


[bookmark: _Hlk510698672]3GPP TSG RAN WG1 Meeting #112	R1-2301686
February 27th – March 3rd, 2023
Athens, Greece

[bookmark: Source]Agenda item:	9.1.1.1
Source: 	CEWiT
Title: 	Discussion on Unified TCI framework extension for multi-TRP 
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
[bookmark: _Hlk54343086]In RAN1#111 [1], potential issues have been identified to support extension of unified TCI framework for supporting multi-TRPs. Several agreements were made in last RAN1# 111 [1] meeting related to required enhancements for extending the specifications for unified TCI framework supporting M-TRP. In this contribution, we provide our views on the Rel-18 extension for indication of multiple DL/UL TCI states, potential issues related to indicating TCI states during dynamic switching between STRP and MTRP operation modes, updating TCI state for only one TRP. In this document, two TRPs are considered for M-TRP operation.
In Rel-18 unified TCI framework extension to multi-TRP transmission schemes, the following agreements were made in RAN1#111 meeting [1].
	Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design
Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
Agreement
On unified TCI framework extension, PDSCH-CJT is supported as a S-DCI based MTRP scheme
Note: Above does not preclude discussions specific to PDSCH-CJT design in the unified TCI framework
Agreement
On unified TCI framework extension, down-select at least one of the following alternatives for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB
Agreement 
On unified TCI framework extension for S-DCI based MTRP, use Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2.
Agreement
On unified TCI framework extension for M-DCI based MTRP, the same configuration/rule used in Rel-17 unified TCI framework (for determining whether the UE shall apply the indicated joint/DL TCI state to PDCCH on a CORESET and respective PDSCH) is reused to determine whether the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET associated with the same coresetPoolIndex value and PDSCH scheduled/activated by the PDCCH.
Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value.
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2. [bookmark: _Hlk100679068]Discussion
2.1 Unified TCI framework for multi-TRP

In Rel-15, beam management was introduced to support independent analog beam selection especially in high frequency range. In Rel-16/17, TCI framework used for beam indication has been further enhanced to achieve low overhead and low latency for single TRP use cases. In Rel-17 NR, unified TCI framework was introduced for further reduction in overhead and latency for high intra-/inter-cell mobility and large number of configured TCI states. In unified TCI framework, BS supports L1-based beam indication (TCI update) to enable common beam for DL data and control and common beam for UL data and control beam operation. There are two types of unified TCI framework defined based on the condition of existence of beam correspondence between between DL and UL. They are separate TCI state indication, used for DL reception and UL transmission if beam correspondence between DL and UL is not assumed, and joint (common) TCI state indication used for DL reception and UL transmission when beam correspondence between DL and UL is assumed.
But in multi TRP scenario, latency and overhead is still an issue in case of beam indication for UL and DL when large number of TCI states are configured. Hence, in Rel.18 it has been agreed to extend the unified TCI framework for M-TRP scenario as well. All the M-TRP scenarios including SDM, FDM, TDM based PDSCH, TDM based PUSCH/PUCCH, SFN based PDCCH/PDSCH, and PDCCH repetition can be considered for Rel. 18 unified TCI framework extension for M-TRP. 
2.1.1 Potential enhancement to L2- based signaling

In Rel-16 NR, if a UE is configured for M-TRP operation, BS configures the UE with up to 128 TCI states using RRC signaling. Then UE is signaled with a MAC-CE that consists of up to eight code points where each code point maps to one or two TCI states out of the configured TCI states. BS signals one out of the eight code points (from MAC CE) using a DCI to the UE for activating the corresponding TCI states. In Rel-17 NR, with the introduction of unified TCI, UE can be configured with up to 128 unified TCI states for joint/DL TCI state indication and 64 TCI states for UL TCI state indication. Further, the BS signals a MAC CE to the UE that consists of up to eight code points where each code point maps to either one joint TCI state in case of a UE configured with joint unified TCI operation or one DL TCI state and one UL TCI state in case of a UE is configured with separate unified TCI operation.
When a M-TRP architecture is combined with unified TCI framework, BS needs to signal a TCI state common for data/channel/RS for each TRP in case of both separate and joint TCI indication to the UE. In order to signal the Common TCI state to a UE using DCI for each TRP, for both separate TCI and joint TCI operation, codepoints should map to multiple DL/UL TCI states in MAC CE structure. Therefore, the MAC CE structure needs to be further studied and modified for indicating multiple DL/UL TCI states to support unified TCI framework for M-TRP transmission. 
For example, as shown in Fig.1 if joint TCI indication is configured through RRC, one codepoint in MAC CE maps to up to two TCI states corresponding to two TRPs respectively and if separate TCI indication is configured through RRC, one codepoint in MAC CE maps to up to four TCI states corresponding to two TRPs respectively. Therefore, for separate and joint TCI indication one codepoint in MAC CE can be associated with up to four TCI states and two TCI states corresponding to two TRPs respectively. As shown in Fig.2, multiple TCI states are mapped to one TCI codepoint and an indicator is needed to indicate whether the octet is containing joint/DL TCI states and/or UL TCI states in the configured MAC CE structure.
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                                  Fig1. Beam indication for joint and separate TCI operation

One joint/DL unified TCI state is configured for a UE out of the 128 Joint/DL TCI states  and one UL unified TCI state is configured for a UE out of the 64 UL TCI states configured for the UE. To support unified TCI framework extension for M-TRP, existing number of codepoints in MAC CE are sufficient to indicate multiple DL/UL TCI states. Therefore the bit field in DCI required to indicate TCI code point should be of length 3 bits.
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            Fig.2 Example of enhanced MAC CE for TCI states activation/deactivation for cases   
                                        Of M>1 and /or N>1                           
Proposal 1: Support enhanced MAC CE structure, where one codepoint in MAC CE structure can be associated to up to four states and further study is required to select type of TCI states from different TCI state pool.
In the last meeting the conclusion was made regarding unified TCI framework extension in Rel-18, to support simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell. We believe per-TRP MPE issue can happen frequently.  Therefore, the separate DL/UL TCI modes serves the scenario where the correspondence between DL and UL beams does not hold. We think it is an important case and should be addressed by supporting simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell.
We intend to propose indication of joint TCI state for one TRP and separate DL/UL TCI state for the other TRP by MAC CE/DCI. As for TCI list configured by RRC, two TCI list will be needed. One list for joint/DL TCI state, and the other one list for UL TCI state. But dynamic switching between joint TCI mode and separate DL/UL TCI mode can be realized by MAC CE or DCI.
Proposal 2: On unified TCI framework extension, support simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell
· Each TRP can be configured with either joint DL/UL TCI mode or separate DL/UL TCI mode 
· TCI list can be configured through RRC

2.1.2 TCI configuration enhancement of PDSCH 

If a DCI schedules a M-TRP PDSCH with any of FDM scheme A, FDM scheme B, TDM scheme A, then this DCI is referred as S-DCI and if a DCI schedules a Single-TRP PDSCH, then it referred as S-TRP DCI. 
In the last meeting, the following agreement were made for S-DCI based MTRP for PDSCH reception.
Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI
Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception.
FFS: Detail design of the new indicator field
According to the pre-RAN1#112 offline email discussion, for unified TCI framework extension for S-DCI based MTRP, a 2-bit TCI selection field can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception. Based on the value of TCI selection field, UE shall apply the indicated joint/DL TCI state to the scheduled/activated PDSCH reception. But if we consider the case for CJT-PDSCH this 2-bit TCI selection filed is not sufficient to indicate the TCI state for PDSCH as CJT supports up to 4 TRPs and PDSCH requires more than 2 joint/DL TCI states. Therefore, it should be further discussed as how to incorporate CJT-PDSCH.
Proposal 3: Support further study for the new field in the DCI to indicate joint/DL TCI state to scheduled/activated CJT-PDSCH.  
2.1.3 TCI state determination for one TRP
 
In the case of a UE configured with M-TRP operation, there would be situations where channel characteristics from one TRP changes, while the channel characteristics from another TRP remains unchanged. This leads to a requirement for the BS to change/update only one out of the two activated TCI states for M-TRP operation.
In this scenario, it is necessary to decide how to determine the TCI state for PDSCH. When UE receives a DCI format 1_1/1_2 indicating two joint/DL TCI state and UE requires to update one TCI state for one TRP with the previous TCI state with new received single TCI state. To handle such configuration of unified TCI state, requires an additional signalling indication based on the RRC configuration associated with TCI state. For example, an index is associated with each TCI state configuration in RRC, and when UE receives two TCI state (TCI 1, TCI 2) and needs to replace by new received single TCI state (TCI 3). So, based on the index associated with TCI state, UE updates any one of TCI 1 and TCI 2 with TCI 3. Then UE applies the newly indicated TCI state(s) for the one TRP and keeps the current applied TCI state(s) for another TRP 
Proposal 4:  In case of UE receives a beam indication DCI indicating TCI state(s) only for one TRP, RRC based configuration to update TCI state for one TRP should be supported.

2.1.4 Dynamic switching between single-TRP and multi-TRP DL/UL          operations

In the following, we will discuss the need and potential ways for dynamic switching between S-TRP and M-TRP DL/UL operations. 
On unified TCI framework extension for S_DCI based MTRP, for serving cell configured with joint/DL/UL TCI mode, for dynamic switching between S-TRP and M-TRP, full set or any subset of TCI states can be mapped to TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment). For joint TCI state mode, full set is {1st joint TCI state, 2nd joint TCI state} and for separate TCI mode, full set is {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}. When UE receives a TCI codepoint with full set of TCI states, UE applies the corresponding TCI states in the full set. For switching from multi-TRP to single TRP, UE needs to activate the single TCI state of the activated code point in the MAC-CE structure. When  single TCI state is indicated, which TCI state should be updated needs to be further indicated to UE. Therefore, an additional DCI indicator field based on RRC configurations is needed to indicate TCI state of the activated code point which should be activated or updated. Based on the new DCI indicator field, UE selects the TCI states that need to be activated during dynamic switching between S-TRP and multi-TRP. Additional signalling is not required to indicate the mode whether it is S-TRP or multi-TRP mode as number of activated TCI states are enough to indicate the S-TRP or multi-TRP mode.

[bookmark: _Hlk127543769][bookmark: _Hlk127526639]Proposal 5: Supports dynamic switching between S-TRP and multi-TRP. A new DCI indicator field based on RRC configuration should be configured. 

2.1.5 Switching between joint and separate TCI states

In the Rel.17, switching between joint and the separate TCI states is semi-static for unified TCI framework for single TRP. And the type of TCI state mode is configured in the higher parameter unifiedtci-StateType. 
For unified TCI framework in multi-TRP, in some scenarios such as high mobility scenarios or when a UE changes its beam dynamically that is being used for DL and UL, the beam correspondence also changes dynamically. In these scenarios, to cope-up with the dynamically changing beam correspondence, the provision to dynamically switch between joint and separate operation will be beneficial. DCI or MAC-CE based signalling can be used to indicate joint or separate TCI state operation. Based on the indication through DCI or MAC-CE based signalling, UE activate TCI states indicated by the codepoint for separate TCI states or Joint TCI state.
Proposal 6: Study support of dynamic switching between joint and separate TCI states using MAC-CE or DCI based signalling.
3. Conclusion
This contribution we discussed potential enhancements to support unified TCI framework for M- TRP.
Further, we summarize the proposals as follows:

Proposal 1: Support enhanced MAC CE structure, where one codepoint in MAC CE structure can be associated to up to four states and further study is required to select type of TCI states from different TCI state pool.
Proposal 2: On unified TCI framework extension, support simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell
· Each TRP can be configured with either joint DL/UL TCI mode or separate DL/UL TCI mode 
· TCI list can be configured through RRC

Proposal 3: Support further study for the new field in the DCI to indicate joint/DL TCI state to scheduled/activated CJT-PDSCH.  
Proposal 4:  In case of UE receives a beam indication DCI indicating TCI state(s) only for one TRP, RRC based configuration to update TCI state for one TRP should be supported.

Proposal 5: Supports dynamic switching between S-TRP and multi-TRP. A new DCI indicator field based on RRC configuration should be configured. 

Proposal 6: Study support of dynamic switching between joint and separate TCI states using MAC-CE or DCI based signalling.
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