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[bookmark: _Toc116995841]Introduction
RAN4#106bis meeting way forward [1] captured the following agreements about TCI state switching requirements for multi Rx chain reception:
	Issue 2-1-1: General conditions  
Agreements: 
RAN4 to define TCI state switch delay requirements only for the case where to-be-activated/switched TCI state upon the TCI switch command(s) reception includes two different QCL-TypeD reference resources and the reference resources of the two TCI states are included in the group-based L1-RSRP measurement report.
· Note: This is one of the condition and other conditions are not precluded
· Note: Only for single TCI to dual TCI and dual TCI to dual TCI.

Issue 2-1-5: Other issues or proposals for further discussion
Agreements: RAN4 not to discuss TCI state switching requirements for following cases in this WI
· Dual TCI switching in SFN
· FFS: PDCCH with repetition.




Taking into account these agreements about the scope of the work item, we continue the discussion about multi Rx TCI state switching requirements in this contribution.
DCI based TCI state switching
Single-DCI
In single-DCI scenario, a single-DCI is used to indicate both TCI states. RAN1 has already specified that TCI switching is related to the timeDurationForQCL, which means that both TCI states should be ready for receiving PDSCH after timeDurationForQCL. Whether the target is single or dual TCI states makes no difference, so legacy requirements can be reused for DCI-based switch to dual TCI states.
1. [bookmark: _Toc133324105][bookmark: _Toc135068268]For single-DCI scenario, RAN4 to reuse Rel-16 requirements for the case of DCI based TCI switching for PDSCH.
Multi-DCI
In case of multi-DCI based TCI state switching, the UE is expected to receive DCI commands for each PDSCH independently, and therefore will have two TCI states indicated for PDCCH and two TCI states indicated for PDSCH as in Figure 1. 
[image: ]
[bookmark: _Ref131676601]Figure 1: m-DCI 	
Since the TCI state for PDSCH for each link is indicated with separate DCIs, each DCI indicates only one TCI state. According to the RAN1 specification, the delay timeDurationForQCL applies independent of whether the DCIs from two TRPs are received simultaneously or non-simultaneously in the multi-DCI scenario. Hence, legacy requirements apply per each TRP.
1. [bookmark: _Toc133324109][bookmark: _Toc135068269]For multi-DCI scenario, DCI based TCI state switch is per TRP. Hence legacy requirement can be reused and applied per TRP.
MAC-CE based TCI state switching
Single-DCI
In single-DCI scenario, PDCCH is transmitted from single TRP only. Therefore, for PDCCH non-SFN scenario, a MAC-CE is used to indicate a single TCI state. Therefore, the scenario is similar to legacy and the existing legacy requirements apply. 
1. [bookmark: _Toc133324110][bookmark: _Toc135068270]  In single-DCI scenario, legacy TCI state switching requirements apply for MAC-CE based TCI indication method for PDCCH.
Multi-DCI
In multi-DCI scenario, PDCCH is transmitted from each TRP separately. Hence, MAC-CE based TCI state switch for PDCCH considers only one TRP at a time i.e. TCI state switch is done separately for each TRP and each MAC-CE command only includes one TCI state. Hence, legacy requirements apply per each TRP.
1. [bookmark: _Toc133324111][bookmark: _Toc135068271][bookmark: _Toc131594377][bookmark: _Toc131594559][bookmark: _Toc131594378][bookmark: _Toc131594560][bookmark: _Toc131594379][bookmark: _Toc131594561][bookmark: _Toc131594380][bookmark: _Toc131594562][bookmark: _Toc131594381][bookmark: _Toc131594563][bookmark: _Toc131594382][bookmark: _Toc131594564]In multi-DCI scenario, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.
RRC based TCI state switching
In case of a single to dual TCI state switch for PDCCH, which is essentially a switch between single-DCI and multi-DCI scenarios, RRC based TCI state signaling requirements will apply. 



Figure 2:Single to dual TCI state switch for PDCCH
[image: ]
[bookmark: _Ref134817934][bookmark: _Ref131609259]Figure 3: s-DCI to m-DCI switch via RRC reconfiguration
Figure 3 shows a single DCI to multi-DCI switch. Here the UE is initially configured for single-DCI where PDCCH is indicated for only one TRP. In step 1, the UE is configured via RRC reconfiguration with a second CORESET to use multi-DCI. Since the current requirements for RRC based TCI state switch delay apply when only one TCI state is configured in RRC TCI state list, this needs to be updated to reflect the switch from single-DCI to multi-DCI where the UE will receive two target TCI states.  
1. [bookmark: _Toc133324112][bookmark: _Toc135068272]Existing defined requirements for RRC-based TCI state switch delay apply only when one TCI state is configured in RRC state list. 
1. [bookmark: _Toc133324113][bookmark: _Toc135068273]A switch from single TCI state to dual TCI state for PDCCH is a switch between single-DCI and multi-DCI scenarios, which involves RRC signalling. Hence, RRC based TCI state switch delay requirements will apply and requirements need to be updated for this case.
Active TCI state list update
In RAN4#106bis meeting, the following was agreed about active TCI state list update:
	Issue 2-6-1: Active TCI state list update
Agreements: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. 
FFS if T/F tracking for the dual TCI states are based on different SSBs.




Single-DCI
The existing active TCI state list update delay requirements, where the MAC-CE activation command for updating active TCI state list contains a single TCI state, considers the time to the 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 MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state




In m-TRP deployments, when the MAC-CE TCI state list activation command contains dual TCI states, the delay requirement should consider the first SSB with a QCL relation for each of the target TCI states. With this proposal, total Tfirst-SSB would be the time from the UE decoding the MAC-CE command until the UE has received the first SSB transmission with QCL-relation for each of the target TCI states, 
1. [bookmark: _Toc135068274]For single DCI scenario, if a pair of TCI states is activated by MAC-CE command in the active TCI state list, include the first SSB of each TCI state in the activation delay.
Proposal 6 can be captured in the active TCI state list update delay requirement e.g. by replacing Tfirst-SSB with max (Tfirst-SSB1, Tfirst-SSB2), where Tfirst-SSB1 is the time to the first SSB transmission for one of the TCI states in the TCI pair to be activated, and Tfirst-SSB2 is the time to the first SSB transmission for the other TCI state in the TCI pair. 

 
Figure 4: Active TCI state list for dual TCI
Furthermore, similarly as in the legacy requirement, Tfirst-SSB for each TCI state should only be taken into account if the corresponding target TCI state is not already in the current active TCI state list.
[bookmark: _Toc135068275]Tfirst-SSB is not included in the active TCI state list update delay for a target TCI state that is already in the active TCI state list.
An example of how to capture this in TS 38.133 is shown below:When active TCI state list update involves two TCI states, 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 states at the first slot that is after n+ THARQ + + (max (Tfirst-SSB1, Tfirst-SSB2)+TSSB-proc)/NR slot length -where
Tfirst-SSB1 and Tfirst-SSB2 is the time to the first SSB transmission for each of the two target TCI states after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to the target TCI state. If a target TCI state is already in the active TCI state list for PDSCH, then TfirstSSB for that TCI state is 0.
TSSB-proc = 0, if both target TCI states are in the active TCI state list for PDSCH. Otherwise TSSB-proc = 2 ms; 
 












Multi-DCI
For multi-DCI scenario, separate active TCI state lists are maintained for each TRP. Therefore, TCI state list contains only single TCI states and dual TCI states do not need to be considered. Hence, active TCI state update to dual TCI states does not apply to multi-DCI scenario.
1. [bookmark: _Toc133324115][bookmark: _Toc135068276]For multi-DCI scenario, active TCI state list update to dual TCI states is not considered.
Known TCI state condition
Requirements to consider
	Issue 2-5-1: Requirements to be consider 
Agreements:
· Requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only. 
· Requirements for MAC CE based dual TCI states switch delay for PDCCH reception are defined for known case. FFS if it is to be limited to known case only.



In RAN4#106bis meeting WF it was left FFS whether to define requirements for MAC-CE based TCI state switch for unknown case.
Legacy requirements for MAC-CE based TCI state switch have been defined for both known as well as unknown target TCI states whereas DCI based TCI state switch delay requirements have been defined for only known target TCI states. 
In case of DCI based TCI state switch, having delay requirements only for known target TCI state is reasonable as DCI based TCI state switch is for PDSCH (data scheduling) and hence it does not help much if the delay is longer than the period when the data is scheduled.
However, no such restriction for MAC-CE based TCI state switch which is for PDCCH reception applies. Hence, we see no reason to limit defining MAC CE based TCI state switch delay requirements only for known cases in case of m-TRP. 
1. [bookmark: _Toc133324103][bookmark: _Toc135068277]For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state.
Definition of known TCI state
	Issue 2-5-2: Definition of known condition:
Way forward: 
GBBR is agreed as prerequisite to enable simultaneous reception. Does that mean dual TCI states are configured based on beams reported in GBBR or can other RS which are QCLed to beams reported in GBBR can be configured. Please consider following to provide your further analysis.  
· Option 1: dual TCI states are only configured based on beams reported in GBBR.
· Option2: dual TCI states which are QCLed to beam pair reported in GBBR can be configured 



As defined in 38.133, a 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.




In addition to the known conditions defined for legacy TCI state it was agreed that Rel-17 group-based beam reporting will be a pre-requisite to enable simultaneous reception. We propose that the known condition for simultaneous reception is that the target dual TCI states are configured based on the beams reported in the GBBR as this is a simple and straightforward interpretation and implementation of simultaneous reception based on group-based beam reporting. In case the benefits of configuring dual TCI states which are QCLed to beam pair reported in GBBR (Option 2) are elaborated and justified then we are open to discussing this option as well. 
[bookmark: _Toc135068278]RAN4 to add the following in the existing known conditions,” In case of simultaneous reception, dual TCI states are configured based on beams reported by the UE in Rel-17 group-based L1-RSRP report”.
[bookmark: _Toc116995848]UE behaviour when TCI states are not supported
In RAN#106e meeting companies put forward the following two proposals about UE behaviour: Issue 2-1-4: UE behaviour when TCI states are not supported  

· Proposal 1: RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states. 
· Proposal 2: It is proposed to discuss and decide UE behaviour in case the UE does not support the two configured target TCI states simultaneously. 












We believe these are valid scenarios which can occur in the network and are worth discussing further. Once the UE has reported a pair of beams that it can receive simultaneously, there could be a change in the conditions and the network will not know that the UE can no longer receive these beams simultaneously. There can also be scenarios such as in single-DCI, which has common link adaptation, that the UE does not experience major gains in throughput due to m-TRP mode of operation in case one of the links has a lower MCS relative to the other. 

However, we do not see that the scenarios listed under issue 2-1-4 are directly related to the TCI state switching delay requirements. The delay requirements may be impacted by these scenarios, if the change in UE ability to receive the indicated TCI states (simultaneously) changes during the TCI state switch due to e.g. UE rotation. However, this may already happen in single TRP scenario. Therefore, we think that the discussion about these scenarios is more related to the group-based beam reporting requirements and multi-Rx mode of operation, which is why we propose that the UE behaviour in such scenarios is discussed as a part of the multi-Rx General Aspects agenda item.

Conclusion
In this contribution we have made the following observations and proposals:
Proposal 1: For single-DCI scenario, RAN4 to reuse Rel-16 requirements for the case of DCI based TCI switching for PDSCH.
Proposal 2: For multi-DCI scenario, DCI based TCI state switch is per TRP. Hence legacy requirement can be reused and applied per TRP.
Proposal 3: In single-DCI scenario, legacy TCI state switching requirements apply for MAC-CE based TCI indication method for PDCCH.
Proposal 4: In multi-DCI scenario, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.
Observation 1: Existing defined requirements for RRC-based TCI state switch delay apply only when one TCI state is configured in RRC state list.
Proposal 5: A switch from single TCI state to dual TCI state for PDCCH is a switch between single-DCI and multi-DCI scenarios, which involves RRC signalling. Hence, RRC based TCI state switch delay requirements will apply and requirements need to be updated for this case.
Proposal 6: For single DCI scenario, if a pair of TCI states is activated by MAC-CE command in the active TCI state list, include the first SSB of each TCI state in the activation delay.
Proposal 7: Tfirst-SSB is not included in the active TCI state list update delay for a target TCI state that is already in the active TCI state list.
Proposal 8: For multi-DCI scenario, active TCI state list update to dual TCI states is not considered.
Proposal 9: For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state.
Proposal 10: RAN4 to add the following in the existing known conditions,” In case of simultaneous reception, dual TCI states are configured based on beams reported by the UE in Rel-17 group-based L1-RSRP report”.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref127350893][bookmark: _Ref133392276]R4- 2306319, WF on FR2_multiRx_part2, Ericsson, 3GPP TSG-RAN WG4 Meeting # 106-bis-e, Electronic Meeting, 17 April – 26 April, 2023.

image1.png




image2.emf
A1

A3

A2

Rx chain Rx chain

A4

Primary serving

TRP

Secondary serving 

TRP

A1

A3

A2

Rx chain Rx chain

A4

Primary serving

TRP

Secondary serving 

TRP


oleObject1.bin

image3.png
Serving cell! MultRx UE

TSening cell
| [mRPz] !

Configured TCI states Configured TCIstates
TCI0 and TCR TCH and TCI3

Initial state with PDCCH indicated
only for TRP1

[1: RRC reconfiguration
CORESET#1 (TCI0)

CORESET#2(TCI)

2: PDCCH using TCID

3:PD CCH using TCI1

| mac ce:Tel Indication
LI PDCCH MAC CE
TCI3

(38:3216.13.15)

&: PDCCH using TCID

6: PDCCH using TCI3
l¢S:FDCCH using TCIS |





image4.emf
TCI for PDSCH

TCI#1, TCI#2

for activation of  MAC-CE

T

HARQ

+ 3 ms

 

#

time

 PDCCH

DCI with TCI 

indication

S

S

B

 

1

T

SSB-proc

= 2 ms 

 

#

S

S

B

 

2

max (T

first-SSB1

, T

first-SSB2

)

   

 


TCI for PDSCH
TCI#1, TCI#2
for activation of
MAC-CE
T
HARQ
+ 3 ms

#
time

PDCCH
DCI with TCI
indication
S
S
B

1
T
SSB
-
proc
= 2 ms

#
S
S
B

2
max (Tfirst-SSB1, Tfirst-SSB2)






