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1. Introduction
In RAN2#116 emeeting, the following FFS is left:
	Chair: On the issue about lists of TCI states P8. Can start e.g. from two lists as RRC rapporteur believes this is simplest. No option is excluded for now. However important: no option is intended to restrict what can be controlled in the end (by RRC, MAC CE, DCI). Shall avoid the “pool” notation for now unless it can be made clear what it is (i.e. what restriction is implied by it). In order to have a constructive discussion likely examples of RRC and consequences for MAC CE and DCI (tentative) are needed.


And in post-meeting email discussion,companies are still divergent on the RRC structure of TCI state list for unified TCI framework.
The intention of this contribution is to share our views on above issue. 
2. [bookmark: _Toc12718547]Discussion
According to the agreements in RAN1#106 meeting, the following agreements are achieved:
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

From above agreements, the following information can be obtained for RAN2:
· 1: RRC-configured TCI state pool for both DL and UL is configure in the PDSCH configuration (PDSCH-Config) as R15/16 did.
· 2: The RRC-configured TCI state pool of one BWP/CC can be referred by other BWP/CC, how to implement this is still FFS in RAN1
· 3:UE is able to use the TCI states from the TCI state pool as QCL for UL transmission on UE dedicated PUSCH/PUCCH.
· 4:UE is able to use the TCI states from the TCI state pool as QCL for DL transmission on UE dedicated PDSCH/PDCCH. 
Observation 1: According to the RAN1 agreements, the TCI state lists for both UL/DL transmission on UE dedicated channels shall be configured in PDSCH-Config of BWP-DownlinkDedicated, and the TCI state lists can be a reference to the other BWP/CC.
According to the observation 1, the first issue is how to implement the TCI state lists in PDSCH-Config, there are two alternatives on the table:
· 1: Configure a common list for all TCI states of DL/UL/Joint
· 2: Configure two separate lists for UL TCI states and DL/Joint TCI states
Both alternatives can literally work, the main difference between two alternatives is how many lists shall be maintained by UE ,we need to go a little further if we would like to identify the better one between them.
The first condition to determine which one is better is the RRC implementation complex and time consumption for further discussion. If we go for the separate lists, there maybe some further issues left, for example , if unified TCI states are absent in PDSCH-Config in one BWP, it will be replaced with a reference of unified TCI states pool from other BWP, in this case, if there are separate TCI state lists in one BWP, whether the reference BWPs can be different BWPs, i.e one reference BWP containing DL/Joint TCI state list, the other one reference BWP containing UL TCI state list?  It may spend more time to discuss than just using one common list.
Observation 2: In the case of a DL BWP not configured with any unified TCI state list, Separate List for TCI states (i.e UL list , DL/joint List) may cause an extra issue, that is, for one BWP/CC not configured with unified TCI state list, whether can be replaced with a reference of UL list from one BPW/CC and DL/Joint List from another BWP/CC. This issue cannot be resolved by RAN2 solely, and shall be confirmed by RAN1. 
the second consideration to determine which one is better for unified TCI state MAC CE design under different list structure (i.e common list or separate list)
If the common list is used:


Fig 1: The illustration of activation/deactivation of TCI state MAC CE structure based on the common list 
In the MAC CE structure based on the common list:
· TCI State IDi,y: Indicate the activated TCI state in the unified TCI state list. TCI State IDi,y is the y-th TCI state associated with the codepoint value i , if Ti is set to 1, the maximum value of y is 1, otherwise the maximum value of y is 0
· Ti field: Indicate how many TCI states are present for codepoint value i , TCI state pair is present if Ti is set to 1, otherwise, only one TCI state is present.
Hence according to above assumed MAC CE structure, the activation/deactivation of unified TCI state MAC CE would consume at most 18 octets for separate TCI stats and 10 octets for joint TCI state.
If the separate lists are adopted:


Fig 2: The illustration of unified TCI state MAC CE under the assumption of separate TCI lists
In the MAC CE structure based on the separate lists:
· TCI State IDi,y: Indicate the activated TCI state in the unified TCI state list. TCI State IDi,y is the y-th TCI state associated with the codepoint value i , if Ti is set to 1, the maximum value of y is 1, otherwise the maximum value of y is 0
· Ti field: Indicate how many TCI states are present for codepoint value i , TCI state pair is present if Ti is set to 1, otherwise, only one TCI state is present.
· U/L: Indicate the TCI state IDi,y contained in the same octet is from unified UL list or DL/Joint list.
Hence according to above assumed MAC CE structure, the activation/deactivation of unified TCI state MAC CE would consume at most 18 octets for separate TCI stats and 10 octets for joint TCI state.
Observation 3: Compare between the MAC CE structure assumption based on common list and separate lists, the bits consumption are the equal.
According observation 1 and observation 2, one common list for unified TCI state cause none future issues than the separate lists and having a same performance on MAC CE design, so we prefer to propose:
Proposal 1: One common TCI state list is used for unified TCI state that is configured in PDSCH-Config.  
If proposal 1 is agreed, above illustrated MAC CE can be taken into account:


Fig 3: The iactivation/deactivation of TCI state MAC CE 
In the MAC CE structure based on the common list:
· TCI State IDi,y: Indicate the activated TCI state in the unified TCI state list. TCI State IDi,y is the y+1 th TCI state associated with the codepoint value i , if Ti is set to 1, the maximum value of y is 1, otherwise the maximum value of y is 0
· Ti field: Indicate how many TCI states are present for codepoint value i , TCI state pair is present if Ti is set to 1, otherwise, only one TCI state is present. If TCI state IDi,y bit is not present, consider Ti field as R bit.
Proposal 2: Adopt the unified TCI state activation/deactivation MAC CE as in fig3.
3. Conclusion and proposals 
With the above analysis, we have the following conclusions and proposals:
Observation 1: According to the RAN1 agreements, the TCI state lists for both UL/DL transmission on UE dedicated channels shall be configured in PDSCH-Config of BWP-DownlinkDedicated, and the TCI state lists can be referred to the other BWP/CC.
Observation 2: In the case of a DL BWP not configured with any unified TCI state list, Separate List for TCI states (i.e UL list , DL/joint List) may cause an extra issue, that is, for one BWP/CC not configured with unified TCI state list, whether can be replaced with a reference of UL list from one BPW/CC and DL/Joint List from another BWP/CC. This issue cannot be resolved by RAN2 solely, and shall be confirmed by RAN1. 
Observation 3: Compare between the MAC CE structure assumption based on common list and separate lists, the bits consumption are equal.
Proposal 1: One common TCI state list is used for unified TCI state that is configured in PDSCH-Config.   
Proposal 2: Adopt the unified TCI state activation/deactivation MAC CE as illustrated above. 
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