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Introduction
In RAN4 meeting in Athens RAN4 continued the discussion from Spokane related to the UE requirements regarding TCI state and switching delay. A WF was agreed in Spokane [1] WF while only little progress was made in Athens. 
In this paper we continue to discuss the issues raised in the WF [1].
Discussion
The WF raised two points to be discussed further in RAN4:
· TCI switching Delay
· TCI details for SCell activation in FR2
In Athens RAN4 agreed following:
· [bookmark: _Hlk3210050]Agreement: cases of TCI state switching to be considered for RRM requirements
· Active TCI state switching for PDSCH based on DCI 
· Active TCI state switching for PDCCH based on MAC CE
A number of aspects were left open among others whether and how to define known/unknown TCI state, switching delays and possible interrupts when switching TCI state.

TCI Frame work
Initially we look at the TCI state frame work to facilitate the TCI state related UE requirements discussion in RAN4.  
RRC may configure the UE with a TCI state list in the PDSCH configuration. Additionally, the network may configure the UE with a list of TCI states used for PDCCH, which is a subset of the TCI states configured for PDSCH. Network may configure the UE with between 1 and 128 TCI states.
The network may additionally indicate UE, using MAC CE, a number of active TCI states for PDSCH (activation command). Similarly, the network may indicate the UE, in a MAC CE, a TCI state for PDCCH reception of a CORESET of the serving cell (activation command). It should be noted that the configuration of TCI states for PDSCH and PDCCH should be such that the UE can decode the PDSCH if it can decode the PDCCH.
When the UE receives a MAC activation command, the UE shall apply the indicated mapping between TCI states and Codepoint of the DCI field ‘Transmission Configuration Indication'. 
After the UE receives the RRC TCI state list configuration and before receiving the MAC activation command, the UE can assume that the DM-RS is QCL with SSB used for initial access. 

TCI switching Delay
A number of open issues were discussed in Athens meeting regarding the TCI switching and latencies.

RRC triggered TCI state change
One aspect was whether the higher layer configuration (RRC configuration) can directly can trigger a TCI state change. From higher layer configuration point it is possible that network only configures one TCI state – which could indicate that this TCI state shall be applied by the UE. 
It seems that the specification so far only covers the RRC configuration, the MAC activation and DCI change. It seems unclear whether receiving an RRC configuration with a single entry in the TCI state list also implicitly means that this TCI is activated upon reception of the RRC configuration or whether a separate MAC activation command is still necessary.
1. It is unclear from RAN1 and RAN2 specification whether MAC activation command is always necessary.

MAC CE triggered TCI state change
Another aspect discussed was the latency related to change of the active TCI states among the RRC configured TCI states. This latency relates to the latency when the UE receives a MAC CE indicating a new TCI state activation command (i.e. a new set of active TCI states for PDSCH and/or PDCCH). 
The latency for this case is clear from 38.214 section 5.1.5. The newly indicated mapping between DCI codepoint and TCI states should be applied in UE side starting from . Where ‘n’ refers to the slot where the ACK for the PDSCH carrying the activation command is transmitted.
The newly indicated mapping between DCI codepoint and TCI states should be applied in the UE starting from .
It was further discussed in Athens meeting whether there would be an additional latency on UE side once a new MAC CE is received, possibly changing the TCI state for the PDCCH. 
Under normal operating conditions the gNB should not reconfigure the active TCI states – especially the TCI state for PDCCH – blindly. I.e. without having received any measurements the relate SR unless network has good deployment visibility. Under normal conditions the new activation command would include TCI states for which the UE has send at least a measurement report. 
However, the network may send a MAC activation command including activating a one or more TCI states which RS have not been reported.
1. The MAC TCI activation command CE may include one or more TCI states whose RS has not been reported to the network.
Including e.g. one TCI state for which the associated RS has not been reported by the UE, would not necessarily mean that the UE would not be ready to receive (based on DCI indication) using another TCI state for which a UE measurement report has been sent earlier. I.e. only in case the MAC activation command to be applied by the UE is followed by a DCI indication, indicating use of TCI state for a PDCCH TCI state, for which the associated RS has not been reported, would there potentially be a need for additional UE measurement latency before reception is reliable. 
[bookmark: _Hlk5027638]Additional latency applying new codepoint is allowed if new MAC activation command includes ‘unknown’ PDCCH TCI state.
In Athens meeting RAN4 started the discussion regarding known/unknown TCI state and how this could be defined for beam management. Many companies took the similar approach as what RAN4 has been applying for e.g. SCell activation delays. I.e. the condition depends when the UE has sent the last measurement report related to SCell. 
For TCI state for PDCCH this could e.g. mean that if the UE has sent an L1-RSRP report for the RS associated to the PDCCH TCI state within a given time period, the TCI state would be defined as ‘known’. Otherwise it would be defined as ‘unknown’ or blind.
[bookmark: _Hlk5027653]The PDCCH TCI state is ‘blind’ if the UE has not sent an L1-RSRP report for the RS related to the PDCCH TCI state within a given time period.
In this situation RAN4 would need to discuss the actual latency would need to be decided for blind or unknown PDCCH TCI state. RAN4 should here account the RS used for the given TCI state. I.e. one approach is to define this latency based on the reference signal of the TCI State. 
Define the ‘blind’ TCI state change latency based on the reference signal of the TCI State.
However, one need to remember that network may configure MAC activation command including same PDCCH TCI state as currently in use. In this case there would of course not be a need for any reporting conditions.
As baseline for the actual latency it should be accounted that any MAC activation command includes TCI states only for beams within the serving cell. I.e. it can be assumed that the actual time and frequency changes will be rather limited. I.e. the amount of RS needed by the UE for fine tuning e.g. AGC, fine time/frequency settings can be assumed to small. We would assume that for SSB based RS one occasion should be enough while for CSI-RS based it would depend on the CSI-RS configuration.
For ‘blind’ TCI state switch, using SSB based RS, one additional SSB occasion latency is allowed.
For ‘blind’ TCI state switch, using CSI-RS based RS, one additional CSI-RS measurement latency is allowed.

DCI triggered TCI state change
The UE may be configured with up to 8 active TCI states which can then be switched dynamically by gNB by DCI commands. Switching between TCI states among active TCI states may be done on a need base from network point of view, to ensure that the UE is served/using the most suitable beam. 
One example of dynamic switching among active TCI states is that the gNB use one active TCI state for PDCCH and another active TCI state for PDSCH. I.e. dynamic TCI state switch by scheduling data using different beam than used for PDCCH.
Network may use DCI for dynamic switching among the activated TCI states.
For dynamic TCI state switching, the UE can under some conditions assume that the time between the PDCCH including the TCI state and the PDSCH is at least threshold timeDurationForQCL. This latency depends on the UE capability and applies for FR2. 
I.e. for FR2 and 60KHz and 120 KHz SCS the UE is allowed a certain minimum latency between receiving the PDCCH indicating the PDSCH and the actual scheduled PDSCH of threshold timeDurationForQCL.
For FR1 assumption is omnidirectional reception and a similar latency (timeDurationForQCL) is not defined.
In FR2 the UE is allowed a switching delay between active TCI states of timeDurationForQCL.
In FR1 a similar switching delay between active TCI states (timeDurationForQCL) is not defined.
From this it is clear that for dynamic TCI state change based on DCI indication/codepoint, RAN1 has already defined the necessary UE latency. As the UE can assume that the PDSCH has same timing as the PDCCH, there is no need for any further UE latencies. 
1. The UE can assume that the PDSCH has same timing as the PDCCH.
For DCI triggered PDSCH TCI state switch, no additional latency is needed besides what is defined by RAN1.
For DCI triggered TCI state change we propose to adapt the latency defined by RAN1.
Use defined RAN1 delay as baseline for defining RAN4 DCI based PDSCH TCI state change delay requirements.


TCI switching and Interrupts
Discussions related to interruptions due the TCI switch was raised during the discussions. Looking at the history and reasoning why interruptions were introduced in LTE (and later NR), a TCI state change should not cause interruptions. 
The dynamic TCI state change by DCI involves UE change of spatial Rx filters which does not cause interruptions as no RF needs to be activated.
Applying a new activation command received in a MAC CE should not cause interrupts either. Applying the new TCI states may involve activation of a new panel on the UE side (which is the reason for the current latency). However, activating a new panel should not lead to similar RF pulling as is the reasoning behind the current interrupts.

A TCI state change does not involve turning on or off any receivers.
A TCI state change does not cause interruptions on other active cells.
Based on this we do not see a need to introduce requirements for interrupts on other cells for neither DCI based TCI state switch nor for applying a new MAC based TCI state activation command.
RAN4 does not define interrupts on other cells due to receiving MAC TCI state activation command or DCI based TCI state switching.

TCI details for SCell activation in FR2
Summary: Only FR2, part of activation delay, until activation command is received – use SSB assumption. Nothing different from other serving cell.
For this case the question to be discussed was related to the fact that the UE can be configured with multiple TCI states and the SCell being present in a band without PCell/PSCell is being activated as first cell.
For this case RAN4 should consider the discussions carried out when discussing the number of cells and SSBs the UE should be able to measure. During this discussion it became clear that in Rel-15 the UE is only capable of receiving in one ‘direction’ at a time. Similar would then still need to be accounted in the discussion.
Additionally, RAN4 would need to look at the SCell activation delays discussion and which delays are considered for that.
Basically, the SCell configuration will include one or more BWP including a default BWP in the initial downlink BWP common configuration (downlinkConfigCommon) which is used when the SCell is being activated. If this is the initial SCell in the band the SCell would need to broadcast SSB, which would have been detected and reported by the UE – unless we’re discussing blind SCell activation.
38.214 states that ‘after a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD’.
I.e. UE uses the SSB until MAC activation command and DCI indication is received.
Based on the SSB and BWP the UE would possibly also be configured with CSI-RS linked to the BWP. In the end the three open issues in the WF:
· Procedure for down selecting to one active TCI state and spatial relation
· Order of procedure between Scell activation and TCI (spatial relation) selection
· Total delay required for all these procedures
All these procedures are closely related to beam management procedures. E.g. one could assume that the initial BWP on the SCell would be using the SSB as reference (Ref 38.214). If any further detailed beam refinement is needed, this would be done based on network configuration of the SCell and L1-RSRP reporting from the UE (covered by beam management procedures). The delays related to these procedures would be defined under those relevant procedures which applies for serving cells including activated SCells.
For the SCell activation the initial delay which is defined in RAN4 should be related to the default BWP configured for the SCell in SCell configuration. And this delay should be defined under SCell activation delay section.
RAN4 defines generic requirement for SCell activation delay.
SCell activation delay for an initial SCell in a band (without other serving cells) is defined based on the initial BWP (downlinkCommonConfig) of the SCell.

Conclusion
In this paper we discussed TCI state and switching delay as well as TCI state details for SCells upon activation. Based on the discussion:
1. [bookmark: _Hlk4957957]Additional latency applying new codepoint is allowed if new MAC activation command includes ‘unknown’ PDCCH TCI state.
The PDCCH TCI state is ‘blind’ if the UE has not sent an L1-RSRP report for the RS related to the PDCCH TCI state within a given time period.
Define the ‘blind’ TCI state change latency based on the reference signal of the TCI State.
For ‘blind’ TCI state switch, using SSB based RS, one additional SSB occasion latency is allowed.
For ‘blind’ TCI state switch, using CSI-RS based RS, one additional CSI-RS measurement latency is allowed.
For DCI triggered PDSCH TCI state switch, no additional latency is needed besides what is defined by RAN1.
Use defined RAN1 delay as baseline for defining RAN4 DCI based PDSCH TCI state change delay requirements.
RAN4 does not define interrupts on other cells due to receiving MAC TCI state activation command or DCI based TCI state switching.
RAN4 defines generic requirement for SCell activation delay.
SCell activation delay for an initial SCell in a band (without other serving cells) is defined based on the initial BWP (downlinkCommonConfig) of the SCell.
Once the baseline principles are agreed in RAN4, RAN4 can start to work on possible requirements.
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