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Introduction
In this paper, we present our view on the following aspects:
· QCL chain for Simultaneous Rx based FR2 mTRP and DCI based TCI State Switch Delay
· Single vs. Dual TCI State Switch
· Sequential vs. Parallel TCI State Switch
· Known vs. Unknown TCI State Switch and TCI State Switch Delay
Discussion
QCL chain for Simultaneous Rx based FR2 mTRP and DCI based TCI State Switch Delay
Examples of typical QCL chains for sDCI- and mDCI-based mTRP support are depicted in Figure 1 and Figure 2. As can be seen from the figures, irrespective of sDCI- and mDCI-based mTRP modes, UE should be able to keep track of two SSBs, one for each TRP, which is the root source of the entire QCL chain. Note that DL grant in PDCCH in sDCI-based mTRP mode can schedule PDSHC from the same TRP or the other TRP or both TRPs. If the PDSCH is from the other TRP and both TRPs, there should be a gap between the PDCCH and the PDSCH which shall not be less than timeDurationForQCL as defined in RAN1 spec. UE requirement related to the gap is also currently defined in DCI-based TCI state switch delay requirement, which can be applied to the feature of simultaneous Rx based mTRP.

Proposal 1: RAN4 to reuse the existing requirement of DCI based TCI state switch delay for the feature of simultaneous Rx based mTRP.
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Fig.1 A diagram of QCL chain for sDCI-based mTRP
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Fig.2 A diagram of QCL chain for mDCI-based mTRP


Single vs. Dual TCI State Switch
As the existing TCI state swich delay requirements are not dependent on the number of the current activate TCI states, we do not need to differentiate the TCI state switching requirements depending on the number of the current activate TCI states. Therefore, the only new TCI state switching requirement to be defined is for the case where to-be-activated TCI state upon the TCI switch command(s) reception includes two different QCL-TypeD sources.

Proposal 2: 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 sources

Sequential vs. Parallel TCI State Switch
There were discussions about “single MAC CE”-based and “two MAC CE”-based TCI state switch requirements for “SFN PDCCH” and “non-SFN PDCCH,” respectively. Before the discussion about whether/how to define UE requirements, we should understand the use case and restrictions of the features – SFN vs. non-SFN PDCCH.
· SFN PDCCH
· The feature is defined for HST and URLLC (beam diversity)
· PDCCHs with the same payload can be transmitted from two different TRPs in the same time/frequency resource at the same aggregation level (same CORESET and search space but with two different Tx beams, i.e. CORESET is activated with two TCI states)
· Not schedule SDM’ed PDSCH (not relevant to 4-layer MIMO)
· Single MAC CE can activate two TCI states
· Non-SFN PDCCH (which shall be called PDCCH repetition according to RAN1 spec and UE capability)
· The feature is defined for URLLC (beam diversity)
· The idea is “linking” two different search space sets that can be associated with different CORESETs (one CORESET is still activated with one TCI state)
· Not schedule SMD’ed PDSCH (not relevant to 4-layer MIMO)
· Two TCI states are activated separate MAC CEs

As can be seen from the above summary, both “SFN PDCCH” and “non-SFN PDCCH” are not really relevant to this WI which eventually aims at 4-layer MIMO. On the other hand, one can say RRM requirements do not have to be limited to 4-layer MIMO. In any case, to us, the discussion can be reformulated in such a way that the requirements should be “sequential TCI state switch” vs. “parallel TCI state switch” because it is really a matter of whether TCI state switch commands are received at the same time or not. Note that “two MAC CE based two TCI state activation” does not necessarily mean the two MAC CEs shall be in different PDSCHs in different slots. In other words, whether TCI state switch is signalled by one or two MAC CEs does not matter much in terms of TCI state switch delay requirement because the requirement will start from the slot where one or two MACs are received. As to the question of “sequential” vs. “parallel” TCI state switch, “sequential” TCI state switch is not a new case that needs to be addressed in this WI because that can even happen in the legacy, e.g. UE can always receive a subsequent TCI activation command while another TCI activation upon the previous command is on-going. More importantly, it is much natural to expect that UE will receive two TCI activation switch commands in the same slot considering the two active TCI states are for simultaneous receptions from two TRPs.

Proposal 3: RAN4 to not consider dual TCI switch upon the reception of separate TCI switch commands not received in the same slot.

Known vs. Unknown TCI State Switch and TCI State Switch Delay
RRC and MAC CE based TCI state switch requirements are depicted in Figure 3. As can be seen from the figure, whether the switch is signaled by MAC CE or RRC does not have to do with how many reference signals UE requires for time/frequency tracking and UE RX beam refinement. When the requirements are categorized into two groups, one for known TCI state, and the other for unknown TCI state, we believe the relevant case for TCI state activation for dual Rx based mTRP support is “known TCI state” because it is hard to expect NW to signal the UE to activate two TCI states associated with two TRPs without recent UE measurement report on the associated reference signals.
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Fig.3 MAC-CE and RRC based TCI state switch delay

Proposal 4: RAN4 to not define TCI state switch delay requirements for unknown TCI state

The existing set of conditions for known TCI state is based on L1-RSRP report, which needs to be replaced with R17 group-based L1-RSRP measurement and report for the support of simultaneous Rx based mTRP operation.

Proposal 5: The known condition of dual TCI state switch for mTRP is based on Rel-17 group-based L1-RSRP measurement and report

There can be two options (Opt-A and Opt-B in Figure 3) when defining a dual TCI state switching delay. The first option (Opt-A in Figure 3) assumes UE forms two concurrent beams or switches Rx beams from one to the other to receive the two reference signals associated with the to-be-switched two TCI states within one SSB burst, whereas the second option (Opt-B in Figure 3) assumes UE switches Rx beams across SSB bursts. We believe the first option can be feasible for the UE supporting simultaneous Rx based mTRP operation, and the requirement can be defined simply by re-defining Tfirst-SSB such that it can accommodate the two TDM’ed source SSBs.

Proposal 6: Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is modified to account for two TDM’ed source SSBs in the QCL chains with two TRPs.

Conclusions
In this paper, we proposed the following.

QCL chain for Simultaneous Rx based FR2 mTRP and DCI based TCI State Switch Delay
Proposal 1: RAN4 to reuse the existing requirement of DCI based TCI state switch delay for the feature of simultaneous Rx based mTRP.
Single vs. Dual TCI State Switch
Proposal 2: 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 sources
Sequential vs. Parallel TCI State Switch
Proposal 3: RAN4 to not consider dual TCI switch upon the reception of separate TCI switch commands not received in the same slot.
Known vs. Unknown TCI State Switch and TCI State Switch Delay
Proposal 4: RAN4 to not define TCI state switch delay requirements for unknown TCI state
Proposal 5: The known condition of dual TCI state switch for mTRP is based on Rel-17 group-based L1-RSRP measurement and report
Proposal 6: Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is modified to account for two TDM’ed source SSBs in the QCL chains with two TRPs.


1

3

image1.png
qcl-Type A& D

eA&D
I I I I DL grant I
SSB TRS CSI-RS for CSI PDCCH DMRS PDSCH DMRS

qcl-Type C & D \f qcl-Type A& D

PDSCH DMRS

SSB TRS CSI-RS for CSI PDSCH DMRS

qcl-Type C & D qcl-Type A& D




image2.png
qcl-Type A& D

cl-Type A & D
DLgrant
| | | I — 1
SSB TRS CSI-RS for CSI PDCCH DMRS PDSCH DMRS
qcl-Type C & D qcl-Type A& D
qcl-Type A& D
cl-Type A & D
| | | I — 1
SSB TRS CSI-RS for CSI PDCCH DMRS PDSCH DMRS

qcl-Type C & D qcl-Type A& D




image3.png
target TCl state is in the active
TCl state list for PDSCH

MAC-CE To known
Telstate switch  ack T¢I stote

keep monitoring PDCCH
with the old TCI state

RRC
TCl state switch

>
TRR_processing

C—)

keep monitoring PDCCH
with the old TCI state

“
To unknown
TCl state

< ——

start monitoring PDCCH
with the new TCI state

Will need an update for a dual TCl update having two different QCL

sources in terms of typeA/C as well as typeD

‘———  T/F sync

e[
T
Thrst-ss6 2ms start monitoring PDCCH
with the new TCI state

T T T

Non-DRX: Ceil(P x 8) X Tssg
SSB-based Rx beam refinement
(no report) + T/F sync

2ms start monitoring PDCCH

with the new TCI state

Ll

||[|| ssB burst

I SSB QCL’ed with a target TCI state

CSI-RS resources in a resource set configured with
higher layer parameter repetition set to ON

il(maxNumberRxBeam / Nye per set)
efines whether UE supports receive

beamforming switching using NZP CSI-RS resource. UE
shallindicate a single value for the preferred number of
NZP CSI-RS resource repetitions per CSI-RS resource set.
Support of Rx beam switching is mandatory for FR2.
Nyes_per_ser nUmber of resources in the resource set

T/E sync

el |

Thrstsss 2ms

T/E.sync T/E.sync

e | [l

Non-DRX: Ceil(P x N) X Tesips

{___CSI-RS-based Rx beam refinement __}
(no report)

Thrstsss  2ms

start monitoring PDCCH
with the new TCI state

T/Fsync —

ms

Tsecond-sss

~q

Thirst-ss8






 


1


 


3GPP TSG


-


RAN WG4 Meeting #


 


10


6


 


R4


-


2300105


 


Athens


,


 


Greece,


 


February 27


 


–


 


March 3


, 2022


 


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


TCI and UE beam switching delay requirements


 


Agenda item:


 


9.8.3.5


 


Document for:


 


 


Approval


 


1


 


Introduction


 


In this paper, 


we present our view o


n


 


the following aspects:


 


·


 


QCL chain for Simultaneous Rx based FR2 mTRP and DCI based TCI State Switch Delay


 


·


 


Single vs. Dual TCI State Switch


 


·


 


Sequential vs. Parallel TCI State Switch


 


·


 


Known vs. Unknown TCI 


State Switch and TCI State Switch Delay


 


2


 


Discussion


 


QCL chain for Simultaneous Rx based FR2 mTRP


 


and DCI based TCI State Switch Delay


 


Examples of typical QCL chains for sDCI


-


 


and mDCI


-


based mTRP support are depicted in Figure 1 and Figure 2.


 


As 


can be seen 


from the figures, irrespective of sDCI


-


 


and 


mDCI


-


based mTRP modes, UE should be able to keep track of 


two SSBs, one for each TRP, which is the root source of the entire QCL chain. 


Note that DL grant in PDCCH in sDCI


-


based mTRP mode can schedule PDSHC from 


the same


 


TRP


 


or


 


the other TRP or both TRPs. If the 


PDSCH is from the 


other TRP and both TRPs, there should be 


a gap between the PDCCH and 


the PDSCH which 


shall 


not 


be 


less than 


timeDurationForQCL


 


as defined in RAN1 spec


.


 


UE requirement related to the 


gap 


i


s 


also 


currently 


defined 


in


 


DCI


-


based TCI state switch delay requiremen


t, which can be applied to 


the feature of 


simultaneous 


Rx based mTRP


.


 


 


Proposal 


1


: 


RAN4 to 


reuse the existing 


requirement of 


DCI based TCI state switch delay


 


for 


the feature of 


simultaneous Rx based mTRP


.


 


 




 

1 

3GPP TSG - RAN WG4 Meeting #   10 6   R4 - 2300105   Athens ,   Greece,   February 27   –   March 3 , 2022     Source:    Qualcomm Incorporated   Title:     TCI and UE beam switching delay requirements   Agenda item:   9.8.3.5   Document for:     Approval   1   Introduction   In this paper,  we present our view o n   the following aspects:      QCL chain for Simultaneous Rx based FR2 mTRP and DCI based TCI State Switch Delay      Single vs. Dual TCI State Switch      Sequential vs. Parallel TCI State Switch      Known vs. Unknown TCI  State Switch and TCI State Switch Delay   2   Discussion   QCL chain for Simultaneous Rx based FR2 mTRP   and DCI based TCI State Switch Delay   Examples of typical QCL chains for sDCI -   and mDCI - based mTRP support are depicted in Figure 1 and Figure 2.   As  can be seen  from the figures, irrespective of sDCI -   and  mDCI - based mTRP modes, UE should be able to keep track of  two SSBs, one for each TRP, which is the root source of the entire QCL chain.  Note that DL grant in PDCCH in sDCI - based mTRP mode can schedule PDSHC from  the same   TRP   or   the other TRP or both TRPs. If the  PDSCH is from the  other TRP and both TRPs, there should be  a gap between the PDCCH and  the PDSCH which  shall  not  be  less than  timeDurationForQCL   as defined in RAN1 spec .   UE requirement related to the  gap  i s  also  currently  defined  in   DCI - based TCI state switch delay requiremen t, which can be applied to  the feature of  simultaneous  Rx based mTRP .     Proposal  1 :  RAN4 to  reuse the existing  requirement of  DCI based TCI state switch delay   for  the feature of  simultaneous Rx based mTRP .    

