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[bookmark: _Toc116995841]Introduction
In this contribution we continue the discussion for FR2 Multi Rx chain reception work item. The discussion in this contribution concentrates on active TCI state switching related aspects.
TCI state switch scenarios 
In [1], the following was agreed about the definition of dual TCI state switch for a UE operating in multi-Rx mode:
	Issue 1-1-3: Definition of Dual TCI state switch  

· Dual TCI state switching refers to the case when two active TCI states with QCL type D for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command.  

· In other words, following are considered as dual TCI state switching to discuss the requirements  
· Single DCI to Dual TCI 
· Dual TCI to Dual TCI  
· FFS: Dual TCI to Single TCI 



Dual TCI to single TCI
It was left FFS whether a switch from dual TCI to single TCI should be considered as dual TCI state switch. In the following we will give some analysis about this scenario.
Dual TCI to single TCI state switch could have the following scenarios:
a) Switch from two active TCI states with QCL type D for simultaneous reception of PDSCH to one active TCI state for reception of PDSCH 
b) Switch from two active TCI states with QCL type D for simultaneous reception of PDCCH to one active TCI state for reception of PDCCH 


[image: ]		Figure 1: Dual to Single TCI state switch for PDSCH

In case of a dual to single TCI state switch for PDSCH (Figure 1), since the UE still receives one PDSCH from one of the TRPs this scenario can be treated as a legacy single TRP case and hence legacy TCI state switch requirement will be applicable.
[bookmark: _Toc127557096]In a dual TCI to single TCI state switch scenario for PDSCH, the UE will still receive one PDSCH. This is similar to the legacy single TRP scenario.	
In case of a dual to single TCI state switch and vice versa for PDCCH, which is essentially a switch between mDCI and sDCI scenarios, RRC based TCI state signaling requirements will apply. 
[image: ]
Figure 2: Dual to Single TCI state switch for PDCCH
 
Switching between single DCI and multi DCI

[image: ]

[bookmark: _Ref127526741]Figure 3: s-DCI to m-DCI switch via RRC reconfiguration
The above figure shows a single DCI to multi-DCI switch and vice versa. Here the UE is initially configured for single DCI where PDCCH is indicated for only 1 TRP. In step 1, the UE is configured via RRC reconfiguration to use multi-DCI. Since the current requirements for RRC based TCI state switch delay apply when only 1 TCI state is configured in RRC TCI state list, this needs to be updated to reflect the switch from/to s-DCI to/from m-DCI where the UE will receive two target TCI states.  In step 7 of the above figure, the UE is configured using RRC signaling to switch from multi-DCI to single-DCI. Since a single target TCI state is indicated, in this case the legacy  RRC based TCI state switch delay requirements can be reused.
[bookmark: _Toc127540197][bookmark: _Toc127540276][bookmark: _Toc127540632][bookmark: _Toc127541371][bookmark: _Toc127557097]Existing defined requirements for RRC-based TCI state switch delay apply only when 1 TCI state is configured in RRC state list. 

[bookmark: _Toc127557098]RRC based TCI state switch delay requirements need to be updated to reflect the switch from s-DCI to m-DCI where the UE will receive two target TCI states
TCI state switching delay in different scenarios
Single-DCI based TCI state switching requirements
In [1], the following was agreed about single-DCI based TCI state switching:
	Issue 1-2-1: TCI state switch indication method for PDCCH and PDSCH  
· PDCCH non-SFN  
· Only single PDCCH is supported. So Single MAC CE should be used 
· FFS: PDCCH SFN  
· One MAC CE is used to indicate both TCI states  
· PDSCH  
· For both SFN and non-SFN, only one DCI code point is indicated using single DCI and the code point may indicate one or two TCI states 




PDCCH SFN and non-SFN
Since for PDCCH non-SFN, a MAC CE is used to indicate a single TCI state, the existing legacy requirements can be reused. 
[bookmark: _Toc127557099]MAC CE based TCI switch in sDCI with non-SFN PDCCH scenario involves only one target TCI state. 
[bookmark: _Toc127557100]  For non-SFN based TCI indication method for PDCCH, use legacy Rel-15 TCI state switching requirements for multi Rx.
In the case of SFN network the situation is different for sDCI scenario. In this case, the enhanced MAC CE indication is used for TCI state switching, and two target TCI states can be indicated in the same command. For this reason, the only MAC CE based TCI switch command that has more impact for the multi Rx work is in the SFN scenario. 
[bookmark: _Toc127557101]When PDCCH SFN is used one MAC CE is used to indicate two TCI states used for PDCCH. 
[bookmark: _Toc127557102]RAN4 to discuss if MAC CE based switching requirements for PDCCH SFN are to be defined for multiRx. 
PDSCH 
Similarly, since in case of PDSCH a single DCI is used to indicate the target TCI states, when one of the target TCI states to switch to is known, then the legacy requirements of known TCI state can apply. Additionally, RAN1 already clearly specified that TCI switching is related to the timeDurationForQCL, which means that both TCI states should be ready for receiving PDSCH after timeDurationForQCL. 
[bookmark: _Toc127557103] RAN4 to reuse Rel-16 requirements for the case of DCI-based TCI switching for PDSCH in single DCI scenario.
s-DCI based operation which are suitable for ideal backhaul deployments require as minimal delays as possible to ensure seamless operation of this functionality. The existing switching delays as well as known conditions for target TCI states were defined keeping in mind a single TRP deployment. It is worth studying if these requirements for the target TCI states can be revisited in case of single DCI based multi-TRP deployment.
[bookmark: _Toc127557104]The existing switching delays as well as known conditions for target TCI states were defined keeping in mind a single TRP deployment where the concept of s-DCI and m-DCI based operations didn’t exist. s-DCI based multi-TRP operations are suitable for ideal backhaul and this kind of operation is susceptible to delays.
[bookmark: _Toc127557105]Further study if the existing requirements for target TCI state switching delays as well as known conditions can be tailored to suit s-DCI based m-TRP network deployments.
[bookmark: _Toc127540208][bookmark: _Toc127540287]
Multi-DCI based TCI state switching
In case of multiple DCI base TCI state switching, the UE is expected to receive DCI commands for each PDSCH independently, and therefore will have 2 TCI states indicated for PDCCH and 2 TCI states indicated for PDSCH as in Figure 4. 
[image: ]

[bookmark: _Ref127526139]Figure 4: m-DCI 	

If we analyze that scenario, one important TCI switching case is when DCI based TCI switching delay is considered. This could have two possible scenarios as illustrated in figure 5a and figure 5b which depend on the timing of one DCI in relation to the other.
[image: ]  [image: ]
Figure 5a					Figure 5b
In scenario 5a, the DCI command is received from each TRP with a time difference larger than timerDurationForQCL. Therefore, the DCI based TCI switch for each TRP do not overlap, so the existing DCI based TCI switching requirements can be reused since each of these TCI state switch can be evaluated by the Multi-Rx UE independently.
[bookmark: _Toc127557106] For a UE operating in multi-DCI mode, TCI state switching applies per Rx chain independently, and thus TCI state switching delay requirements for single TRP mode can be reused per DCI.
The current DCI-based TCI state switching requirements have been defined assuming that the UE will at any point in time receive a single DCI indicating a target TCI state for the PDSCH. However, in case of multi-DCI, there could be a scenario where DCI based TCI state switch may occur for one TRP while the TCI state switch based on DCI from the other TRP is being processed i.e. TCI state for both TRPs is switched simultaneously (Figure 5b). The following is stated in TS 38.214 about this scenario: ‘When the PDCCH reception includes two PDCCH from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the time offset between the reception of the DL DCI and the corresponding PDSCH, the PDCCH candidate that ends later in time is used.’.
This then needs to be accordingly reflected in the DCI based TCI state switch delay requirements. 

[image: ]
Figure 5: DCI-based TCI state switching when time between DCIs is smaller than timerDurationForQCL
[bookmark: _Toc127557107]In case 2 DCIs from different TRPs are received with a time distance smaller than timerDurationForQCL, RAN1 requirements state that the UE can receive PDSCH on both TCI states when timerDurationForQCL has passed for both states. 
[bookmark: _Toc127557108]In mDCI scenario, if DCI based TCI switch command from one TRP is received at n1, DCI state from other TRP is received at n2, and |n1-n2| < timeDurationForQCL the UE shall be able to receive PDSCH after slot max(n1,n2)+timeDurationForQCL.
Additionally, as can be noted from Figure 3, mDCI scenario has some particularities regarding PDCCH state indication. The initial setup of multi DCI, i.e. when the second PDCCH is indicated, is only performed using RRC signaling in Rel-16. After the initial setup of the second TCI state, all of the MAC CE commands indicating new TCI state for PDCCH are done independently for each TRP. For this reason, MAC CE requirements have little or no impact on the behavior using multi Rx with in mDCI scenario. 
[bookmark: _Toc127557109]In mDCI scenario, Rel-16 MAC CE based TCI switching applied only to single PDCCH TCI state. 
[bookmark: _Toc127557110]RAN4 to use Rel-16 requirements for MAC CE TCI switching as baseline for multi-DCI scenario.
[bookmark: _Toc127557111]Transition from 1 PDCCH state (sDCI) to 2 PDCCH states (mDCI) is done by RRC in Rel-16. 
[bookmark: _Toc127557112]RAN4 to discuss Single to Dual PDCCH state switch requirements using RRC for mDCI scenario. 
Use of L1-RSRP delay for TCI switching delay
The existing RRC based TCI state switch delay and MAC CE based TCI state switch delay factor in L1 RSRP timing when the target TCI state is unknown. There is ongoing discussion regarding improvements in L1 RSRP measurements as part of Multi-Rx track. These improvements once finalized should also be considered for TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS to enable faster TCI state switch when the target TCI states in such cases is unknown.
[bookmark: _Toc127557113] RRC based TCI state switch delay and MAC CE based TCI state switch delay are impacted by the L1-RSRP measurement periods. Discussions on improved L1-RSRP measurement delays are ongoing.
[bookmark: _Toc127557114] L1-RSRP measurement improvements once finalized should be reflected in TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS to enable faster switching of TCI states when the target TCI state is unknown.

Known and Unknown conditions
As defined in 38.133, TCI state is known if the following conditions are met:
	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.




These conditions even though currently defined for single TCI state can be interpreted as being related to whether there is a valid L1-RSRP measurement for the target TCI state and if the associated RS of the target TCI state remains detectable. When considering multiple Rx chain UE, there is no difference on the interpretation of those conditions. Therefore, we don’t see immediate need to change the existing conditions for dual TCI state switch compared to the single TCI state switch.  
[bookmark: _Toc127557115]The existing conditions defined for a target TCI state to be known are based on whether the UE has reported a valid L1-RSRP measurement for the target TCI state and reference signal associated with the TCI state is detectable during the switching period.
Furthermore, RAN4 has been discussing known and unknown TCI state support related to dual TCI switch. The following options were listed in the previous meeting:
	3. Sub-topic 1-4: known and unknown conditions.  
Issue 1-4-1: Known and unknown states combination 
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS.  
· Option A: known and known  
· Option B: Known and unknown  
· Option C: unknown and unknown 




Option A where both TCI states are known can in our view be supported for all TCI state switching types and scenarios. Taking the current DCI based TCI state switching requirements in case of single TRP as a baseline, in case of known conditions for dual TCI state switching Option A where both the target TCI states are known should be a pre-requisite for DCI based TCI state switching in case of s-DCI scenarios.
[bookmark: _Toc127557116] Both target TCI states need to be known in order to use the requirements with known conditions for DCI based TCI switching in single DCI scenario. 
However, there might be other scenarios where Option B (Known and unknown) may also be supported. That is the case for the UE receiving a MAC CE indication of two PDCCH TCI states. This MAC CE command is currently only used for single DCI PDCCH SFN. In that situation, since the UE can receive PDCCH from one of the TCI states that is known, there is no reason to extend the delay for the TCI switching. 
[bookmark: _Toc127557117]For multi-DCI scenario, known/unknown conditions are analyzed for each target TCI state independently.
TCI state list update requirements
In the last RAN4 meeting, the following proposals were discussed related to TCI state list update requirements [4]:
	Proposals 
· Proposal 1: For active TCI state list update, requirements for addition of dual TCI states should be specified.  
· Proposal 2: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. 
· Proposal 3: RAN4 to discuss the active TCI state list update delay considering dual TCI state based on Activation/Deactivation of UE-specific PDSCH TCI state described in RAN2 spec. 
· Proposal 4: RAN4 follow RAN1 defined procedures for TCI state pools 
· Proposal 5: RAN4 follow RAN1 defined procedures for active TCI state list update and R17 defined requirements. 




The existing active TCI state list update delay requirements where the MAC CE indication for updating active TCI state list contains a single TCI state considers the time to first SSB transmission after MAC CE command is decoded by the UE (Tfirst-SSB). 
	8.10.6	Active TCI state list update delay
If the target TCI state is known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ THARQ + +TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. Where THARQ, Tfirst-SSB, TSSB-proc and TOk are defined in clause 8.10.3.
--

-	Tfirst-SSB is time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-TypeD; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE for other QCL types;




In m-TRP deployments, when the MAC-CE contains dual TCI states, we propose to consider the first SSB for each of the TCI states.
[image: ]
Figure 6: Active TCI state list for dual TCI
[bookmark: _Toc127557118]If a pair of TCI states is activated by MAC CE command, consider the first SSB of both TCI states for activation time while arriving at the active TCI state list update delay requirements for dual TCI states

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: In a dual TCI to single TCI state switch scenario for PDSCH, the UE will still receive one PDSCH. This is similar to the legacy single TRP scenario.
Observation 2: Existing defined requirements for RRC-based TCI state switch delay apply only when 1 TCI state is configured in RRC state list.
Proposal 1: RRC based TCI state switch delay requirements need to be updated to reflect the switch from s-DCI to m-DCI where the UE will receive two target TCI states
Observation 3: MAC CE based TCI switch in sDCI with non-SFN PDCCH scenario involves only one target TCI state.
Proposal 2: For non-SFN based TCI indication method for PDCCH, use legacy Rel-15 TCI state switching requirements for multi Rx.
Observation 4: When PDCCH SFN is used one MAC CE is used to indicate two TCI states used for PDCCH.
Proposal 3: RAN4 to discuss if MAC CE based switching requirements for PDCCH SFN are to be defined for multiRx.
Proposal 4: RAN4 to reuse Rel-16 requirements for the case of DCI-based TCI switching for PDSCH in single DCI scenario.
Observation 5: The existing switching delays as well as known conditions for target TCI states were defined keeping in mind a single TRP deployment where the concept of s-DCI and m-DCI based operations didn’t exist. s-DCI based multi-TRP operations are suitable for ideal backhaul and this kind of operation is susceptible to delays.
Proposal 5: Further study if the existing requirements for target TCI state switching delays as well as known conditions can be tailored to suit s-DCI based m-TRP network deployments.
Proposal 6: For a UE operating in multi-DCI mode, TCI state switching applies per Rx chain independently, and thus TCI state switching delay requirements for single TRP mode can be reused per DCI.
Observation 6: In case 2 DCIs from different TRPs are received with a time distance smaller than timerDurationForQCL, RAN1 requirements state that the UE can receive PDSCH on both TCI states when timerDurationForQCL has passed for both states.
Proposal 7: In mDCI scenario, if DCI based TCI switch command from one TRP is received at n1, DCI state from other TRP is received at n2, and |n1-n2| < timeDurationForQCL the UE shall be able to receive PDSCH after slot max(n1,n2)+timeDurationForQCL.
Observation 7: In mDCI scenario, Rel-16 MAC CE based TCI switching applied only to single PDCCH TCI state.
Proposal 8: RAN4 to use Rel-16 requirements for MAC CE TCI switching as baseline for multi-DCI scenario.
Observation 8: Transition from 1 PDCCH state (sDCI) to 2 PDCCH states (mDCI) is done by RRC in Rel-16.
Proposal 9: RAN4 to discuss Single to Dual PDCCH state switch requirements using RRC for mDCI scenario.
Observation 9: RRC based TCI state switch delay and MAC CE based TCI state switch delay are impacted by the L1-RSRP measurement periods. Discussions on improved L1-RSRP measurement delays are ongoing.
Proposal 10: L1-RSRP measurement improvements once finalized should be reflected in TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS to enable faster switching of TCI states when the target TCI state is unknown.
Observation 10: The existing conditions defined for a target TCI state to be known are based on whether the UE has reported a valid L1-RSRP measurement for the target TCI state and reference signal associated with the TCI state is detectable during the switching period.
Proposal 11: Both target TCI states need to be known in order to use the requirements with known conditions for DCI based TCI switching in single DCI scenario.
Proposal 12: For multi-DCI scenario, known/unknown conditions are analyzed for each target TCI state independently.
Proposal 13: If a pair of TCI states is activated by MAC CE command, consider the first SSB of both TCI states for activation time while arriving at the active TCI state list update delay requirements for dual TCI states
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