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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of two timing advance (TA) loops for UL multi-DCI for multi-TRP operations: 
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7.  Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.




Previous RAN#1 agreements [R1- 2212878]:
	RAN1#111

	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 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, 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, 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



[bookmark: _Toc116995842]Discussion
[bookmark: _Toc116995848]In this section, we will discuss the RRM impacts of extending the Unified TCI framework to multi-TRP operation, particularly with multiple UL. 
Scenarios
Background from Rel-16 and Rel-17
Rel-17 defined unified TCI framework, i.e. using TCI states for different channels and defining UL TCI states which enhanced NR operation. This improvement in Rel-17 targeted single TRP operation and UL using multi TRP was only supported with TDM patterns. As such, Rel-17 only supports 1 indicated TCI state at a time with either joint or separate TCI configuration. As part of the MIMO evolution objectives in Rel-18 it is targeted to specify 2 indicated TCI states for UE for simultaneous UL transmission. Figure 1 illustrates the evolutions of the TCI framework through the releases and Figure 2 illustrates the background definitions for separate and joint TCI configurations within unified TCI framework. 

[image: ]
[bookmark: _Ref126695347]Figure 1: Evolution of TCI framework throughout the releases.
[bookmark: _Toc127545737]Rel-17 Unified TCI framework targeted single TRP operation.
[bookmark: _Toc127545738]Rel-17 also supported mTRP operations (m-DCI and s-DCI) with PUCCH & PUSCH repetitions with beam diversity though this was outside of Unified TCI framework. Furthermore, multi-TRP operation for UL was only supported with TDM patterns.

[image: ]
[bookmark: _Ref127130884]Figure 2: Background definitions for separate and joint TCI configuration from Rel-17.

The configuration of the pool of TCI states is done in RRC and it can be done either for joint or for separate TCI operation. In joint operation the pool is up to 128 TCI states which are used for joint UL and DL. In separate configuration, there are two pools, one for DL and one for UL. They each contain up to 64 (for PDCCH) or 128 (for PDSCH) for DL and 32 or 64 TCI states for UL. This is illustrated in Figure 3.
Then, MAC can activate a pool of up to 8 TCI codepoints, each of them either pointing to a DL, an UL or a joint DL/UL pair of TCI states. In separate TCI configuration, the maximum number of activated codepoints is 8, therefore the maximum number of activated TCI states can be {8 DL + 8 UL}, in the case that each codepoint points to a pair of DL/UL TCI states. 
Finally, the indication is done via DCI whenever the pool of activated TCI states contains more than 1 TCI state. 

[image: ]
[bookmark: _Ref127172085]Figure 3: configuration, activation, and indication of TCI states for Rel-18.
In Rel-17, there is one indicated codepoint which can be associated to one TCI state for joint configuration (i.e. one entry per codepoint) or to 2 TCI states for separate configuration (i.e. 2 entries per codepoint). In Rel-18, one codepoint can be associated to 2 indicated TCI states (i.e. 2 joint TCI states or 2 DL + 2 UL in separate TCI configuration) in the same DCI, thus enabling s-DCI m-TRP operation.
Rel-18, RAN1 agreed that one codepoint can point to either
· up to 2 joint TCI states or 
· up to 2 DL + 2 UL TCI states in separate configuration 
in the same DCI, thus enabling s-DCI m-TRP operation.
s-DCI vs m-DCI operation
Both s-DCI and m-DCI operations are addressed with either joint or separate TCI configurations. The use cases for s-DCI are illustrated in Figure 4 whereas the ones for m-DCI are illustrated in Figure 5.
[image: ]
[bookmark: _Ref127132570]Figure 4: s-DCI use cases for Rel-18 TCI framework.
[image: ]
[bookmark: _Ref127132586]Figure 5: m-DCI uses cases for Rel-18 TCI framework

From the above Figure 4 and Figure 5, we can find different considerations for s-DCI and m-DCI operation which can have impact on RAN4 requirements. The following points address the question on whether we need different sets of RAN4 requirements for s-DCI and for m-DCI operation.
a. s-DCI is defined for same active TCI states or different active TCI states across TRPs in joint and separate UL/DL TCI configuration
i. Only one of the TRPs schedules the data for both TRPs, which requires tight coordination among the TRPs
ii. PDCCH/PUCCH are only sent by/to one of the TRPs
iii. m-TRP with s-DCI requires extension of the of codepoints for indication of the TCI state for simultaneous transmission/reception, i.e. enabling 2 indicated TCI states from the same list of active TCI states (open in RAN1)
iv. m-TRP operation in UL with s-DCI for 4 layers requires extension of 1 codeword to support 4 layers (open in RAN1 if to support 2 codewords)

b. m-DCI is only applicable to different TCI states across TRPs for joint and separate UL/DL TCI configuration
i. Each TRP sends its own DCI
ii. m-DCI operation is supported also in non-ideal backhaul deployments
iii. m-DCI enables independent scheduling per TRP
iv. PHY or MAC is not shared between the TRPs
v. Each TRP has its own list of activated TCI states
vi. m-TRP with m-DCI is equivalent to two parallel Rel-17 mechanisms, one per TRP
vii. m-TRP with m-DCI can already be supported with 2 codewords from Rel-17, where each codeword supports 2 layers

c. s-DCI or m-DCI is configured by the network via RRC configuration
[bookmark: _Toc127545739]m-TRP with s-DCI requires extension of the numbers of codepoints for indication of the TCI state i.e. enabling 2 indicated TCI states from the same list of active TCI states (open in RAN1).
[bookmark: _Toc127545740]m-TRP with m-DCI is equivalent to parallel Rel-17 mechanism per TRP.
[bookmark: _Toc127545741]s-DCI may be scheduled for either joint or separate TCI configurations.
[bookmark: _Toc127545742]m-DCI may be scheduled for either joint or separate TCI configurations.
[bookmark: _Toc127545743]RAN4 to define requirements for both single-DCI and multi-DCI scenarios in MIMO_evo Rel-18 with support of both cases of joint or separate frameworks.
[bookmark: _Toc127545744]Discuss whether different requirements are needed for s-DCI operation and m-DCI operation in each joint or separate TCI frameworks, as shown in the 4 cases below:
[bookmark: _Hlk127545661][image: ] [image: ]

DL RS tracking for Joint and Separate TCI configurations
From the above Figure 4 and Figure 5, we can find different considerations for joint and separate TCI configurations for the cases of s-DCI and of m-DCI operations, which can impact RAN4 requirements. The following section addresses the need for tracking DL RS for both DL and UL TCI states in separate TCI operation. 
a. Each UL TCI is associated to one or two DL RS
b. DL RS tracking is used for spatial filter (i.e. beam) and for timing/frequency alignment
c. Rel-18 can indicate 2 UL TCI states and support 1 or 2 TA loops for timing adjustment (as discussed in RAN1)
i. With 2 indicated UL TCI states, UE needs to track 
· DL RS from both UL TCI states for time tracking and 
· DL RS from both UL TCI states for beam alignment (for power control and spatial filter).
· 
[bookmark: _Toc127545745]With 2 indicated UL TCI states, the UE needs to track DL RS from both UL TCI states for time tracking and both DL RS for beam alignment (for power control and spatial filter).
[bookmark: _Toc127531250][bookmark: _Toc127545746]In separate TCI configuration, the UE is required to track DL RS associated to each activated TCI state (i.e. UL and DL TCI). DL RS tracking per indicated UL TCI is the baseline operation.

IBM (Independent Beam Management) for CA cases
RAN4 has defined IBM operation for CA cases where the IBM definitions are illustrated in Figure 6. The use cases for IBM are shown in Figure 7. Figure 6 and 7 also illustrates the CBM which was discussed in RAN4 but without conclusion. IBM is addressing FR2 inter-band CA operation.
[image: ]
[bookmark: _Ref126697162]Figure 6 Illustrations of IBM and CBM definitions.
[image: ]
[bookmark: _Ref126697197]Figure 7 Illustration of intra-band CA versus inter-band CA configuration with IBM and CBM operation, including timing alignment error (TAE) requirements.
Although IBM and CBM were discussed under the context of FR2 inter-band carrier aggregation, similar discussion can be relevant in the case of MIMO with multiple TRPs. When using the FR2 inter-band CA IBM operation, it is considered that the UE is tracking reference signals form two component carriers. That enables the UE to adapt its spatial settings and adapt to the DL frame boundary of the two component carriers independently. Therefore, that allows for flexible deployment of cells with different CCs, which can be deployed with non-collocated TRPs.  
For the case of MIMO evolution, a similar scenario as the one supported by IBM is introduced. One of the objectives to support non-collocated TRPs for MIMO. For that reason, it is assumed that the UE is adjusting its spatial settings independently for each TRP to which it is receiving and transmitting.   
[bookmark: _Toc127216155][bookmark: _Toc127545747]For MIMO operation on 2 indicated TCI states with different QCL-type D RS sources, the IBM framework could be applied to ensure beam and timing tracking.

Conclusion
In this contribution, the MTTD requirements when the propagation delay difference is within CP is discussed. The following observations and proposals are presented: 
[bookmark: _Toc116995849]Observation 1: Rel-17 Unified TCI framework targeted single TRP operation.
Observation 2: Rel-17 also supported mTRP operations (m-DCI and s-DCI) with PUCCH & PUSCH repetitions with beam diversity though this was outside of Unified TCI framework. Furthermore, multi-TRP operation for UL was only supported with TDM patterns.
Observation 4: m-TRP with s-DCI requires extension of the numbers of codepoints for indication of the TCI state i.e. enabling 2 indicated TCI states from the same list of active TCI states (open in RAN1).
Observation 5: m-TRP with m-DCI is equivalent to parallel Rel-17 mechanism per TRP.
Observation 6: s-DCI may be scheduled for either joint or separate TCI configurations.
Observation 7: m-DCI may be scheduled for either joint or separate TCI configurations.
Proposal 1: RAN4 to define requirements for both single-DCI and multi-DCI scenarios in MIMO_evo Rel-18 with support of both cases of joint or separate frameworks.
Proposal 2: Discuss whether different requirements are needed for s-DCI operation and m-DCI operation in each joint or separate TCI frameworks, as shown in the 4 cases below:
[image: ] [image: ]
Observation 8: With 2 indicated UL TCI states, the UE needs to track DL RS from both UL TCI states for time tracking and both DL RS for beam alignment (for power control and spatial filter).
Observation 9: In separate TCI configuration, the UE is required to track DL RS associated to each activated TCI state (i.e. UL and DL TCI). DL RS tracking per indicated UL TCI is the baseline operation.
Proposal 3: For MIMO operation on 2 indicated TCI states with different QCL-type D RS sources, the IBM framework could be applied to ensure beam and timing tracking.
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