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Introduction
Rel-16 eMIMO introduced various enhancements for multi-beam operation. Rel-17 FeMIMO WI further enhances the multi-beam operation [1].
	· Extend specification support in the following areas [RAN1]
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 to support higher intra- and L1/L2-centric inter-cell mobility 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)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 


Discussion
2.1 Unified TCI and Common Beam Operation
In RAN1#106-e, the following was agreed.
	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



The most attractive (efficient) mode of common beam operation is the use of the same common beam for both DL and UL. For example, DL control and data channels and their associated reference signals as well as UL control and data channels and their associated reference signals use the same CSI-RS resource as spatial source/reference. A beam switch of all those DL/UL channels/signals could potentially be achieved with a single TCI state update, with low latency and overhead.
On the other hand, it should also be possible to activate different TCI states for UL and DL, which for instance may be useful in heterogeneous networks and during MPE events. However, such operation with different TCI states for UL and DL is the exception, while common beam operation for UL and DL is the more common situation. Enhancements should therefore be optimized for joint UL/DL beam indication, while still supporting separate indications. 
Note that separate UL/DL beam indication could be used by the network during a time period, e.g. during an MPE event, and joint UL/DL beam indication could be used during other periods. From a configuration overhead perspective, it is most efficient to use the same TCI state pool for joint and separate UL/DL beam indication. 
It was agreed that at least for joint DL/UL TCI, the UL TX beam could be determined from the source RS with QCL-TypeD in the TCI state. Since both DL and UL TCI can be determined from the same TCI state in the case of joint DL/UL TCI, it seems feasible to also determine a separate UL TCI from a TCI state in the same pool.
Proposal 1: For the case of separate DL and UL TCI state update, the UL TCI state is taken from the same TCI state pool as the DL TCI state. If there are two RSs in the DL TCI state, the RS with QCL typeD is used as UL spatial source RS.
It has been agreed that the switching between using joint DL/UL TCI and separate DL/UL TCI is done by RRC. It would be beneficial if a RRC switch between joint and separate would not require a reconfiguration of the TCI state pool(s). Instead, the configured TCI state pool(s) could be kept when switching, which could instead be based on another parameter.
In the example of 128 configured TCI states for joint DL/UL TCI, each of those TCI states could be used to determine a separate DL TCI, if separate DL/UL TCI is configured. Similarly, assuming that the same TCI state pool can be used for UL TCI, a separate UL TCI could be determined from each of the 128 TCI states. Hence, the same number of TCI states can be configured for both joint and separate DL/UL TCI.
Proposal 2: When a UE is configured with separate DL/UL TCI: the largest number of configured TCI states for DL TCI state update is 128 per BWP per CC, and the largest number of configured TCI states for UL TCI state update is 128 per BWP per CC.
However, it might be more natural to determine these maximum numbers when RAN2 has made an agreement on same or different TCI state pool for separate DL/UL TCI as for joint DL/UL TCI.
2.2 Dynamic TCI State Signaling
Upon beam measurement and reporting, the gNB may decide to update the beam for DL and/or UL. In some cases, this involves indicating the new beam in a DCI. In other cases, the new beam is not yet mapped to a TCI codepoint. If so, the gNB first needs to activate a new set of TCIs using a MAC CE, waits some time until the TCI has been activated, and finally indicates it using a DCI. The last step could be avoided if the UE applies one of the newly activated TCI codepoints (e.g. lowest codepoint) directly upon activation, i.e. without DCI based indication. This speeds up beam application following MAC CE based activation, and also avoids the case of a deactivated TCI codepoint being applicable for CORESETs before a newly activated TCI codepoint is indicated in a DCI. Naturally, it’s up to gNB if it directly wants to indicate another TCI codepoint after activation, for example based on the most recent beam measurement and reporting.
Proposal 3: When multiple TCI codepoints are activated by MAC CE, the TCI state(s) for one of the codepoints is/are applied directly upon activation.
Conclusion
In this contribution, we considered aspects of multi-beam operation enhancement. We have the following proposals: 
Proposal 1: For the case of separate DL and UL TCI state update, the UL TCI state is taken from the same TCI state pool as the DL TCI state. If there are two RSs in the DL TCI state, the RS with QCL typeD is used as UL spatial source RS.
Proposal 2: When a UE is configured with separate DL/UL TCI: the largest number of configured TCI states for DL TCI state update is 128 per BWP per CC, and the largest number of configured TCI states for UL TCI state update is 128 per BWP per CC.
Proposal 3: When multiple TCI codepoints are activated by MAC CE, the TCI state(s) for one of the codepoints is/are applied directly upon activation.
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