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Introduction
RAN4 started Rel-17 feMIMO WI discussion identifying RRM core requirements to be specified RRM requirements. In RAN4 #100e meeting, companies provide the first view on overall RRM impact for feMIMO.  The WF [2] from RAN4#100e captured one RRM impact on TCI switching. From the WF agreements, we provide our view and propose discussion points.
	RAN4#100 WF
Unified TCI 
· Specify TCI switching delay requirements for 
· Joint TCI with UL and DL 
· Separate TCI for UL
· FFS: TCI for DL
· Specify the requirements for PL-RS update under unified TCI framework




Discussion

Features of Rel-17 Unified TCI Framework

RAN1 has introduced unified TCI framework as continuation of previous features such as default TCI, joint TCI and separate TCI and common TCI etc, rather than introducing completely new TCI concepts. Therefore, it seems important to understand the previous TCI operation concept and delta between Rel-17 and the previous releases.

	
RAN1#103 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 





From the agreement above, ‘unified TCI framework’ include both ‘joint TCI for DL and UL’ that indicates DL and UL TCI simultaneously and ‘separate beam indication for UL and DL’ that provides different indications of ‘DL TCI’ and ‘UL TCI’. The mixture of ‘unified TCI’, ‘joint TCI’, ‘DL TCI’, and ‘UL TCI’ are somewhat confusing with adding ‘common TCI’ that is explained later. First, the scope of the unified TCI function needs to be clarified firstly.
Rel-15 and Rel-16 have introduced TCI state indication for PDCCH that can serve as a joint TCI for PDCCH, PDSCH, PUCCH, PUSCH, and SRS as Figure 1 that intends basically to utilize DL and UL channel reciprocity. One TCI indication is received through DCI (formats 1_1 and 1_2) or one or more TCI activation via MAC CE, joint beam switching between DL and UL can be controlled by the same TCI indication. The TCI state indicated for PDCCH becomes a ‘joint TCI’ 



Figure 1 : UE behaviour supporting Rel-16 Joint TCI for DL and UL beam management

Also, the separate DL and UL beam indication is supported in the Rel-17 unified TCI framework where a separate TCI for DL and UL is the signalling medium. As stated in the agreement, Rel-17 separate TCI under the unified TCI framework support multiple TCI configurations to utilize two separate TCI states (one for DL and one for UL), separate DL TCI (indicating RSs in M TCIs), separate UL TCI (indicating RSs in N TCIs). This multiple TCI configurations are assumed to support dynamic beam switching under multiple cell/TRP scenarios. 
One difference between Rel-17 and Rel-16 specification is to support inter cell scenario and inter cell mTRP scenarios with one or multiple (M>=1, N >=1) ‘joint / separate’ TCIs’ for DL and UL with different subsets of CORESETs. Multiple TCI case (M>1, N >1) is still under study in RAN1.  They are applied to different subsets of CORESETs mainly for DL mTRxP operation, and they enable mTRxP-based PDCCH transmission and reception indication.  Also, default TCI state exists among the multiple TCIs, a default spatial relation of UL transmission (PUCCH,PUSCH,SRS) follows QCL Type-D RS of the lowest configured CORESET. The Rel-17 unified TCI to support multiple TPRs needs new requirements with signalling medium. 
Also, another difference from the previous release is found in UL TCI indication in the unified TCI framework. While UL TCI can be implicitly indicated without signalling in the previous releases, Rel-17 unified TCI framework introduces an explicit UL TCI indication for FR2. 

Observation 1 : Rel-17 feMIMO supports inter cell BM and inter cell mTRP with one or multiple (M>=1, N >=1) ‘joint / separate’ TCIs’ for DL and UL

RAN1 has been working on improving the DCI based TCI state switching. The work involves enabling the use of DCI based TCI state switch for one or more channels simultaneously. As part of this work RAN1 is discussing introducing common beam management and unified beam management. We reviewed the features of the unified TCI in Rel-17 for multiple-beam and multiple-cell scenarios, and Figure 2 shows outline of the unified TCI framework under current RAN1 agreements up to RAN1#105. With this understanding, RAN4 can further discuss new RRM requirements for Rel-17. In summary, the features in Rel-17 are as below :
· Rel-17 ‘Unified TCI framework’ include both ‘joint TCI for DL and UL’ that indicates both DL and UL TCI and ‘separate beam indication for UL and DL respectively.
· Rel-17 specification can support separate UL TCI indication for FR2. A UE determines a common UL TX spatial filter(s) on PUSCH and PUCCH different from DL RX beam determination.
· Rel-17 specification supports ‘joint / separate’ TCIs’ for DL and UL with different subsets of CORESETs. (multiple TCIs with M>1, N>1 is FFS in RAN1.)
· Although UE behaviors based on common TCI (i.e. applying common spatial filter to channels) exists in the previous releases, “common TCI” signaling introduction is new in Rel-17.
· Rel-17 provides new TCI state pool for DL and UL to indicate different TCI per RS / Channels. 
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Figure 2. Outline of unified TCI framework

Unified TCI feature is the framework in Rel-17, however in physical layer, actual TCI switching is executed as DL TCI switching or UL TCI switching under Rel-17 unified TCI framework. RAN4 focuses on DL TCI switching and UL TCI switching requirement to commonly support unified/joint/separate TCI framework. Unified/joint/separate/ TCI switching do not make specific requirements.

Observation 2 : Unified TCI feature is the framework in Rel-17, however in physical layer, actual TCI switching is executed as DL TCI switching or UL TCI switching under Rel-17 unified TCI framework.  
Proposal 1 : Study on DL TCI switching and UL TCI switching requirements to commonly support unified/joint/separate TCI framework. 
Proposal 2 : For inter-cell mTRP, UE assumes multiple DCI based switching for mTRP. RAN4 reviews TCI switching impact due to multiple joint / separate TCIs’ for DL and UL.
          Option 1 : multiple TCI switching is assumed to be independent, hence a single TCI requirement is applied independently. 
          Option 2 : multiple TCI switching is assumed to be dependent, and new requirements are considered for multiple TCI switching.
.

TCI state switching delay requirement for Unified TCI framework
We studied the scope and function of unified TCI above, and then we discuss impacts to RRM requirement. TS38.133 section 8.10 defines active TCI state switching delay on serving cell. A UE shall complete the switching of active TCI state within the specified switching delay on the serving cell TCI indication. Three kinds of signalling with DCI/MAC-CE/RRC indications are respectively listed for the TCI state switching delay.
TS38.133    8.10 Active TCI state switching delay
	       8.10.3. MAC-CE based TCI state switch delay
	       8.10.4. DCI based TCI state switch delay
                      8.10.5. RRC based TCI state switch delay
Firstly, RAN4 needs to study whether the TCI state delay requirements can be applicable to the unified TCI switching to non-serving cell. The Rel-17 unified TCI utilizes both MAC-CE and DCI, new requirements may be needed for switching to non-serving cell.  We propose to study whether the current active TCI state switching delay requirement can be applicable to non-serving cell in Rel-17 unified TCI framework . 
Non-serving cell existence and cell configuration is always known to a UE in inter-cell scenario. How to configure the known non-serving cell is FFS. RAN4 waits for RAN1/2 input regarding signalling.
	RAN4#100 agreement
· RAN4 will further study if UE only performs L1-RSRP measurements on the identified non-serving cell(s) 





Observation 3 : Non-serving cell existence and cell configuration is always known to a UE for TCI switching. 
Proposal 3 : If non-serving cell is known by pre-configuration, RAN4 reviews if TCI switching delay requirement for the serving cell is applicable to TCI switching to non-serving cell. 
Proposal 4 : RAN4 studies to specify on conditions of “identified non-serving cell(s)” status for TCI state switching to the non-serving cell(s)
· A baseline assumption is if a UE is configured of “non-serving cell” element and/or if a UE can perform cell detection successfully (i.e. decoding PBCH) of the non-serving cell.
· Other conditions can be also considered such as L3 -RSRP, quality of signal, RLM and QCL relation.

If a non-serving cell is known, Discussion on known conditions for TCI state is needed to apply 8.10 clause for a UE configured with one or more TCI state on non-serving cell. The TS38.133 specifies known conditions for TCI state as 
	TS38.133 8.10.2 Known conditions for TCI state
The 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.




Proposal 5 : Add non-serving cell to known conditions for DL TCI state (TS38.133 8.10.2.)
· TCI state is associated with a serving cell or cell(s) with PCI(s) different from the serving cell configured for L1-RSRP reporting

Proposal 6 : Add non-serving cell to known conditions for UL spatial relation (TS38.133 8.12.2.)
· TCI state is associated with a serving cell or cell(s) with PCI(s) different from the serving cell configured for L1-RSRP reporting




Conclusion
In this contribution, we discuss about feMIMO features and RRM spec impacts. Our observations and proposals are as follow :
Observation 1 : Rel-17 feMIMO supports inter cell BM and inter cell mTRP with one or multiple (M>=1, N >=1) ‘joint / separate’ TCIs’ for DL and UL
Observation 2 : Unified TCI feature is the framework in Rel-17, however in physical layer, actual TCI switching is executed as DL TCI switching or UL TCI switching under Rel-17 unified TCI framework.  
Proposal 1 : Study on DL TCI switching and UL TCI switching requirements to commonly support unified/joint/separate TCI framework. 
Proposal 2 : For inter-cell mTRP, UE assumes multiple DCI based switching for mTRP. RAN4 reviews TCI switching impact due to multiple joint / separate TCIs’ for DL and UL.
          Option 1 : multiple TCI switching is assumed to be independent, hence a single TCI requirement is applied independently. 
          Option 2 : multiple TCI switching is assumed to be dependent, and new requirements are considered for multiple TCI switching.
Observation 3 : Non-serving cell existence and cell configuration is always known to a UE for TCI switching. 
Proposal 3 : If non-serving cell is known by pre-configuration, RAN4 reviews if TCI switching delay requirement for the serving cell is applicable to TCI switching to non-serving cell. 
Proposal 4 : RAN4 studies to specify on conditions of “identified non-serving cell(s)” status for TCI state switching to the non-serving cell(s)
· A baseline assumption is if a UE is configured of “non-serving cell” element and/or if a UE can perform cell detection successfully (i.e. decoding PBCH) of the non-serving cell.
· Other conditions can also be considered such as L3 -RSRP, quality of signal, RLM and QCL relation.
Proposal 5 : Add non-serving cell to known conditions for DL TCI state (in TS38.133 8.10.2.)
· TCI state is associated with a serving cell or cell(s) with PCI(s) different from the serving cell configured for L1-RSRP reporting

Proposal 6 : Add non-serving cell to known conditions for UL spatial relation (in TS38.133 8.12.2.)
· TCI state is associated with a serving cell or cell(s) with PCI(s) different from the serving cell configured for L1-RSRP reporting

References
[1] RP-212535,  Revised WID: Further enhancements on MIMO for NR, Samsung, RAN#93-e 
[2]  R4-2115355 WF for FeMIMO RRM, RAN4#100



image1.emf
TCI State

Indication

for PDCCH MAC CE

UE receives

beam switching command

Select PDCCH

RX beam

DL : Update PDSCH

RX beam

UL : Update PUCCH

TX beam

UL : Update 

PUSCH/SRS TX beam


Microsoft_Visio_Drawing.vsdx
TCI State
Indication
for PDCCH MAC CE
UE receives
beam switching command
Select PDCCH
RX beam
DL : Update PDSCH
RX beam
UL : Update PUCCH
TX beam
UL : Update PUSCH/SRS TX beam



image2.png
Rel-17 TC! state can be joint or separate.
Separate has two different TCI states
one for UL, one for DL)
Joint has a single TCI state (i.e. same TCI
state for both UL and DL).

RRC Pool of configured Rel-17 TCl states

‘ MAC command (=MAC CE)

Up to 8 activated Rel-17
TCl states

=

Indicated
Rel-17 TCI

state
All signals/channels apply the “indicated TCI
state” (according to RRC configuration)

CORESET(s) ~ PDSCH CSI-RS PUCCH  PUSCH SRS for CB/NCB
(PDCCH)

Before first DCl indication, UE uses first
activated TCl state as the “indicated TCI state”




