCH and SRS.
Observation 2: The value of (p0, alpha, and closed loop index) can be different among PUCCH, PUSCH and SRS.
The current FeMIMO RRC running CR [5] capture the association between uplink power control parameters and UL only TCI state, see below extracted ASN.1 description.
-- ASN1START
-- TAG-BWP-UPLINKDEDICATED-START

BWP-UplinkDedicated ::=             SEQUENCE {
--------------------------------------------Omitted------------------------------------------------
    [[
    --Editor’s note: placeholder for UL TCI state List FFS if final location

    UL-TCIState-ToAddModList-r17     SEQUENCE (SIZE (1..max-UL TCI-r17)) OF UL-TCISate                          OPTIONAL, -- Need N
                                                                                                                
    UL-TCIState-ToReleaseList-r17    SEQUENCE (SIZE (1..max-UL TCI-r17)) OF UL-TCISate-Id                       OPTIONAL,  -- Need N

                                                                                                                
    powerControlSet-r17                       UL-PC-Set-r17                                       OPTIONAL  -- Need M
     --Editor’s note: powerCOntrolSet is present here only if it’s not present in ULTCI state 

    ]]

}

--------------------------------------------Omitted------------------------------------------------

UL-TCIState ::=    SEQUENCE {

-- Editor’s note: and all other UL TCI state parameters
    powerControlSet-r17                       UL-PC-Set-r17                                       OPTIONAL,  -- Need M
    plr-RS-Id-r17                PUSCH-PathlossReferenceRS-Id,                                    OPTIONAL  -- Need M

}

UL-PC-Set-r17 ::=          SEQUENCE {
    p0-r17                       INTEGER (-16..15)   OPTIONAL, -- Need S
    alpha-r17                    Alpha               OPTIONAL, -- Need S
    pusch-ClosedLoopIndex-r17    ENUMERATED { i0, i1 }
}


-- TAG-BWP-UPLINKDEDICATED-STOP
-- ASN1STOP
The rapporteur gives two configuration cases of the uplink power control parameters, one case is that these parameters are associated with UL only TCI state, and the other case is that these parameters are independent of UL only TCI states. For these two cases, we found a common issue, i.e., p0, alpha, and closed loop index, these parameters would be the same for PUCCH, PUSCH and SRS, which seems to violate RAN1’s agreement. To fix the issue, the UL-PC-Set-r17 should contain p0, alpha, and closed loop index for each channel. One example can be as follows.
UL-PC-Set-r17 ::=          SEQUENCE {
    p0-PUSCH-r17                       INTEGER (-16..15)  
    alpha-PUSCH-r17                    Alpha              
closedLoopIndex-PUSCH-r17    ENUMERATED { i0, i1 }
	p0-PUCCH-r17                       INTEGER (-16..15)   
    alpha-PUCCH-r17                    Alpha             
    closedLoopIndex-PUCCH-r17    ENUMERATED { i0, i1 }
	p0-SRS-r17                       INTEGER (-16..15)  
    alpha-SRS-r17                    Alpha              
closedLoopIndex-SRS-r17    ENUMERATED { i0, i1 }
}
Proposal 5: The uplink power control parameters (p0, alpha, and closed loop index) for PUCCH, PUSCH, and SRS can be combined into one structure in RRC configuration. In the combined structure, these parameters for PUCCH, PUSCH, and SRS can be different.
Regarding RRC signalling optimization, a ToAddModList structure can be used to include all UL-PC-Set-r17. One example can be as follows.
ul-PC-Set-ToAddModList-r17    SEQUENCE (SIZE (1..maxNrofUL-PC-Set-r17)) OF UL-PC-Set-r17-Id       
ul-PC-Set-ToReleaseList-r17    SEQUENCE (SIZE (1..maxNrofUL-PC-Set-r17)) OF UL-PC-Set-r17-Id

UL-PC-Set-r17 ::=          SEQUENCE {
    ul-PC-Set-r17-Id                  UL-PC-Set-r17-Id
p0-PUSCH-r17                       INTEGER (-16..15)  
    alpha-PUSCH-r17                    Alpha              
closedLoopIndex-PUSCH-r17    ENUMERATED { i0, i1 }
	p0-PUCCH-r17                       INTEGER (-16..15)   
    alpha-PUCCH-r17                    Alpha             
    closedLoopIndex-PUCCH-r17    ENUMERATED { i0, i1 }
	p0-SRS-r17                       INTEGER (-16..15)  
    alpha-SRS-r17                    Alpha              
closedLoopIndex-SRS-r17    ENUMERATED { i0, i1 }
}

UL-TCIState ::=    SEQUENCE {

-- Editor’s note: and all other UL TCI state parameters
    powerControlSet-r17                       UL-PC-Set-r17-ID   
}
Proposal 6: One ToAddModList structure can be used to contain all UL-PC-Set-r17 in which (p0, alpha, and closed loop index) for PUCCH, PUSCH, and SRS are included. Each UL only/joint TCI state can be associated with one element of the list.
3. Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1: Joint/DL only TCI states are configured in a ToAddModList structure, and UL only TCI states are configured in another ToAddModList structure.
Proposal 2: RAN2 to confirm that the joint/DL only TCI state list is placed in PDSCH-Config IE, and the UL only TCI state list is placed in BWP-UplinkDedicated IE.
Proposal 3: Introduce an RRC parameter to indicate which TCI mode (joint mode or separate mode) is currently in use. FFS where to put this parameter.
Proposal 4: Agree the above TCI state activation MAC CE format as baseline for Rel-17 unified TCI framework. How to include the UL BWP ID (not yet in the format) is FFS.
Observation 1: On Rel-17 unified TCI framework, the power control parameters (p0, alpha, and closed loop index) for PUSCH/PUCCH/SRS can be associated with UL only or joint TCI state via RRC signalling.
Observation 2: The value of (p0, alpha, and closed loop index) can be different among PUCCH, PUSCH and SRS.
Proposal 5: The uplink power control parameters (p0, alpha, and closed loop index) for PUCCH, PUSCH, and SRS can be combined into one structure in RRC configuration. In the combined structure, these parameters for PUCCH, PUSCH, and SRS can be different.
Proposal 6: One ToAddModList structure can be used to contain all UL-PC-Set-r17 in which (p0, alpha, and closed loop index) for PUCCH, PUSCH, and SRS are included. Each UL only/joint TCI state can be associated with one element of the list.
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