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1. Introduction
In this contribution, we discuss main issues related to unified TCI state configurations for inter-cell BM. 
2. Discussion 
DL TCI state configuration 
The placement of TCI State IE was discussed at RAN2#116 post-meeting, and majority companies prefer to place that IE under PDSCH-Config to support per-BWP configuration granularity. This is in line with RAN1’s suggestion in the RAN1’s excel sheet that DL TCI is configured within PDSCH-Config. 
Proposal 1: To confirm that DL TCI is configured within PDSCH-Config. 

Support for TCI state reference  
In RAN2#116 post-meeting, RAN2 discussed whether to support referencing TCI state pool configured for other cells/BWPs. The relevant RAN1 agreement is captured below:
	Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC


This referencing is basically RRC signaling optimization. The gain of this optimization is clear: there exists a high commonality of configured beams within a band, and hence explicit configuration of the same beam information in each of for those cells/BWPs in the same band would be simply redundant but only increase RRC signaling overhead. The optimization allows for a cell/BWP to use other cell/BWP’s TCI state pool, thereby reducing the signaling overhead. Note that such referencing mechanism is already supported in Rel-16 intra-cell BM, as identified in TCI-State IE below. The same optimization should be possible for unified TCI framework as well.
-- 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
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

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

Proposal 2: RRC-configured TCI state pool can be absent in PDSCH configurtaion. If absent, a reference indicated by {cell ID, bwp-Id} is used as qcl info, as similar to inter-cell BM. 

UL TCI configuration 
RAN1 suggested in the RAN1’s excel sheet to introduce a new IE for UL TCI Sate but with the comment that RAN2 decides whether to introduce this IE or to combine DL TCI and UL TCI. 
	UL_TCI-State_r17
	UL TCI. Analogous to Rel-15/16 spatial relation, this includes UL TCI state ID, an an identifier for a reference signal (SSB, CSI-RS or SRS). In addition, the IE may contain a separate pathloss RS. 
	It can be discussed in RAN2 if UL_TCI-State_r17 and TCI_State_r17 can be combined into the same IE (if combined this parameter may not be needed and this can be deleted)..

Applies only to Rel-17 unified TCI Framework



We think that introducing a new TCI state IE for UL is a clean approach because:
· Reference Signal is different for DL TCU states and UL TCI states. For DL TCI state, QCL RS is used, whereas for UL TCI state, spatial relation is used. In the current TCI-State IE, the field qcl-Type1 is mandatory but this is not necessary for UL TCI state. Therefore, if we extend TCI-State IE to configure UL TCI state, a special handling for the qcl-Type1 seems required. If a new TCI sate IE dedicated to UL TCI states is introduced, no special handling is needed. 
· Some new fields need to be included in the concerned TCI state IE. For example, UL power control parameters and pathloss RS can be configured only in the UL TCI state. To make these fields configurable only in the UL TCI state, it is more straightforward to introduce a new TCI state IE dedicated to UL TCI states and have those fields only in the new IE, not in the TCI-state IE.  
Proposal 3: UL TCI pool is configured by a new IE TCI-State-UL-r17 dedicated to UL TCI states.  
There are two options on UL TCI configuration granularity. 
· Option1: UL TCI pool is configured per UL BWP, not per PUxCH level.
· Option2: UL TCI pool is configured per per PUxCH.
In our view, a main reason to have UL TCI in unified TCI framework is for PUSCH and PUCCH to jointly follow indicated unified TCI state. Therefore, there is no reason to support configuring UL TCI pool per PUxCH.  
Proposal 4: UL TCI pool is configured per UL BWP, not per PUxCH level. 
Then we need to decide the contents of TCI-State-UL-r17. RAN1’s excel sheet suggests the following:
	UL_TCI-State_r17
	UL TCI. Analogous to Rel-15/16 spatial relation, this includes UL TCI state ID, an an identifier for a reference signal (SSB, CSI-RS or SRS). In addition, the IE may contain a separate pathloss RS. 



Based on the RAN1 agreements, TCI-State-UL-r17 needs to include the following parameters:  
· TCI state ID as mandatory
· SpatialRelation 
· Identifier for a reference signal (SSB, CSI-RS, or SRS)
· Pathloss RS info (optional)
[bookmark: _GoBack]In addition to those above, the following parameter (reference to PC control parameters) can be also included in the IE. Please see the discussion on UL Power Control parameters for inter-cell BM in [1] 
· Reference to a set of power control parameters for PUSCH, and that for PUCCH (optional)
Proposal 5: UL TCI IE includes a) TCI state ID, spatialRelation field (SRS needs to be added, optional), and c) pathloss RS (optional), d) a reference to power control parameters (optional). 

Joint TCI configuration and separate TCI configuration. 
RAN2 agreed to support separate DL and UL and joint TCI state configurations. It is not clear whether both separate TCI configuration and joint TCI configuration can be configured at the UE. There is RAN1 agreement given as follows:
	RA1#105e 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)


The RAN1 agreement indicates that UE can be configured with both configurations, and switching between the two via RRC is configured. This means that at a time, only either separate TCI configuration or joint TCI configuration is applied, but not both simultaneously. 
Note that whether to support dynamic switching via lower layer signaling (MAC CE or DCI) has no consensus in RAN1 so far. In our view, the necessity of supporting dynamic switching is weak. For instance, network may configure a separate TCI because a separate TCI is flexible enough to support a single codepoint indicating a pair of DL and UL TCIs simultaneously. If dynamic switching does not happen frequently, there is no need to support configuring both joint TCI and separate TCI configuration at UE at the first place.
Proposal 6: UE can be configured with either joint TCI configuration or separate TCI configuration. Switching between joint and separate TCI configuration is done only via RRC. 
TCI state ID space
It is FFS whether a TCI state ID space is shared by UL TCI and DL TCI states or whether independent TCI state ID spaces are used by DL TCI states and UL TCI states respectively. With the common ID space, it is possible that ID itself distinguishes whether it is UL TCI state or DL TCI state. While this property may save some bits that are otherwise required for type discrimination in TCI activation MAC CE, the size of MAC CE with a common pool is not necessarily smaller than that of MACE CE with independent pools but dependent of the indicated codepoints in the MAC CE. Since the merit of having a common pool is not clear, we think that independent pool is more straightforward approach. 
Proposal 7: DL TCI state ID is assigned within its own TCI state space {0, …, 127} and UL TCI state ID is assigned within its own TCI state space {0, …, 63}.

Per CORESET determination
During the R2#116 post-meeting discussion, there was a question on whether we need to introduce a new control flag within CORESET IE to support per-CORESET determination or whether we can rely on existing signaling such as TCI State Indication for UE-specific PDCCH MAC CE. This MAC CE has CORESET ID field to indicate as follows: 
	

Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE



In our view, Rel-17 unified TCI framework has been designed so that network determines a subset of CORESETs to which unified TCI shall be applied jointly. Then, the existing UE-specific PDCCH MAC CE is applied only for a CORSET that is configured not to follow unified TCI, and with this MAC CE, separate UL/DL TCI indication is not possible. So, it is clear that existing UE-specific MAC CE is insufficient, and per-CORESET determination shall be supported, as RAN1 suggested. 
Proposal 8: applyUnifiedTCIstate-r17 is configured within ControlResourceSet IE. 
We note that this proposal is in line with the current implementation of the feMIMO running CR for 38.331. 
There may be the case that not all search spaces associated with a CORESET follow indicated unified TCI state, i.e., only a subset of search spaces follows unified TCI state. For instance, some search spaces for non-UE-dedicated (common) signaling may need to be excepted from following unified TCI state. In our view, this exception is processed in RAN1 specifications based on predefined rule, if necessary, and there is no need to support configuring the flag per search space in RAN2 specification.
Proposal 9: There is no need to support configuring the flag per search space in RAN2 specification. 

TCI state for AP CSI-RS and SRS 
RAN1 agreed to support configuring whether to follow unified TCI state for each NZP-CSI-RS or CSI-RS group. To support per-RS control, it should be possible to configure applyUnifiedTCIstate-r17 for each RS. The straightforward way is to include applyUnifiedTCIstate-r17 within NZP-CSI-RS-Resource IE.
Proposal 10: applyUnifiedTCIstate-r17 is placed within NZP-CSI-RS-Resource IE.

RAN1 also agreed to support configuring whether to follow unified TCI state for SRS per resource level. To support per-RS control, it should be possible to configure applyUnifiedTCIstate-r17 for each SRS resource. The straightforward way is to include applyUnifiedTCIstate-r17 within SRS-Config IE.
Proposal 11: applyUnifiedTCIstate-r17 is placed within SRS-Config IE.

3. Conclusion 
In this contribution, we discuss main issues related to unified TCI state configurations for inter-cell BM and propose the following: 
Proposal 1: To confirm that DL TCI is configured within PDSCH-Config. 
Proposal 2: RRC-configured TCI state pool can be absent in PDSCH configurtaion. If absent, a reference indicated by {cell ID, bwp-Id} is used as qcl info, as similar to inter-cell BM. 
Proposal 3: UL TCI pool is configured by a new IE TCI-State-UL-r17 dedicated to UL TCI states.  
Proposal 4: UL TCI pool is configured per UL BWP, not per PUxCH level. 
Proposal 5: UL TCI IE includes a) TCI state ID, spatialRelation field (SRS needs to be added, optional), and c) pathloss RS (optional), d) a reference to power control parameters (optional). 
Proposal 6: UE can be configured with either joint TCI configuration or separate TCI configuration. Switching between joint and separate TCI configuration is done only via RRC. 
Proposal 7: DL TCI state ID is assigned within its own TCI state space {0, …, 127} and UL TCI state ID is assigned within its own TCI state space {0, …, 63}. 
Proposal 8: applyUnifiedTCIstate-r17 is configured within ControlResourceSet IE. 
Proposal 9: There is no need to support configuring the flag per search space in RAN2 specification. 
Proposal 10: applyUnifiedTCIstate-r17 is placed within NZP-CSI-RS-Resource IE.
Proposal 11: applyUnifiedTCIstate-r17 is placed within SRS-Config IE.
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