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In Rel-17 feMIMO WI, we introduce unified TCI framework for DL and UL beam indication. Related texts are extracted from the WID [1] as follows:
	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 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


RAN1 has made some progress for unified TCI framework design. In RAN2 post-meeting email discussion for feMIMO RRC [2], there are some discussions about corresponding RAN2 impacts. In this contribution, we provide our views of unified TCI framework operation, from RAN2 perspectives.
Discussion
Overall structure
The unified TCI framework operates in a manner similar to PDSCH TCI states in Rel-15/16 TCI frameworks. First, RRC configures one or multiple candidate TCI states. Then MAC CE may activate up to 8 candidate TCI states, one of which can then be indicated via DCI. The indicated TCI state will be used for PxCCH and PxSCH, and optionally for SRS and CSI-RS.
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Figure 1.	Overall structure of Rel-17 unified TCI
TCI state configurations
In recent meetings, RAN1 made the following agreements, which also require RAN2 actions.
	RAN1#106bis
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
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
RAN1#107
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.




From above RAN1 agreements, we have two options for TCI state pool (ID space) configuration:
· Opt#1: One TCI state pool for Joint, DL-only, and UL-only TCI states
· In the TCI-State IE, there is a field indicating the type of TCI state (Joint, DL-only, or UL-only)
· To support at most 128 DL TCI states plus 64 UL TCI states (for separate DL/UL TCI case), 8 bits are needed for each TCI state ID
· Opt#2: Two TCI state pools, one for Joint/DL TCI states, another for UL TCI states
· In the Joint/DL TCI-State IE, there is a field indicating the type of TCI state (Joint or DL-only).
· To support at most 128 Joint/DL TCI states, 7 bits are needed for each Joint/DL TCI state ID; to support at most 64 UL TCI states, 6 bits are needed for each Joint/DL TCI state ID.
Although we haven’t discussed the TCI state activation MAC CE format in detail, for the “separate DL/UL TCI state” case, if a codepoint may represent one DL TCI state and one UL TCI state, there must be some way for UE to know which TCI state ID is for UL and which is for DL, without checking the content of TCI-State IE. In other words, when DL and UL TCI states are in separate pools, UE knows which TCI states are indicated even if the TCI state IDs for DL and UL are the same. Then, since fewer bits are needed for each TCI state ID, we prefer Opt#2, i.e., Joint/DL and UL TCI are configured in different TCI state pools.
Observation 1:	Fewer bits are needed for each TCI state ID if Joint/DL TCI and UL TCI are configured in different TCI state pools.
Proposal 1:	Joint/DL TCI and UL TCI should be configured in different TCI state pools.
MAC CE for TCI state activation
RAN1 sent a LS [3] for RRC parameter list, in which an attachment [4] provides the following information for multi-beam operation:
	Parameter name in the spec
	Description
	Comment

	TCI-State_r17
	TCI state definition for Rel-17 unified TCI framework along with the components.
Analogous to Rel-15/16, this includes TCI state ID and QCL Type 1 and 2, In addition, it includes TCI state type (note: column P exact structure is up to RAN2)
	An additional field for UL spatial relation info may be needed when tci-StateType is 'ULO' (UL TCI only), or this function can be performed with qcl-Type1. It is up to RAN2 to decide.
It can be discussed in RAN2 whether tci-StateType values are needed or not (e.g. whether RAN2 can supersede/build on current RAN1 agreements to combine DL-only and joint TCI into one designation for RRC optimization)
It can be discussed in RAN2 whether a separate IE for UL-only TCI is needed (separately from the rest) as a part of RRC and/or MAC CE optimization
Applies only to Rel-17 unified TCI Framework

	UL_TCI-State_r17
	UL TCI. Analogous to Rel-15/16 spatial relation, this includes UL TCI state ID, 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"



RAN1 also sent an LS [5] for MAC CE impact, in which an attachment [6] provides the following information for multi-beam operation:
	Description
	Comment

	Activation of up to 8 TCI state codepoints for UE-dedicated channel/signals beam indication
This can be
- For joint beam indication
o A joint TCI state
- For separate beam indication
o DL only TCI state
o UL only TCI state
o DL TCI state + UL TCI state
	Agreement RAN1#106bis-e
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
• For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
• Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement RAN1#105-e
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


As concluded from [2], “joint beam indication” means that there is one TCI state ID for each codepoint, while “separate DL/UL beam indication” means that there may be two TCI state IDs for each codepoint. Therefore,
· When UE is configured with joint DL/UL TCI, one TCI state codepoint may be used to indicate a joint TCI state
· When UE is configured with separate DL/UL TCI, one TCI state codepoint may be used to indicate a DL-only TCI state, a UL-only TCI state, or a DL plus a UL TCI state.
For joint beam indication, the TCI state activation MAC CE may carry the serving cell ID, BWP ID, and a list of TCI states. 
Observation 2:	For joint beam indication, the TCI state activation MAC CE may carry the serving cell ID, BWP ID, and a list of TCI states.
An example MAC CE format is shown below.


Figure 2.	Example TCI state activation MAC CE for joint beam indication
For separate beam indication, the TCI state activation MAC CE may be more complicated. In addition to serving cell ID, BWP ID, and TCI state IDs, the MAC CE also needs to provide the following information:
· Is a TCI state ID for DL or UL?
· Does a codepoint represent a DL TCI state, a UL-only TCI state, or a pair of DL and UL TCI states?
Observation 3:	For separate beam indication, in addition to serving cell ID, BWP ID, and TCI state IDs, the MAC CE also needs to provide the following information: 
· Is a TCI state ID for DL or UL?
· Does a codepoint represent a DL TCI state, a UL-only TCI state, or a pair of DL and UL TCI states?
An example MAC CE format is shown below, in which the following extra fields are introduced:
· D/U: This bit indicating whether the TCI state ID in the same octet is for DL (0) or UL (1)
· SC (Same Codepoint): This bit exists only in octets containing UL TCI state IDs (D/U=1). If the bit is set (SC=1), the UL TCI state ID belongs to the same codepoint as the (DL) TCI state ID in the previous octet (that is, the codepoint represents a pair of DL and UL TCI states); otherwise, the codepoint represents only a UL TCI state. 


Figure 3.	Example TCI state activation MAC CE for joint beam indication
To explain how the MAC CE works, consider the TCI codepoint example in [2].
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Figure 4.	TCI codepoint example for separate beam indication [2]
The corresponding MAC CE is shown below.


As shown in the above example, the MAC CE allows a TCI codepoint to represent a single DL TCI state (Codepoint 0, 1), a pair of DL and UL TCI states (Codepoint 2 to 5), or a single UL TCI state (Codepoint 6, 7).
We suggest that RAN2 discuss the TCI state activation MAC CE format for both joint and separate beam indication methods.
Proposal 2:	RAN2 to discuss the TCI state activation MAC CE format for joint and separate beam indication.
Conclusion
This contribution discussed operations of Rel-17 unified TCI frameworks, from RAN2 perspectives. We have the following observations:
Observation 1:	Fewer bits are needed for each TCI state ID if Joint/DL TCI and UL TCI are configured in different TCI state pools.
Observation 2:	For joint beam indication, the TCI state activation MAC CE may carry the serving cell ID, BWP ID, and a list of TCI states.
Observation 3:	For separate beam indication, in addition to serving cell ID, BWP ID, and TCI state IDs, the MAC CE also needs to provide the following information: 
· Is a TCI state ID for DL or UL?
· Does a codepoint represent a DL TCI state, a UL-only TCI state, or a pair of DL and UL TCI states?
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Joint/DL TCI and UL TCI should be configured in different TCI state pools.
Proposal 2:	RAN2 to discuss the TCI state activation MAC CE format for joint and separate beam indication.
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