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1	Introduction
In [1], a Rel-17 work item for further enhancements to NR MIMO was agreed. One objective of the work item concerns enhancements to multi-beam operation:
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 

During RAN1#104bis-e, multiple multi-beam agreements were made. This contribution will provide further input to the agreements and related topics.
[bookmark: _Ref178064866]2	Discussion
2.1	Unified TCI framework
2.1.1	Possible target RSs for the unified TCI
In RAN#104-e, the following conclusion was made:
Conclusion
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC

We note that DL TCI applies to UE-dedicated reception on PDSCH and all of CORESETs, and that UL TCI applies to dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. Then, the following agreement was also made:
Agreement
On Rel.17 unified TCI framework, decide by RAN1#104bis-e:
· Whether DL or, if applicable, joint TCI also applies to the following signals. If not, FFS any other enhancement over Rel.15/16:
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· Whether UL or, if applicable, joint TCI also applies to the following signals
· Some SRS resources or resource sets for BM

Here the discussion point is on additional target RSs, i.e., how is the QCL source provided for the reception of CSI-RS, and how is the UL TX spatial filter determined for SRS.
In Rel-17, the intent is that the unified TCI is the only way to convey DL QCL assumptions and spatial Tx filter information to the UE: we do not mix unified TCI states with Rel-15/16 TCI states or Rel-15/16 spatial relations: 
[bookmark: _Toc71532531]A UE can be configured either with unified TCI states or Rel-15/16 TCI states and spatial relations.
Thus, the starting point is that all RSs/channels can use the RSs in a unified TCI state as a DL QCL source and to determine the spatial Tx filter. If the UE is configured with unified TCI states, it would derive the QCL properties for all RSs using unified TCI states. The way to provide the UE with a unified TCI state would then have to be introduced, like the way that TCI states/spatial relations are provided to R15/16 UEs. For example, a list of unified TCI states should be included in the CSI-AssociatedReportConfigInfo. 
The main point is that it should be possible to provide a unified TCI state as QCL source for all types of CSI-RSs:
[bookmark: _Toc71532532]A unified TCI state can be applied as QCL source for CSI-RS for CSI, CSI-RS for tracking and CSI-RS for beam management.
How this unified TCI state is signalled to the UE is another issue. The fact that a unified TCI state is applicable does not mean that it can be signalled using DCI, or that it must be the same as the PDCCH/PDSCH TCI state.
The same argument holds for SRS: if information about the UL Tx beam is provided to the UE, it should be provided using unified TCI – not via Rel-15/16 spatial relations:
[bookmark: _Toc71532533]A unified TCI state can be applied to all types of SRS resources, resource sets and usages of resource sets, similar to the application of a R15/16 spatial relation. 
A related but still separate question is which reference signals should follow the unified TCI state signalled to the UE via DCI, i.e., which reference signals could use the common beam. For DL, the relevant reference signal is CSI-RS, and this topic has been discussed in several meetings. The CSI-RS can be distinguished by its purpose (CSI acquisition or BM) and time behaviour (periodic, semi-persistent and aperiodic). We will discuss the purpose first, and then look into the time-domain behaviour.
CSI-RS for CSI acquisition is used by the UE to estimate the channel quality. The UE reports at least CQI, which the NW uses to select at least MCS for subsequent PDSCH transmissions. In this case, it is clearly relevant that the UE derives the CQI using the QCL assumptions of the PDSCH: only under rare circumstances would any other QCL source be relevant.
The situation is similar for CSI-RS for BM with repetition ‘off’. The UE reports L1-RSRP/L1-SINR for several CSI-RS resources, which the NW uses to select TX beam. If the UE performs the measurements using the QCL assumptions of the PDCCH/PDSCH, the reported L1-RSRP/L1-SINR measurements would be relevant as long as the UE uses these QCL assumptions. In current beam management deployments, this type of measurements is commonly used.
CSI-RS for BM with repetition ‘on’ was introduced to facilitate that the UE performs an Rx beam sweep. The UE will typically utilize a different Rx beam than is used to receive PDCCH/PDSCH when receiving CSI-RS for BM with repetition ‘on’. However, the QCL-TypeD assumptions provided to the UE would be used as a starting point for a potential UE Rx beam sweep, so the QCL-TypeD assumptions are still relevant.
Summing up, we realize that using the QCL assumptions of PDCCH/PDSCH, i.e., the common beam, is a relevant use case for all types of CSI-RS:
[bookmark: _Toc71532516]Using the QCL assumptions of PDCCH/PDSCH is a relevant use case for all types of CSI-RS resource sets: without repetition, with repetition ‘on’ and with repetition ‘off’. 
We now study the time-domain behavior of the CSI-RS. In Rel-16, aperiodic CSI-RS is trigger using aperiodic triggering states, where it is possible to provide QCL assumptions as part of the RRC configuration. However, the UE may also use a default QCL assumption if the scheduling offset between the PDCCH and CSI-RS is smaller than a threshold. This default QCL assumption corresponds to the common beam in Rel-17:
[bookmark: _Toc71532517]The default QCL assumption of aperiodic CSI-RS in Rel-15 corresponds to the Rel-17 common beam. 
Here we propose that the Rel-17 common beam is applicable to aperiodic CSI-RS, but without the relation to the scheduling offset: 
[bookmark: _Toc71532534]If the UE is not provided a TCI state in the aperiodic triggering state, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
We thus propose to reuse the default behavior from Rel-15/16 and extend it to all scheduling offsets. It would also seem natural to keep the behavior for the case when the scheduling offset if smaller than a threshold. 
For periodic CSI-RS, the same paradigm can be used: if there is no TCI state configured to the UE, the UE uses the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS:
[bookmark: _Toc71532535]If the UE is not provided with qcl-InfoPeriodicCSI-RS for a periodic CSI-RS resource, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
For semi-persistent CSI-RS, a similar paradigm can be used:
[bookmark: _Toc71532536]If there is no TCI state in the SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
When a CSI-RS is used as source reference signal(s) in the DL TCI, a TCI state must of course be provided. 
2.1.2	Possible source RSs for the unified TCI
In RAN1#104-e, the following agreements were made:
Agreement
On Rel.17 unified TCI framework:
· For joint and separate DL/UL TCI, DL large scale QCL properties are inferred from one (qcl-Type1) or two RSs (qcl-Type1 and qcl-Type2) analogous to Rel.15/16
· For joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D 

Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types 

These two agreements are important cornerstones in defining the use of the unified TCI. We also agree to reuse the QCL relations defined in Rel-15/16 for TypeD. Interestingly enough, there is no corresponding agreement for other QCL types. Therefore, we propose:
[bookmark: _Toc71532537]For the unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 are supported for all QCL types.
During the RAN1 discussions, there seems to be common understanding that at least some of the QCL relations currently specified in 38.214 apply, e.g., that a QCL TypeA source RS is needed to demodulate PDCCH/PDSCH DMRS. 
In the last agreement, there is an FFS on additional source RS types for QCL TypeD. We note that the note in the second agreement is incomplete: CSI-RS for CSI is currently supported as source RS for QCL-TypeD, so the remaining discussion points are if SSB and/or SRS for beam management are supported as source RS types.
The first agreement states that there will be two RSs in a unified TCI state, where each RS provides the UE with different QCL properties. The foreseen use case is that one of the RSs will provide QCL TypeA, and the other will provide QCL TypeD. So far, the only RSs that can be used to provide QCL TypeA are CSI-RS for tracking and CSI-RS for CSI. By allowing SSB or SRS as a valid source RS for QCL TypeD, the following TCI state contents would be valid:
· Proposed: (QCL TypeA: CSI-RS for tracking/CSI, QCL TypeD: SSB)
· Proposed: (QCL TypeA: CSI-RS for tracking/CSI, QCL TypeD: SRS)
Note that the UE must be provided with a CSI-RS for tracking/CSI even with the proposed addition, and the NW has to transmit the CSI-RS for tracking/CSI. Today, the following TCI state is allowed:
· Currently supported: (QCL TypeA: CSI-RS for tracking/CSI, QCL TypeD: CSI-RS for tracking/CSI)
This means that we can reuse the CSI-RS used for QCL TypeA also for QCL TypeD. Since the CSI-RS must be configured and transmitted in any case, adding SSB and/or SRS as an additional source RS for QCL TypeD does not lead to any reduction in UE configuration overhead, nor in any reduction of transmission overhead at the NW side:
[bookmark: _Toc71532518]Since SSB or SRS cannot be used as source RS for QCL TypeA, there is no reduction in configuration or transmission overhead associated with the introduction of SSB or SRS as a source RS for QCL TypeD.
However, if SSB could be used as QCL source also for QCL TypeA, there would be a benefit to allow SSB as a source RS for QCL TypeD. 
We fail to see the benefits to support SRS as a source RS in DL TCI state. It is well-known that the UE can derive an UL TX spatial filter from a DL RX spatial filter, and it is quite likely that the reversed direction is also possible. This would point to that it could be relevant to allow an SRS as an RS from which the UE could derive the QCL-TypeD properties to receive, e.g., PDCCH. The idea would be that some TCI states contain SRS resource Ids. The gNB triggers an SRS sweep, performs measurements on the received SRSs, determines a preferred SRS resource, and activates a TCI state which contains the preferred SRS resource Id. The UE would then use the DL RX spatial filter corresponding to the UL TX spatial filter it used for the transmission of the preferred SRS resource.
The benefits of such a solution are questionable, for the following two reasons:
1. The preferred DL TX filter (the UE RX beam) must be updated to cater for that the UE rotates. This change can be rather quick, meaning that frequent SRSs must be triggered, only to maintain DL connectivity. The same issue applies to the use of SRS as a source RS for UL TCI. 
2. The TCI state must anyway contain a DL RS so that the UE can derive the QCL-TypeA or QCL-TypeC properties. That same RS could just as well have been used also to derive the QCL-TypeD properties. In fact, the UE must use a certain RX beam to receive the RS used for QCL-TypeA or QCL-TypeC, and it would make the setup inconsistent if different RX beam were used to receive the QCL-TypeA RS and the target signal.

Based on the above discussion, we propose
[bookmark: _Toc71532538]SRS for beam management cannot be configured as a source RS to represent a DL RX spatial filter.
2.1.3 	On N>1 and M>1
One discussion point that keeps coming back is the M>1 and N>1. In recent discussions, M/N>1 means that the UE can be provided with more than one QCL assumption/reference for determining UL TX filter. However, it is unclear if this is limited to the agreed DCI indication, or if other indication methods are also applicable. For example, if the UE is provided with one TCI state in DCI, and is then required to perform measurements on aperiodic CSI-RS with another TCI state, does this imply M>1? Or is M/N>1 related to reception of PDCCH/PDSCH, implying multi-TRP operation? We propose to clarify this:
[bookmark: _Toc71532539]Clarify the use case for M/N>1. 
We note that if multiple TCI states need to be provided to the UE for reception of PDCCH/PDSCH, i.e., that one TCI state is only applicable to some PDCCHs/PDSCH, MAC CE can be used to activate several TCI states. However, the mapping between a TCI state and the subset of PDCCH/PDSCH is still unclear.
2.1.4	On TCI state pools
It is important to remember that common beam operation is more common and need to be efficiently supported also across UL and DL. The configuration and application of the UL TCI is an add-on that can be configured if needed. Furthermore, it is most likely that UL TCI is an optional UE capability. If the pool of UL TCI states is separate from the DL TCI states, the mapping between UE capability and RRC configuration will be quite straightforward: a UE that supports UL TCI can be configured with a pool of UL TCI states. If the pool is common between UL and DL TCI states, the mapping between UE capability and RRC configuration is far more complex.
[bookmark: _Toc61889341][bookmark: _Toc71532519]If the UL TCI states is taken from a separate pool of TCI states, the mapping between UE capability and RRC configuration is very straightforward.  
Furthermore, since an UL TCI state will be readily applicable across CCs for intra-band CA, it would become easier to reduce the RRC signalling overhead.
Last but not least, the structure in RRC becomes cleaner if a separate pool is defined. Based on the above arguments, we propose
[bookmark: _Toc61889358][bookmark: _Toc71532540]The UL TCI state is taken from another pool of TCI states than the DL TCI state. 
However, the aspects discussed here are more in the RAN2 domain. One option would be to simply indicate to RAN2 what properties need to be defined for an UL TCI state, and let RAN2 design the actual signalling.
Another discussion point is if the DL or joint TCI states should be defined on cell-group level, i.e., if we should change the Rel-15/16 solution, where the TCI states are configured in the PDSCH configuration. For this new way of configuring the TCI states, we have the following comments:
· Configuring the TCI states on cell-group level will lead to complications regarding the definition of the RS used for QCL-TypeA. 
· For FR1-FR2 CA, the TCI states for the FR1 CCs will not have QCL-TypeD. In FR1, the SSB configuration will most likely be different, so TCI state definitions for FR1 CCs cannot readily be reused for FR2 CCs in any case. 
· There are issues related to BFD. 
Most of these issues can be solved or circumvented, but it would seem that the proposed solutions cannot be readily used for the FR1-FR2 case: here we simply need different sets of TCI states for FR1 and FR2.
The claimed benefit of cell-group definition is that it reduces the RRC overhead. However, considering the proposed solutions to the QCL-TypeA issue, this reduction of overhead does not come for free – it limits the configuration possibilities for NW. Furthermore, issues related to RRC overhead should be handled by RAN2 – they have the expertise to decide what is relevant and what is not relevant. Finally, we note that the current paradigm where the (DL) TCI states are defined on cell level is deployed and at least to some extent validated. We also note that so far, there have been no agreements that would render the TCI state RRC IE outdated: so far, we can reuse the RRC IE. Based on these observations, we propose to keep the Rel-15/16 solution and define the TCI states on cell level:
[bookmark: _Toc71532541]Reuse the configuration structure of DL TCI states from Rel-15/16 for the joint/DL TCI states, i.e., define the joint/DL TCI states on cell level.
As already remarked, most or all of these disadvantages disappear for UL TCI states: there is no correspondence to QCL-TypeA, UL TCI is not relevant for FR1, there are no impacts to BFD, and there are no UL TCI states in deployed networks.
2.1.5	Power control
During RAN1#104bis-e, there was some discussion about power control and its relation to the unified TCI framework. The following was agreed:
 Agreement
On Rel.17 unified TCI framework, in RAN1#105-e, further discuss to down select or combine from the following three alternatives for PL-RS (note: the text below is based on the agreed description in RAN1#104-e):
· AltA. PL-RS can be included in UL TCI state (or, if applicable, joint TCI state).
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state. 
· AltB. PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· [bookmark: _Hlk71111739]AltC. UE calculates path-loss based on periodic DL RS configured as the source RS for determining spatial TX filter in UL or (if applicable) joint TCI state 
· FFS: If a PL RS is not included in or associated with the UL TCI state (or, if applicable, joint TCI state), whether the UE can estimate path-loss based on the PL-RS of an UL RS provided in an UL TCI state (or, if applicable, joint TCI state) as a source RS for determining the spatial TX filter.

To us, it is clear that there should be a relation between the UL TCI state and the PL RS. In fact, as soon as the reference signal the UE uses to determine the UL TX spatial filter changes, the PL RS should change as well, and vice versa: as long as the reference signal the UE uses to determine the UL TX spatial filter remains the same, there is no reason to change the PL RS. Hence, AltA in the agreement provides the right functionality, with the least amount of signaling. In AltB it is somewhat unclear what “associated” means, but it may imply that the relation between the UL TCI state and PL RS has to be separately signalled, leading to an additional signalling load, which seems unnecessary. AltC would seem to cover the most important case, but is not complete, since the source RS used to determine the spatial Tx filter may be an SRS. Based on this thinking, we propose
[bookmark: _Toc71532542]The PL-RS can be included in UL TCI state (or, if applicable, joint TCI state). 
We note that the most common case is that the PL RS is the periodic DL RS configured as the source RS for determining spatial TX filter. Since that same RS is also an allowed configuration option for the PL RS, the UE must thus be able to track that RS. Allowing the NW to omit the explicit configuration of a PL RS, and ask the UE to fall back to using the periodic DL RS configured as the source RS for determining spatial TX filter thus does not lead to additional UE complexity: it is merely an RRC parameter substitution. 
As part of previous agreements, there is a notion of activated TCI states. If a TCI state includes a PL RS, there may be more than 4 activated PL RS at the same time, and it is even likely that there will be more than 4 activated TCI states. This may be beyond the capabilities of today’s UEs. However, the benefits of directly including the PL RS in the TCI state are large, and logically sound:
[bookmark: _Toc71532543]The UE shall be able to track all the PL RSs in activated TCI states.  
If deemed really necessary, a simple selection rule can be defined to reduce UE complexity. One example of such a rule is to select the N latest activated PL RSs, where N can be 4. This may of course lead to that the NW may indicate a TCI state that is activated, but where the UE does not track the corresponding PL RS. If so, the UE can use the previous PL RS, until sufficient accuracy can be ensured for the new PL RS.
Other power control parameters (P0/alpha, CL index) were also discussed during RAN1#104bis-e, and the following options were agreed:
  Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, for each of PUSCH, PUCCH, and SRS, in RAN1#105-e, further discuss to down-select or combine from the following alternatives:
1. AltA. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
1. AltB. The setting of (P0, alpha, closed loop index) is also included with UL or (if applicable) joint TCI state
1. AltC. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
Note: It has been agreed that the setting of (P0, alpha, closed loop index) is associated with UL channel or UL RS (therefore the setting is channel- and signal-specific).

In contrast to the PL RS, (P0/alpha, CL index) are not related to the UL TCI state. These parameters are only related to the type of channel, or to what information is transmitted over the channel. For example, one set of PC parameter would be relevant for PUCCH, and another set of power-control parameters would be relevant for PUSCH. However, using different values of, e.g., P0 depending on in which direction the PUSCH is transmitted would not seem motivated:
[bookmark: _Toc71532544]P0 and alpha are not associated with the UL TCI.
The remaining parameter to discuss is the closed-loop index:
[bookmark: _Toc71532545]Further discuss how to handle the closed-loop index.
2.2	L1/L2-centric inter-cell mobility
L1/L2-centric inter-cell mobility is mentioned explicitly in the WID:
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:

Although the Rel-15/16 beam management procedures were defined for the case where one TRP transmits signals in beams, the procedures are equally applicable to the case where more than one TRP transmit the signals: measurements can be performed from reference signals from any TRP and a TCI state can contain reference signals transmitted from any TRP. However, there is currently an important restriction: all the TRPs must broadcast the same physical cell identity (PCI) in their SSBs. Due to this restriction, beam management is sometimes called “intra-cell mobility”.
The statement in the WID on L1/L2-centric mobility aims at removing the somewhat artificial restriction that all TRPs must broadcast the same PCI.
2.2.1	Performance of L1/L2-centric inter-cell mobility
To investigate the potential performance impact of faster handover procedures for inter-cell mobility, we have performed simulations for the Dense Urban scenario described in the EVM [6] with 120km/h UE speed and 10 UEs at random positions along the trajectory for each drop. Half of the trajectory (72000 slots) was simulated in each drop, and a total of 100 drops was performed. The UE channel mobility was updated every 10 ms, and inter-cell handover search was performed every 100 ms, with a handover margin of 3 dB. Further details about the simulation parameters can be found in [5]. The handover procedure has been evaluated with respect to two different handover models: L1/L2 and L3, where we have set the handover model parameters as:
· Handover deactivation delay: L1/L2: 10 ms, L3: 1000 ms 
· Handover interruption time with no data transfer: L1/L2: 5 slots, L3: 80 ms
The resulting C.D.F. of user throughput is shown in Figure 1; the mean and cell-edge user throughput is reduced by 16% and 23% respectively using the L3 model compared to the L1/L2 model. 
[image: ]
[bookmark: _Ref68606991]Figure 1 C.D.F of User Throughput comparison between the L1/L2 and L3 handover procedure model
Note that the above performance improvement over L3 mobility requires two things:
1. Measurements are performed on L1 and reported over UCI. This will reduce the time it takes for the measurements to reach the gNB, and will make it possible for the gNB to make better choices on when to change TRP.
2. The change of TRP is signaled over L1/L2. This will lead to a faster switch, and a significant reduction in the interrupt.
Again: note that both components are needed: 
[bookmark: _Toc71532520]To reap the benefits of L1/L2 centric inter-cell mobility, both measurements and beam indication for non-serving cells must be specified.
Note that it is not easy to perform RRC reconfigurations based on L1 reports: since L1 is terminated in the DU, L1 reports do not reach the CU, where RRC is implemented.
2.2.2	RAN1 components to support L1/L2-centric inter-cell mobility
In RAN1#104-e, the following agreement was reached:
Agreement
On Rel.17 enhancements for L1/L2-centric inter-cell mobility, 
· Discuss whether to support at least the source RS types already agreed for intra-cell mobility for the purpose of referencing to non-serving cell(s). Note: This implies the following source RS(s): 
· CSI-RS for BM configured for non-serving cell(s) for DL QCL and UL TX spatial references
· CSI-RS for tracking (TRS) configured for non-serving cell(s) for DL QCL and UL TX spatial references
· SSB configured for non-serving cell(s) for UL TX spatial references
· SRS for BM configured for non-serving cell(s) for UL TX spatial references
· FFS: whether to support CSI-RS for mobility 
· FFS: whether to support other source RS(s) potentially agreed later for intra-cell mobility
· FFS: whether to support CSI-RS for BM and tracking configured for non-serving cell(s) and without non-serving cell SSB as QCL-TypeD source
· Send an LS to RAN2 on TCI state update (beam indication) using source RS configured for non-serving cell(s) for DL reception and UL transmission. The following topics are considered for the LS: 
· RRC configuration issues
· Serving cell issues
· C-RNTI issues
· Issues related to CU-DU split
· Inter-band CA issues
· Inter-frequency issues

The formulations are somewhat confusing: reference signals do not reference non-serving cells, and the notion of “configured for non-serving cell(s)” is inaccurate: some reference signals are configured in the serving cell, though. The UE does not have any notion from which “cell” an RS is transmitted, except for the information in the TCI state:
[bookmark: _Toc71532521]The UE does not have any notion from which “cell” a reference signal is transmitted, except for the information in the TCI state.
The QCL framework has been designed to be flexible: the UE is provided with information about relations between reference signal A and reference signal B. The UE can use the large-scale properties of reference signal A to receive reference signal B. The allowed QCL combinations are introduced to ensure that the large-scale properties of reference signal A are rich enough to receive reference signal B. There are no limitations on how reference signal A is transmitted: it can be transmitted from any TRP, transmitting whatever additional signals, including non-serving SSBs. This is an inherent property of the QCL framework, which we propose to confirm:
[bookmark: _Toc71532546]Confirm that the agreed QCL relations are applicable irrespective of which “cell” the source reference signals are transmitted from.
Since QCL relations describe physical properties, “cell” actually means “TRP”, which actually makes the proposal somewhat superfluous. Note that we also have the following conclusion from the inter-cell multi-TRP agenda item:
Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.

For inter-cell multi-TRP, it is thus already concluded that the source and target RS relations can be used for non-serving RSs.
Note that the TCI states and the reference signals that are used in the TCI states are all configured in the serving cell. QCL relations that are applicable “for non-serving cells” can still be configured in the serving cell:
[bookmark: _Toc71532522]TCI states that are applicable “for non-serving cells” can still be configured in the serving cell.
This was even noted in a RAN1#103-e agreement:
Agreement (RAN1#103-e)
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
1. The following use cases are assumed: 
0. Network architecture: 
0. NSA, i.e. LTE PCell and NR-PSCell 
0. SA
0. Intra-band CA 
1. FFS: If inter-band CA is also included
0. Intra- RAT (excluding inter-RAT) 
0. Intra-frequency scenario: 
3. The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell
3. An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
3. FFS: Support for inter-frequency scenario
0. FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
1. The following enhancement scope is assumed: 
1. Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
0. FFS: Detailed/exact method(s)
0. FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
0. FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
0. FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
1. Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
1. FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
1. FFS: other information needed for inter-cell mobility
1. Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration

In the above agreement there is an FFS for beam indication. In our interpretation, beam indication for TCI(s) associated with non-serving cell RS(s) would imply that a TCI state with non-serving RS could serve as a QCL source for PDCCH DMRS and PDSCH DMRS, and to determine the spatial Tx filter for PUSCH, PUCCH and SRS. This beam indication is actually the corner stone of the improving the support of serving UEs that move across larger areas. The reduction of the interrupt, as well as the possibilities for more advanced measurement filtering (e.g., machine learning) will lead to improved user experience, as illustrated in subsection 2.2.1. Thus, we propose
[bookmark: _Ref68508228][bookmark: _Toc71532547]Support beam indication for TCI(s) associated with non-serving cell RS(s), i.e., allow a TCI state associated with a non-serving RS to act as a QCL source for PDCCH DMRS and PDSCH DMRS, and as a reference to determine the spatial Tx filter for PUSCH, PUCCH and SRS. 
Note that also in Proposal 17, we only remove the somewhat artificial restriction on that beam management procedures can only be applied among TRPs broadcasting the same PCI.
In RAN1#104bis-e, the following agreement was reached on the reporting content:
Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-initiated

This agreement states that we support beam reporting on non-serving cells. We propose to use the intra-cell beam reporting as a blueprint when designing the inter-cell beam reporting. 
The maximum number of beams to report in the Rel-15 beam reports is 4. Since the NW may benefit from more information, it may be beneficial to include more than 4 beams in the report for the Rel-17 report. Hence, we propose
[bookmark: _Toc71532548]Up to 8 beams can be reported in a single CSI reporting instance.
This can be capped by UE capability.
In RAN1#104bis-e, this agreement was also reached:

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.

This agreement contains some open issues and FFSs. The first open issue that was discussed to some level of detail in RAN1#104bis-e is how many non-serving cells can be included in one CSI reporting instance. Clearly, from a performance point of view, the more non-serving cells that are included in one CSI reporting instance, the better. In addition, UE complexity must be considered. It would seem that UE complexity would depend on how many non-serving cells the UE measures: the more non-serving cells, potentially un-synchronized with the serving cell, the UE measures, the higher demand on the UE measurement capability:
[bookmark: _Toc71532523]The UE complexity of non-serving cell measurements is mainly determined by the total number of non-serving cells the UE measures. 
However, the UE complexity should be independent of if the measured non-serving cells are included in the same or different CSI reporting instances. Since no UE complexity impact has been identified, we propose
[bookmark: _Toc71532549]Up to K non-serving cells can be included in one CSI reporting instance.
The total number of measured non-serving cells is FFS. One of the FFSs in the agreement is related to the detailed reporting method. As previously remarked, here we propose to reuse the CSI reporting framework also for inter-cell beam reporting.
The NW configures the UE to perform measurements on SSBs by using the RRC IE CSI-SSB-ResourceSet. In Rel-16, an CSI-SSB-ResourceSet contains a list of SSB indices, implicitly pointing to the current serving cell. The CSI-SSB-ResourceSet is then referenced from the CSI-AssociatedReportConfigInfo (for aperiodic reporting) or from CSI-ResourceConfig (for periodic and semi-persistent reporting).
It would thus seem appropriate to include the non-serving cell SSB configuration in the CSI-SSB-ResourceSet. With this addition, the UE can be configured to report using periodic, semi-persistent and aperiodic reporting. Also, in this case, there are two options: 
1. The non-serving cell SSB configuration is included directly in the CSI-SSB-ResourceSet, meaning that all SSBs in one CSI-SSB-ResourceSet belong to the same non-serving cell. 
2. The non-serving cell SSB configuration is included in the field csi-SSB-ResourceList, inside the CSI-SSB-ResourceSet. This means that one CSI-SSB-ResourceSet can contain SSBs from different cells.              
Here it would seem that the second option is preferable: the first option may be prohibitively complicated. Thus, we propose
[bookmark: _Toc71532550]Define the CSI-SSB-ResourceSet so that one report can contain measurements from different cells.
In the agreement above, inter-cell multi-TRP is mentioned explicitly. We will therefore briefly discuss it here, although it strictly belongs to another agenda item. It would seem clear that measurements on CSI-RS would be needed for inter-cell multi-TRP operation: for inter-cell multi-TRP, it is necessary to perform measurements on CSI-RS transmitted from a TRP broadcasting another PCI. To support link adaptation, measurements on CSI-RS for CSI would be needed, and the corresponding report would need to include at least a suitable combination of CQI, PMI, CRI, LI, and RI, so that link adaption can be performed for the subsequent PDSCH transmissions. It would also be beneficial to support RSRP measurements on CSI-RS, i.e., to support CSI-RS for beam management and the CSI-RSRP measurement quantity. The reporting would be configured in the serving cell. Thus, we propose
[bookmark: _Toc71532551]Support measurements on CSI-RS for CSI and beam management, transmitted from the non-serving TRP, but configured in the serving cell. Also support the reporting of the corresponding measurement quantities.
The only specification change that is needed to support such measurements on CSI-RS is to include non-serving cell information in a TCI state. There was actually an agreement to incorporate non-serving cell information in some TCI state(s) already in RAN1#103-e:
Agreement (RAN1#103-e)
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
1. The following use cases are assumed: 
2. Network architecture: 
0. NSA, i.e. LTE PCell and NR-PSCell 
0. SA
2. Intra-band CA 
1. FFS: If inter-band CA is also included
2. Intra- RAT (excluding inter-RAT) 
2. Intra-frequency scenario: 
3. The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell
3. An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
3. FFS: Support for inter-frequency scenario
2. FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
1. The following enhancement scope is assumed: 
3. Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
0. FFS: Detailed/exact method(s)
0. FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
0. FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
0. FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
3. Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
1. FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
1. FFS: other information needed for inter-cell mobility
3. Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration

In the agreement, it is stated that Rel-17 should incorporate non-serving cell info with some TCI(s) to facilitate measurement and reporting. The next step is to decide
· What non-serving cell info should be incorporated?
· How should it be incorporated?
Non-serving cell info includes at least PCI – this is what the UE uses to identify a non-serving cell. Hence, we propose
[bookmark: _Toc71532552]Non-serving cell information includes PCI of the non-serving cell.
We note there is a similar agreement in inter-cell multi-TRP:
Agreement (RAN1#104-e)
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit

Additional non-serving cell information would help the UE to find the SSBs where the non-serving PCI is included. Again, there is a parallel agreement in the inter-cell multi-TRP agenda item:
Agreement (RAN1#104-e)
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit

In contrast to the PCI, it is not obvious that these quantities are needed for L1/L2-centric inter-cell mobility. Therefore, we propose
[bookmark: _Toc71532553]Further consider if SSB time domain position, transmission periodicity and transmission power should be included in the non-serving cell information that is incorporated in the TCI state.
We note that for L3 measurements, the SSB measurements must be performed within the SMTC window. If measurements outside the SMTC window should be supported, the UE must be provided with the SSB periodicity. 
2.3	Additional details on the TCI signalling mechanism design
2.3.1	Issues related to DCI format 1_1/1_2
In RAN1#103e, the following was agreed:
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

RAN1 thus agreed to support DCI-based beam indication using DCI format 1_1/1_2. The DCI based indication operates on a list of activated TCI states, providing a large amount of flexibility. The actual beam updates are then performed using DCI, which provides faster updates than are needed. 
Then, in RAN1#104bis-e, the following was agreed:
Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.

With this agreement, the meaning for four fields (RV, MCS, NDI and FDRA) has been changed. In a sense, RAN1 has defined ‘magic’ values for these four fields.
In the latest agreement, it is stated that the remaining unused DCI fields and codepoints are reserved in Rel-17. This means that these fields cannot be used for a new purpose in Rel-17. This is very reasonable: the DCI is composed by a set of RRC configured fields with a specific meaning. This structure leads to sufficient flexibility, while at the same time allowing for efficient implementation in the UE. To repurpose DCI fields, the UE would have to first check for the ‘magic’ values, and only then interpret the remaining fields. Of course, there would not be any way to RRC-configure the repurposed fields: the fields would have to be configured using their original meaning. Overall, this would break the design philosophy of the DCI detection. Therefore, we propose
[bookmark: _Toc71532554]Do not repurpose any fields in DCI format 1_1 or 1_2. 
Both DCI signaling methods for TCI state update rely on MAC CE activation. The details of this MAC CE activation are still open: it is not clear if one DCI code point can map to one, two or more TCI states, and what types of TCI states can be mapped to a code point. It is not clear how the UE would interpret the TCI state(s) that map to a DCI code point. Since RAN1 has now agreed to two (?!) ways to update the TCI state via DCI, it is important that both rely on same underlying MAC CE activation:
[bookmark: _Toc71532555]The UE interprets the TCI state(s) mapped to a DCI code point in the same way irrespective of if DCI format 1_1/1_2 with or without downlink assignment is used. 
2.3.2	Handling of separate and joint TCI states
To support separate update of UL/DL TCI states, MAC CE would be used to activate a set of pairs of TCI states. Each pair would contain one TCI state for DL and one TCI state for UL. When the code point in DCI indicates one pair, the UE would update the DL beam indication using the DL TCI state, and the UL beam indication using the UL TCI state:
[bookmark: _Toc71532556]To support separate DL/UL TCI states, MAC CE will activate pairs of TCI states, where the first TCI state in the pair would be the DL TCI state, and the second TCI state would be the UL TCI state.
A DCI code point indicating a pair of TCI states would activate one DL TCI state and one UL TCI state.
This is illustrated in Figure 2.
[image: ]
[bookmark: _Ref67925849]Figure 2: Mapping between DCI codepoints and pairs of activated TCI states. 
We note that UL-only beam indication would be achieved using pairs of TCI states where only the UL TCI state would be different.
The switching between joint and separate UL/DL TCI was discussed in RAN1#104, and the following was agreed:
Agreement
On Rel.17 unified TCI framework, by RAN1#104bis-e, down select or modify at least one from the following alternatives:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Details on dynamic indication are FFS
· FFS: UE capability for the support of joint DL/UL TCI and/or separate DL/UL TCI
· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling
· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling
· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling
· Details on how this is signaled in relation to TCI activation are FFS

In Figure 2, there is no switching between joint and separate DL/UL TCI: only separate DL/UL TCI is used. However, as we see it, joint DL/UL TCI is a special case of separate DL/UL TCI: if the separate DL/UL TCI states point to the same (DL) RS, the UE will effectively use joint TCI:
[bookmark: _Toc71532524]Joint DL/UL TCI is a special case of separate DL/UL TCI.
We can make this explicit as shown in the example in Figure 3:
[image: ]
[bookmark: _Ref68509732]Figure 3: An example where the UE is configured with a mix of joint TCI states and separate DL/UL TCI states. Each column is mapped to one DCI codepoint.
It is clear that we can achieve the same thing with the general signaling in Figure 2, and there is no meaning to introduce separate handling of a mix of joint and separate TCI states.
As we have concluded that joint DL/UL TCI is a special case of separate DL/UL TCI states, there are essentially two cases that are interesting: either we use only joint DL/UL TCI states, or only separate DL/UL TCI states. 
[bookmark: _Toc71532557]Support only joint DL/UL TCI states or only separate DL/UL TCI states.
These two cases can be realized using MAC CE, but the details can be left to RAN2:
[bookmark: _Toc71532558]The selection between joint DL/UL and separate DL/UL TCI is realized using MAC CE, and the details are left to RAN2.
During RAN1#104bis-e, it was proposed that under some circumstances, the activated TCI state(s) for the lowest codepoint is/are applied. As we see it, this type of indication could be used for cases where the DCI based TCI state update would not be needed. It would also seem less complex for the UE and the NW. We could also rely on functionality already present: the field tci-PresentInDCI. To clarify, we propose
[bookmark: _Toc71532559]When tci-PresentInDCI is not configured for any CORESET, the UE applies the activated TCI state(s) for the lowest codepoint.
The activation delay would follow the rules for TCI state activation via MAC CE from Rel-15.
2.3.3	Beam application timing
During RAN1#104-e, there was also a long discussion on the beam application timing. One important agreement was made, and a few alternatives were formulated related to the reference point for the timing:
Agreement
On the beam application time for Rel.17 DCI-based beam indication, the beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· FFS: the reference for defining the UE capability (e.g. from DCI reception or ACK transmission)
· FFS: whether a UE is allowed to report more than 1 values in case of MPUE
· FFS: the application time when DCI and applied channel(s) are on different CCs with same/different SCS(s)s

Agreement
On Rel.17 DCI-based beam indication, regarding application time of the beam indication: if beam indication is successfully received and the newly indicated beam in the beam indication is different from the previously indicated beam, down-select (no later than RAN1#105-e) one from the following. No other alternatives will be considered:
· Alt1: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the DCI with the joint or separate DL/UL beam indication
· Alt2A: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16) 
· Alt2C: Support both Alt1 and Alt2A, and introduce a UE capability that indicates the support of Alt1 or Alt2A
· Alt3: the first slot that is at least X1 ms or Y1 symbols after the [first/last] symbol of the DCI with beam indication and X2 ms or Y2 symbols after the [first/last] symbol of the acknowledgment of the beam indication
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y

We note from the first agreement that there will be a UE capability for the beam application time, and that the NW will be able to configure the actual beam application time based on that UE capability. Both NW and UE thus have control over the beam-switch timing. The remaining issue is to determine the reference timing.
During the past two meetings, there has been a vivid discussion on this topic. The main two options are if the beam application time is counted from the transmission of the DCI, or from the transmission of the ACK. 
It would seem clear that the relevant time reference is the reception of the DCI: the UE will need some time after receiving the DCI before it knows that it should switch beams and can apply the new beam. We also note that the time between the DCI including the beam switch command and the corresponding ACK varies, depending on NW scheduling. This is illustrated in Figure 4.

[image: ]
[bookmark: _Ref68529526]Figure 4: The NW may schedule the ACK for a beam indication in one of many UL slots. 
Referring to Figure 4, we realize that if the reference time is the transmission of the ACK, the UE would have to assume the shortest DCI-to-ACK time. In case the NW configures a larger K1, the resulting beam switch will be slower than the UE can support. We thus observe
[bookmark: _Toc71532525]If the reference time of the beam application is the transmission of the ACK, the resulting beam application time may be unnecessarily conservative.
A lot of the discussion has revolved if there are circumstances where it is reasonable to configure the beam switch timing before the ACK. Many companies seem to think that there are situations where this would be relevant. Following the principles in 3GPP, this should then be allowed, and left to implementation.
Based on the above observations, we propose
[bookmark: _Toc71532560]The beam application time is the first slot that is at least X ms or Y symbols after the last symbol of the DCI with the joint or separate DL/UL beam indication, i.e., Alt1.
2.4	Fast UL panel switching and MPE mitigation 
2.4.1	Fast UL panel switching
In RAN1#104bis-e, the following was agreed:
Agreement 
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose.

In the agreement, three options regarding the panel ID are listed. 
Fundamentally, we could consider the extreme case where the NW has full control over all the UE panels, and full information about all properties about all the UE panels. The NW could perform ideal scheduling on any of the UE panels. Essentially, the UE would turn into multiple UEs that the NW would have to schedule individually, but with some dependency for instance on transmit power and frequency allocations. The scheduling problem faced by the NW resembles the scheduling problem of UL CA, and the NW complexity would be of a similar magnitude:
[bookmark: _Toc71532526]From a NW complexity point of view, UL multi-panel scheduling is similar to UL CA scheduling. 
Since the NW complexity of UL multi-panel scheduling is high, there should be clear and significant benefits with an explicit panel identifier. UE Tx panels have been discussed during both Rel-16 and Rel-17, EVMs have been agreed, and simulations have been performed. In all these discussions, there has been no indication that an explicit panel identifier would be beneficial. What some (but not all simulations) have shown is that there is sometimes beneficial that the UE transmits in UL from another panel than the UE receives in DL. As we understand it, such UL transmissions can be achieved using UL TCI states, i.e., by using references to DL or UL RSs. In subsection 2.4.2., such a scheme is demonstrated. The benefits of an additional panel identifier have so far not been demonstrated. 
[bookmark: _Toc71532527][bookmark: _Hlk71621971]There has been no evidence that an explicit panel identifier provides any additional benefits compared to just steering UL transmissions using UL or joint DL/UL TCI.
Coming back to the options for a panel ID, it is stated that some representation of a panel ID is conveyed to the NW directly or indirectly in a CSI report. However, the options do not mention anything about how the NW would use the panel ID. In fact, the following agreements were reached in RAN1#104-e:
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS : Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection, for discussion purpose, a panel entity corresponds to one or more RS resources:
· For CSI/beam reporting, the RS resource is an RS associated with measurement and/or reporting
· For beam indication, the RS resource is a source RS for UL TX spatial filter information
· Note: For one RS resource, the corresponding panel entity may vary and is controlled by the UE, and whether/how to maintain a common understanding between gNB and UE can be further discussed/decided
· Note: The above does not preclude possibility that an RS resource can be mapped to multiple panels
· Note: The one or more RS resources may correspond to one or more RS resource set(s) depending on further discussion/decision
· Note: Specification should not be designed in such a way that the UE is required to disclose its antenna implementation

Two things are important to note from these agreements:
· Rel-17 TCI state update is used for UE UL panel selection.
· For beam indication, an RS resource corresponds to a panel entity.
Thus, RAN1 has agreed that for the actual beam indication, only the RS resource is used. This makes sense, since the UL Tx filter determines from which direction the UL is received, and the NW would have to know that to adjust its analog receiver. In addition, the scheduling grant determines the number of layers, precoder and MCS. However, apart from that, the NW does not necessarily have to know anything about the UL transmission to demodulate it. 
Thus, the panel ID is only used as additional information at the NW, and with this abstraction level, the NW can only decide which panel is used if the different panels map to different RS resources:
[bookmark: _Toc71532528]Since an RS resource is used as beam indication, the NW cannot in general decide which panel the UE should use for UL transmission.
Hence, even if the NW knew that different panels would have different properties, the NW cannot instruct the UE to use a certain panel, since the panel identity is hidden behind the RS resource identity.  Only in special cases, the NW can instruct the UE to use a certain panel. Interestingly enough, the cases where the NW could instruct the UE to use a specific panel is when the panels are mapped to different RSs in the UL or joint DL/UL TCI state, in which case scheduling using UL or joint DL/UL TCI would work fine.
These comments are related to previous RAN1 agreements and reflect the fact that the UE (for good reasons) do not want to expose its panel arrangement and antenna properties. This makes it even more difficult to design an efficient scheme that explores the various panels at the UE. 
Summing up, we realize that
· Fundamentally, there are no indications that scheduling using an explicit panel ID would be any better than scheduling using UL or joint DL/UL TCI.
· The Rel-17 agreements make scheduling using an explicit panel ID impossible.
Since there have been no indications that an explicit panel ID would be beneficial, and since previous RAN1 agreements state that UL scheduling can only be performed using UL or joint DL/UL TCI, we do not see any motivation to add an explicit panel identifier, and propose
[bookmark: _Toc71532561]No additional specification support is introduced for UE Tx panel selection on top of the agreed Rel.17 TCI state signalling. 
Of course, if such benefits would be demonstrated, we would be happy to introduce specification support for an additional panel identifier.
We also fail to see why the UE should expose its panel status to the network. In Rel-15/16, the measurements reports sent by the UE provide the network with information to handle the communication. The network controls the spatial properties of the reception and transmission using TCI states and spatial relations. The NW may choose to activate TCI states, which means that the UE must be prepared to receive using the panel corresponding to the activated TCI states after a short delay. 
We propose to extend this interpretation to the unified TCI framework: a UE must be prepared to receive on a panel corresponding to an activated DL TCI state, and must be prepared to transmit on a panel corresponding to an activated UL or joint DL/UL TCI state:
[bookmark: _Toc71532562]After a small delay, the UE must be prepared to receive on a panel corresponding to an activated DL TCI state, and must be prepared to transmit on a panel corresponding to an activated UL TCI state.
With this approach, the UE can freely deactivate only panels that do not correspond to activated TCI states. Panels that correspond to activated TCI states cannot be freely deactivated. However, the activated TCI states would correspond to useful beam pair links, and the UE should typically not deactivate panels corresponding to useful beam pair links. (Nor does the NW activate TCI states corresponding to useless beam pair links.) The UE is of course still allowed to reduce the transmit power on certain panels to comply with regulatory requirements. This may simply lead to degraded performance for some transmissions. 
There is no requirement for the UE to keep a panel corresponding to a deactivated TCI state active, even if the UE performed measurements using that panel.
2.4.2	MPE mitigation
In RAN1#104bis-e, the following was agreed:
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added

This agreement describes new reporting options to make the NW aware that the UE has reduced its maximum Tx power due to emission requirements, typically on one of its panels. We note that MPE is not a transient phenomenon: it is likely that the UE would have to maintain this lower Tx power for an extended period of time, in the order of a few seconds.
Hence, the NW will need to perform beam management that takes the reduced Tx power into account for as long as the MPE event occurs. Thus, there must be a way to perform NW-controlled beam management during an MPE event. 
NW-controlled beam management consists of (aperiodic, semi-persistent, periodic) measurement reporting and TCI state indication. As discussed in section 2.4.1, the Rel-17 TCI state signalling provides a way to perform the TCI state indication during an MPE event: as long as the NW has information about which reference signal corresponds to the best UL panel, the NW can use the TCI state that includes that reference signal to perform the scheduling. However, there is currently no way for the NW to request the UE to provide any report that describes the UL quality. Hence, some improvement to the UE reporting is motivated.
There are two main reporting types described in the agreement above:
1. Reporting based on the Rel-16 P-MPR framework. This is event-triggered: once the UE detects that it has to reduce its Tx power, it requests UL resources to send a MAC CE that describes the event. 
2. Reporting of SSBRI/CRI, similar to the L1-RSRP/L1-SINR reporting. Our understanding is that this would introduce a way for the NW to request the UE to provide information about the UL properties of a reference signal.  
When comparing the two methods, we realize that only the second option will enable continuous beam management operation: the first option will only provide a report when the MPE event first occurs: after that occurrence, no additional reporting is performed by the UE.
Since we have already concluded that continuous reporting is needed to maintain beam management during an MPE event, we propose to first specify an extension to the beam reporting:
[bookmark: _Ref68075303][bookmark: _Toc71532563]Support SSBRI/CRI reporting with a new reporting quantity that describes properties of an UL transmission that has the reported SSBRI/CRI in the UL TCI state.
We thus propose to introduce a new reporting quantity UL-RSRP, in addition to the already existing L1-RSRP and L1-SINR. This reporting quantity could be defined as
UL-RSRP = L1-RSRP – PDL + PUL
where L1-RSRP is the measured DL RSRP, PDL is the DL Tx power, and PUL is the available UL Tx power. Any Tx power reduction would affect PUL. We could also consider another normalization of the report.
Note that the beam report contains the N beams with the highest L1-RSRP/L1-SINR. This selection ensures that the NW receives information about the most suitable beams. This is important to take into account also in the beam reporting that takes MPE into account. In other words, it is not sufficient to amend the L1-RSRP report with a per-beam power headroom, since that will lead to that only the best DL beams are reported:
[bookmark: _Toc71532529]If the UE still reports the N beams with the best L1-RSRP, there is little chance that measurements from both panels are included, even if there is an MPE event.
If the NW becomes aware of an MPE event, it will request UL-RSRP reports from the UE and could take the Tx power reduction in subsequent scheduling decisions. We note that the Rel-16 P-MPR reporting framework gives the UE the possibility to inform that an MPE event occurs. A simplistic block diagram of the full procedure is provided in Figure 5.
[image: ]
[bookmark: _Ref68075134]Figure 5: Procedure to handle an MPE event.
In comparison with the UL beam reporting in Proposal 33, enhancements to the Rel-16 P-MPR reporting framework seem less important: with the current framework, the UE can already inform the NW that an MPE event has occurred, and based on this information the NW can start UL beam reporting. Therefore, we do not see that enhancements to the Rel-16 P-MPR reporting scheme are motivated. 
2.5	Latency reduction for beam acquisition/refinement/tracking 
In RAN1#104-e, the following was agreed:
Agreement
On Rel.17 enhancements based on the unified TCI framework, perform study and, if needed, specify the following:
· Group1: Beam management with reduced DL signaling to reduce latency
· Group2: Reducing activation delay of TCI states and PL-RSs (including other WGs, e.g. RAN4)
· On RAN4-related matters, assessment/study phase can be done in RAN1. If RAN4-based enhancements are found necessary, a LS to RAN4 will be sent (to prepare RAN4 work)
Note: Given its dependence on the maturity compared to other issues (1 to 5), when to start the work and how much work is done on issue 6 should depend on the progress on the other issues.
Note: Aim for at most one solution for each of the group in Rel-17 to address issue 6

The idea with these groups is to specify functionality that falls outside the categories previously described.
2.5.1 	Group 1
In RAN1#104bis-e, the following was agreed:
Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, perform study (for the purpose of down-selection and/or combining) and, if needed, specify the following candidate schemes from Group 1:
· Opt 1-1A: Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-1B: UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW)
· Opt 1-2: Semi-static NW-configured beam selection (without beam indication and measurement/reporting)
· Opt 1-3: SSB grouping to reduce beam training 
· Opt 1-4: Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Note: Aim for at most one solution for Group 1 in Rel-17 to address issue 6

2.5.1.1	Opt 1-1B: UE-initiated beam selection/activation based on beam measurement
In the beam management procedures, the gNB collects measurements from periodic or aperiodic reference signals, potentially followed by a TCI state update. The gNB never updates a TCI state without any measurement. It would thus seem attractive to have a way to integrate the measurement and a TCI state update.
Measurements on aperiodic CSI-RS provides a way to provide the UE with QCL sources in the TCI state, in the aperiodic trigger state:
CSI-AssociatedReportConfigInfo ::=  SEQUENCE {
    reportConfigId                      CSI-ReportConfigId,
    resourcesForChannel                 CHOICE {
        nzp-CSI-RS                          SEQUENCE {
            resourceSet                         INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig),
            qcl-info                            SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId
                                                                                        
        },
        csi-SSB-ResourceSet                 INTEGER (1..maxNrofCSI-SSB-ResourceSetsPerConfig)
    },
    csi-IM-ResourcesForInterference     INTEGER(1..maxNrofCSI-IM-ResourceSetsPerConfig)
                                                                                        
    nzp-CSI-RS-ResourcesForInterference INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)
                                                                                        
    ...
}
In Release-16, the UE uses the RSs in the corresponding TCI state when performing the measurement, but only for the measurement. The measurement is then followed by a TCI state update using MAC CE. In the overwhelming majority of cases, the gNB would follow the recommendation the UE provided in the measurement report.
To streamline the procedure, a UE that performed a measurement on an aperiodic CSI-RS where a QCL reference is included could perform a TCI state update without any additional signaling from the gNB. In other words, the UE can be configured to interpret a measurement on an aperiodic CSI-RS also as an implicit TCI state update. After performing the measurement, the UE would update the TCI state for subsequent demodulation of PDCCH and PDSCH. Hence, we propose
[bookmark: _Toc47708506][bookmark: _Toc71532564]After performing a measurement on an aperiodic CSI-RS, the UE would update the TCI state used as QCL source for the PDCCH/PDSCH DMRS to the QCL source corresponding to the best CSI-RS.
The updated TCI state is applied after a delay, to make sure that the gNB will have time to stop the update (in rare cases). The delay will also ensure that the gNB can discover signaling errors, i.e., that the UE missed the measurement trigger, or that the gNB missed the measurement report. If the gNB discovers a signaling error, it would have to send another aperiodic measurement trigger.
2.5.1.2	Opt 1-3: SSB grouping
Intra-band CA is commonly used in FR2. In each carrier, the NW typically transmits SSB in a beam swept fashion. In Rel-15/16, the UE cannot assume that there is any relation between SSB measurements on the different component carriers (CCs). The UE would have to perform measurements on every relevant CC and for a relevant CC, the UE would have to perform measurement on all SSBs on that CC. This is despite the fact that we often perform beam management jointly over the CCs. 
To streamline the measurement procedure, we propose to provide the UE with information on equivalent SSBs in the different CCs. The gNB would inform the UE that a measurement on one SSB in one carrier could be substituted for a measurement of another SSB on another carrier.
The main use case for this functionality would be that the gNB staggers the mapping of SSBs to Tx beams in different carriers. The benefits are illustrated in Figure 6.
 [image: ]
[bookmark: _Ref68530883]Figure 6: Example use case for equivalent SSBs. The gNB would inform the UE that SSB2 on CC0 is equivalent to SSB0 on CC1, and that SSB3 on CC0 is equivalent to SSB1 on CC1. The UE could then measure all SSB beams during a short period of time.
The principle of equivalent SSB can also be considered for the single-carrier case. The NW could in that case configure the UE with information about neighbor SSBs, so that the UE may speed up its Rx beam refinement by performing Rx beam refinement across different SSBs which share neighboring beams:
[bookmark: _Toc71532565]Support SSB grouping between CCs and within a CC, where the NW provides the UE with information about the relations between different SSBs.
2.5.1.3	Other proposals
2.5.1.3.1	Opt 1-1A: Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
For this proposal, it is not clear to us how the UL resources needed for the CSI reporting would be reserved. The CSI request is part of UL DCI to ensure there is an UL resource available, while the beam indication relies on DL DCI formats. If reporting is triggered using beam indication, the UL resources would have to be semi-statically reserved, which is inefficient.
2.5.1.3.2	Opt 1-2: Semi-static NW-configured beam selection (without beam indication and measurement/reporting)
Here the idea is that in some deployments, it is easy to predict the next beam that will be used. Therefore, it would be unnecessary to report to the NW which is the best beam.
It would seem that the sequence of used beams can be predicted. However, we do not immediately understand how the NW would know when to switch to the new beam. Also, it is not clear to us how common this scenario is.
2.5.1.3.3	Opt 1-4: Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
Aperiodic CSI-RS transmission triggered by one DCI is limited to one slot. The maximum number of aperiodically triggered CSI-RS resources in one slot is further capped by UE capabilities. This means that the number of beams that can be measured and reported from the same triggering DCI is limited. This proposal aims to loosen this restriction by allowing one DCI trigger measurements on multiple CSI-RS resource sets.
However, this limitation can be easily circumvented by triggering several consecutive measurement opportunities. It is even possible to trigger measurements on several CSI-RS resource sets in the same DCI.
2.5.2 	Group 2
In RAN1#104bis-e, the following was agreed:
Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, perform study (for the purpose of down-selection and/or combining) and, if needed, specify the following candidate schemes from Group 2:
· Opt 2-1A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-1B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-1C: Latency reduction for MAC CE based PUCCH resource/resource group activation
· Opt 2-2: Direct SCell TCI state activation
· Opt 2-3: Replacing RRC-based with MAC CE (or DCI) based for DL QCL or UL information update
· Opt 2-4: One-shot timing update for TCI state update
· Note: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Note: At least for Opt 2-1A/B, 2-2, and 2-4, RAN2 and RAN4 will at least have to be involved (some may be exclusively RAN2 and/or RAN4 work) 

2.5.2.1 	Reducing activation delay of TCI states and PL-RSs
One important part of the WI is to speed up the signalling related to beam management, so that it becomes possible to handle higher speeds or narrower beams. To speed up the beam management process, it is imperative to take all parts of the procedure into account. The complete beam management procedure is illustrated in Figure 7 when the gNB uses aperiodic CSI-RS to select TX beam.
The whole procedure consists of the following parts:
1. The gNB transmits an aperiodic CSI-RS
2. The UE performs a measurement and sends the report
3. The gNB sends a TCI state update, which is ACKed by the UE
4. The updated TCI state takes effect
5. The UE applies the new TCI state when the corresponding SSB has been received.

One interesting point to note from Figure 7 is that the UE according to current specification (38.133) needs to wait for the reception of the SSB corresponding to the activated TCI state. Since the time between SSBs is typically 20ms, this activation delay will in most cases dominate the beam management delay:
[bookmark: _Toc71532530]In current specification, the activation delay dominates the beam management delay. 
In the most common case, the UE will have performed a measurement on the RS in the newly activate TCI state. To perform a measurement on an RS, the UE must have derived QCL properties of that RS, at least regarding QCL-TypeC and QCL-TypeD. Thus, the UE has derived the QCL properties of the RS it reports. If the UE could remember the QCL properties of any RSs it has reported, at least for some time, it would be possible to avoid the activation delay, at least for some RS.
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[bookmark: _Ref68530786]Figure 7: Beam management when the gNB uses aperiodic CSI-RS to select Tx beam and the UE uses SSB to adjust its RX beam.
Note that the activation delay is described in RAN4 specifications. Reducing the activation delay, potentially using the method proposed in Error! Reference source not found., would require RAN4 involvement. Once RAN4 starts the Rel-17 work related to FeMIMO, any reduction in the TCI state activation delay would be very beneficial. Therefore, we propose
[bookmark: _Toc71532566]Explain the identified issue on TCI state activation delay in relation to the RAN1 work in a future LS to RAN4.
[bookmark: _Hlk61857909]2.5.2.2	One shot timing adjustment
In [2], RAN4 introduced so-called one-shot timing adjustment. One-shot timing adjustment implies that in case the UE experiences a large-enough offset in the reception timing, the UE performs a larger adjustment of its transmission timing. This functionality is beneficial for cases when there is an update in the TCI state so that the timing changes. Without such one-shot timing adjustment, the UE may adjust only slowly to changing timing, which would impact the performance.
Unfortunately, RAN4 failed to finalize the details of one-shot timing adjustment, and it was removed in [3]. For the functionality that is considered in the FeMIMO WI, where faster updates of beams, and potentially also changes in Rx timing are foreseen, it would be very beneficial if RAN4 could re-introduce the one-shot timing adjustment into 38.133. Therefore, we propose
[bookmark: _Toc71532567]Send an LS to RAN4 describing that RAN1 is considering faster beam updates and explain that one-shot timing adjustment would constitute a very important building block in that work. 
Without such one-shot timing adjustment, the NW may have to trigger frequent PRACH transmissions and/or MAC CE TA adjustment to make sure that the UL transmission arrive synchronously at the gNB. This may lead to high signaling load, which is visible already in today’s networks.
2.5.2.3	Other proposals
2.5.2.3.1	Opt 2-1C: Latency reduction for MAC CE based PUCCH resource/resource group activation
This proposal aims at reducing the activation delay for PUCCH beams for CA by employing a similar scheme as is used for TCI states in Rel-16. This seems motivated, but would fall quite naturally under Item 1, where CA optimizations are discussed.
2.5.2.3.2	Opt 2-2: Direct SCell TCI state activation
This proposal aims at immediately activating TCI state(s) when an SCell is activated. Discussions on this topic are currently happening in the CA AI, and it would seem appropriate to let that discussion continue. 
2.5.2.3.3	Opt 2-3: Replacing RRC-based with MAC CE (or DCI) based for DL QCL or UL information update
Replacing RRC with MAC CE or DCI is a cornerstone of the signaling enhancements in Rel-16 and Rel-17. It is not clear to us which signals are targeted here. We note that the Rel-17 common beam can be updated using DCI, and that the QCL source of SP CSI-RS can be updated using MAC CE. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	Using the QCL assumptions of PDCCH/PDSCH is a relevant use case for all types of CSI-RS resource sets: without repetition, with repetition ‘on’ and with repetition ‘off’.
Observation 2	The default QCL assumption of aperiodic CSI-RS in Rel-15 corresponds to the Rel-17 common beam.
Observation 3	Since SSB or SRS cannot be used as source RS for QCL TypeA, there is no reduction in configuration or transmission overhead associated with the introduction of SSB or SRS as a source RS for QCL TypeD.
Observation 4	If the UL TCI states is taken from a separate pool of TCI states, the mapping between UE capability and RRC configuration is very straightforward.
Observation 5	To reap the benefits of L1/L2 centric inter-cell mobility, both measurements and beam indication for non-serving cells must be specified.
Observation 6	The UE does not have any notion from which “cell” a reference signal is transmitted, except for the information in the TCI state.
Observation 7	TCI states that are applicable “for non-serving cells” can still be configured in the serving cell.
Observation 8	The UE complexity of non-serving cell measurements is mainly determined by the total number of non-serving cells the UE measures.
Observation 9	Joint DL/UL TCI is a special case of separate DL/UL TCI.
Observation 10	If the reference time of the beam application is the transmission of the ACK, the resulting beam application time may be unnecessarily conservative.
Observation 11	From a NW complexity point of view, UL multi-panel scheduling is similar to UL CA scheduling.
Observation 12	There has been no evidence that an explicit panel identifier provides any additional benefits compared to just steering UL transmissions using UL TCI.
Observation 13	Since an RS resource is used as beam indication, the NW cannot in general decide which panel the UE should use for UL transmission.
Observation 14	If the UE still reports the N beams with the best L1-RSRP, there is little chance that measurements from both panels are included, even if there is an MPE event.
Observation 15	In current specification, the activation delay dominates the beam management delay.
Based on the discussion in the previous sections we propose the following:
Proposal 1	A UE can be configured either with unified TCI states or Rel-15/16 TCI states and spatial relations.
Proposal 2	A unified TCI state can be applied as QCL source for CSI-RS for CSI, CSI-RS for tracking and CSI-RS for beam management.
Proposal 3	A unified TCI state can be applied to all types of SRS resources, resource sets and usages of resource sets, similar to the application of a R15/16 spatial relation.
Proposal 4	If the UE is not provided a TCI state in the aperiodic triggering state, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
Proposal 5	If the UE is not provided with qcl-InfoPeriodicCSI-RS for a periodic CSI-RS resource, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
Proposal 6	If there is no TCI state in the SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
Proposal 7	For the unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 are supported for all QCL types.
Proposal 8	SRS for beam management cannot be configured as a source RS to represent a DL RX spatial filter.
Proposal 9	Clarify the use case for M/N>1.
Proposal 10	The UL TCI state is taken from another pool of TCI states than the DL TCI state.
Proposal 11	Reuse the configuration structure of DL TCI states from Rel-15/16 for the joint/DL TCI states, i.e., define the joint/DL TCI states on cell level.
Proposal 12	The PL-RS can be included in UL TCI state (or, if applicable, joint TCI state).
Proposal 13	The UE shall be able to track all the PL RSs in activated TCI states.
Proposal 14	P0 and alpha are not associated with the UL TCI.
Proposal 15	Further discuss how to handle the closed-loop index.
Proposal 16	Confirm that the agreed QCL relations are applicable irrespective of which “cell” the source reference signals are transmitted from.
Proposal 17	Support beam indication for TCI(s) associated with non-serving cell RS(s), i.e., allow a TCI state associated with a non-serving RS to act as a QCL source for PDCCH DMRS and PDSCH DMRS, and as a reference to determine the spatial Tx filter for PUSCH, PUCCH and SRS.
Proposal 18	Up to 8 beams can be reported in a single CSI reporting instance.
Proposal 19	Up to K non-serving cells can be included in one CSI reporting instance.
Proposal 20	Define the CSI-SSB-ResourceSet so that one report can contain measurements from different cells.
Proposal 21	Support measurements on CSI-RS for CSI and beam management, transmitted from the non-serving TRP, but configured in the serving cell. Also support the reporting of the corresponding measurement quantities.
Proposal 22	Non-serving cell information includes PCI of the non-serving cell.
Proposal 23	Further consider if SSB time domain position, transmission periodicity and transmission power should be included in the non-serving cell information that is incorporated in the TCI state.
Proposal 24	Do not repurpose any fields in DCI format 1_1 or 1_2.
Proposal 25	The UE interprets the TCI state(s) mapped to a DCI code point in the same way irrespective of if DCI format 1_1/1_2 with or without downlink assignment is used.
Proposal 26	To support separate DL/UL TCI states, MAC CE will activate pairs of TCI states, where the first TCI state in the pair would be the DL TCI state, and the second TCI state would be the UL TCI state.
Proposal 27	Support only joint DL/UL TCI states or only separate DL/UL TCI states.
Proposal 28	The selection between joint DL/UL and separate DL/UL TCI is realized using MAC CE, and the details are left to RAN2.
Proposal 29	When tci-PresentInDCI is not configured for any CORESET, the UE applies the activated TCI state(s) for the lowest codepoint.
Proposal 30	The beam application time is the first slot that is at least X ms or Y symbols after the last symbol of the DCI with the joint or separate DL/UL beam indication, i.e., Alt1.
Proposal 31	No additional specification support is introduced for UE Tx panel selection on top of the agreed Rel.17 TCI state signalling.
Proposal 32	After a small delay, the UE must be prepared to receive on a panel corresponding to an activated DL TCI state, and must be prepared to transmit on a panel corresponding to an activated UL TCI state.
Proposal 33	Support SSBRI/CRI reporting with a new reporting quantity that describes properties of an UL transmission that has the reported SSBRI/CRI in the UL TCI state.
Proposal 34	After performing a measurement on an aperiodic CSI-RS, the UE would update the TCI state used as QCL source for the PDCCH/PDSCH DMRS to the QCL source corresponding to the best CSI-RS.
Proposal 35	Support SSB grouping between CCs and within a CC, where the NW provides the UE with information about the relations between different SSBs.
Proposal 36	Explain the identified issue on TCI state activation delay in relation to the RAN1 work in a future LS to RAN4.
Proposal 37	Send an LS to RAN4 describing that RAN1 is considering faster beam updates and explain that one-shot timing adjustment would constitute a very important building block in that work.
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