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Introduction
Rel-16 eMIMO introduced various enhancements for multi-beam operation. Rel-17 FeMIMO WI will further enhance the multi-beam operation [1]. This document mainly discusses issue 1.a below.
	· 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
The following was agreed in RAN1#102-e:
	Agreement 
Note: the enumeration for issues (such as “issue 1a), 1b), 6) in the proposal below refers to the enumeration within the proposals, not Table 1 in the FL summary.
1.  [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
0. Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
0. The term “TCI” at least comprises a TCI state that includes at least one source RS to provide a reference (UE assumption) for determining QCL and/or spatial filter 
0. The source reference signal(s) in M TCIs provide common QCL information at least for UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC
1. FFS: Optionally this common QCL information can also apply to CSI-RS resource for CSI, CSI-RS resource for BM, and CSI-RS for tracking
1. FFS: Applicability on PDSCH includes PDSCH default beam
1. Working Assumption: Select between M=1 and M>=1
0. The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC, 
2. Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
2. FFS:  applicability of this UL TX spatial filter to SRS configured for beam management (BM)
2. FFS: PUSCH port determination based on the TCI, e.g., to be mapped with SRS ports analogous to Rel.15/16
2. Working Assumption: Select between N=1 and N>=1
0. FFS: extension to common QCL information applied to only some of the CORESETs or PUCCH resources in a CC, e.g. for mTRP 
0. FFS: When used for the purpose of joint beam indication for UL and DL, whether a joint TCI pool for DL and UL dedicated for the purpose is used, or the same TCI pool as that used for the purpose of separate DL/UL beam indication is used 
0. Note: The resulting beam indication directly refers to the associated source RS(s)
0. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
0. FFS (RAN1#103-e): The supported number of active TCI states considering factors such as multi-TRP and issue 6 
0. FFS (RAN1#103-e): Applicable QCL types, and co-existence with DL TCI and spatial relation indication in Rel.15/16
0. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives for accommodating the case of separate beam indication for UL and DL
1. Alt1. Utilize the joint TCI to include references for both DL and UL beams
1. Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
1. Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
1. Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
1. Note: The resulting beam indication directly refers to the associated source RS(s)
1. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
1. Note: This may be related to issue 5 as well as other reasons for different TCIs such as network flexibility/scheduling
0. Support the use of SSB/CSI-RS for BM and/or SRS for BM as source RS to determine a UL TX spatial filter in the unified TCI framework
2. Whether the UL TX spatial filter corresponds to UL TCI (separate from DL TCI) depends on the outcome of 1b) above
2. FFS: Support the use of non-BM CSI-RS and/or non-BM SRS in addition
0. In RAN1#103-e, decide if SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework
0. In RAN1#103-e, decide/finalize all other parameters included in or concurrent with (but not included in) the TCI, e.g. UL-PC-related parameters (involving P0/alpha, PL RS, and/or closed loop index), UL-timing-related parameters  
0. In RAN1#103-e, identify issues pertaining to alignment between DL and UL default beam assumptions using the unified TCI framework



The main use case for common beam operation is when the same beam is used for UE-specific control and data channels. Overhead and latency can be reduced if a single TCI state activation command can be used to update the beam for the channels/signals using the common beam, instead of one TCI state activation per CORESET and PDSCH. 
In typical operation, the CSI-RS resource for CSI should use the same beam that would subsequently be used for PDSCH, in order to guarantee accurate CSI reports. Therefore, as the TCI state for PDSCH is updated based on common beam, it is natural to also update the CSI-RS resource for CSI. It can be noted that (UL) common beam operation is supported for SRS for antenna switching, which is also used for DL CSI.
CSI-RS resources for BM are typically transmitted on different beams than the beam used for PDCCH/PDSCH, perhaps except the CSI-RS resource for BM that is currently used as a serving beam, i.e. used for PDCCH/PDSCH and as a BFD RS. Therefore, it is in general not suitable to apply common QCL information to CSI-RS resources for BM.
Proposal 1: Common QCL information can also apply to CSI-RS resource for CSI.
Common beam operation is meant to support very efficient operation when all control and data channels as well as their associated reference signals use the same beam, i.e. M=1. 
If M>1, multiple TCI states, e.g. multiple common beams, are activated, which is already supported by Rel-15/16 operation. For multi-TRP operation, it might be motivated to support M=2, for example to maintain a TCI state per CORESET pool. However, we propose to support at least M=1 initially, and further discuss the support for M=2 at a later stage in Rel-17 if time permits, or in a later release.
Proposal 2: Support at least M=1. Further discuss M=2.
Similarly as for the downlink, the most important case is single common beam operation, i.e. N=1. We propose to proceed with N=1 and come back to N=2 later in Rel-17 if time permits, or in a later release. 
Proposal 3: Support at least N=1. Further discuss N=2.
In RAN1#103-e, the following was agreed.
	Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· [bookmark: _Hlk61355408]FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.

Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 



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 for BM 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. RRC reconfiguration to switch between those modes of operation should be avoided. From a configuration overhead perspective, it is most efficient to use the same TCI state pool for joint and separate UL/DL beam indication. 
The UL TX beam could be determined from the source RS with QCL-TypeD in the TCI state, both in joint and separate DL/UL indication. The PL RS doesn’t need to be explicitly included in the TCI state since the PL RS may be indicated for example by the SRI field in the UL grant, as in Rel-15/16.
Proposal 4: 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.
Proposal 5: The UL TX beam can be determined from the source RS with QCL-TypeD in the TCI state.
In massive MIMO and multi-TRP deployments, a large number of CSI-RSs for BM is required to ensure that a reported DL beam is close to the optimal DL beam. To some extent, this issue can be alleviated by the iterative beam refinement procedure, which however has the drawback of increased latency and complexity, and potentially increased reconfiguration overhead.
Using SRS for BM as a spatial source RS for DL could be beneficial in the context of massive MIMO and multi-TRP, since the amount of CSI-RS for BM and corresponding measurements and reporting can be reduced.
The beam management latency using CSI-RS involves CSI-RS transmission and UE RX beam adjustments, L1-RSRP/SINR measurement, CSI report encoding/transmission on PUCCH/PUSCH on the UE side, and decoding of CSI report on the gNB side.
The beam management latency using SRS for BM involves SRS transmission on the UE side and gNB RX beam adjustments and measurements on the gNB side.
Hence, beam management latency could be reduced by using SRS for BM as spatial source RS for DL.
In terms of UE power consumption, more SRS transmission may be introduced, but this may be compensated by less CSI measurement and CSI reporting on PUCCH/PUSCH.
Proposal 6: SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework.
 2.2 Dynamic TCI State Signaling
The following was agreed in RAN1#103-e:
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism



The existing DCI format 1_1 and 1_2 can indicate one out of up to eight TCI codepoints, where the codepoints correspond to TCI states that are activated by MAC CE. There are several ways to solve the separate DL/UL beam indication using only the existing DCI formats 1_1 and 1_2. Hence, there is no need to introduce a new format or enhance another format (e.g. 0_1, 0_2).
Proposal 7: An additional DCI format dedicated for UL-only beam indication is not supported.
When a DL TCI state is activated (by MAC CE), the UE may need to perform time, frequency and beam tuning before the corresponding DL Rx beam can be used. When an UL TCI state is activated (by MAC CE), the UE may need to perform additional actions, such as powering on a power amplifier, performing Rx/Tx circuit calibration (for beam correspondence), etc. Hence, for the case of separate DL/UL TCI state update, it may be advantageous if the UE knows which of the activated TCI states that are DL TCI states, which that are UL TCI states, and which that joint DL/UL TCI states. This can be done by indicating in the MAC CE that activates a TCI state if it is jointly applicable to DL and UL, if the TCI state is applicable to DL only, or if the TCI state is applicable to UL only.
Proposal 8: A TCI state can be activated as a joint DL/UL TCI state, a DL TCI state or an UL TCI state.
In other words, a subset of the TCI codepoints may correspond to DL TCI states and another subset may correspond to UL TCI states. UL-only TCI state update can be achieved by indicating by DCI format 1_1 or 1_2 by indicating a TCI codepoint that corresponds to an TCI state that has been activated as an UL TCI state. Consequently, for separate DL/UL beam indication, an UL-only beam indication using DCI format 1_1 or 1_2 can be achieved by indicating a TCI codepoint that corresponds to an UL TCI state.
Proposal 9: For separate DL/UL beam indication using DCI format 1_1/1_2, an UL-only beam indication can be achieved by indicating a TCI codepoint that corresponds to an UL TCI state.
Conclusion
In this contribution, we considered aspects of multi-beam operation enhancement. We have the following proposals: 
Proposal 1: Common QCL information can also apply to CSI-RS resource for CSI.
Proposal 2: Support at least M=1. Further discuss M=2.
Proposal 3: Support at least N=1. Further discuss N=2.
Proposal 4: 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.
Proposal 5: The UL TX beam can be determined from the source RS with QCL-TypeD in the TCI state.
Proposal 6: SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework.
Proposal 7: An additional DCI format dedicated for UL-only beam indication is not supported.
Proposal 8: A TCI state can be activated as a joint DL/UL TCI state, a DL TCI state or an UL TCI state.
Proposal 9: For separate DL/UL beam indication using DCI format 1_1/1_2, an UL-only beam indication can be achieved by indicating a TCI codepoint that corresponds to an UL TCI state.
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