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In the revised WID of Rel-17 [1], there are two objectives about inter-cell beam management and inter-cell multi-TRP, respectively. Related texts are extracted from the WID, as follows:
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
…
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
…
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
…
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
…



In RAN2#115-e, we had the following agreements and FFS issues [2].
	FFS whether common framework is feasible to support both “inter-cell beam management” and “inter-cell multi-TRP” considering differences/similarities between two operations.
R2 assumes at least TCI state information is required for TRP with different PCI. 
R2 further discuss RRC parameters based on RAN1 RRC parameters and/or R1 reply LS. 
At R2 115-e the following RRC models is/were on the table: Option 1: Cell, Option 2: BWP, Option 3: beam resource (e.g. TCI state, QCL-info), Option 4: new structure (on high level similar to either of the other options)


In this contribution, we discuss the beam management and mTRP operation in inter-cell scenario.
Discussion
Inter-cell BM vs. Inter-Cell multi-TRP
Beam management (BM) is current an intra-cell procedure. When BM is extended to inter-cell scenario, as our intention in Rel-17, it naturally involves multiple TRPs. This may cause confusion in RAN2: What is the difference between inter-cell BM and inter-cell multi-TRP? Can a common framework be used for the two? In the LS [3] RAN2 sent to RAN1, RAN2 also asked RAN1 to clarify the applicability of inter-cell BM to mTRP.
We first discuss beam management involving different TRPs, in current Releases.
Rel-15
Even without Rel-16 multi-TRP enhancements, a single cell may consists of multiple TRPs, which are configured with different TCI states (maybe also with different CORESETs). Network can indicate UE to use TCI state from another TRP, using beam management procedure. UE is unaware of TRP deployment and does not know where the beam comes from. UE performs Dynamic Point Switching (DPS), i.e. switching between TRPs, using current (intra-cell) BM procedure.
Observation 1:	A single cell may consist of multiple TRPs, and legacy beam management procedure allows UE to switch between beams from different TRPs.
Rel-16
Multi-TRP operation was introduced in Rel-16. The WID [4] states the following:
	· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI



The key enhancement brought by Rel-16 multi-TRP is overlapped transmission by different TRPs, i.e. the support of non-coherent joint transmission (NC-JT). UE may receive multiple DCIs, if it is configured with CORESETs with different CORESETPoolIndex values (e.g. one for each TRP). Also, UE can be indicated to use two TCI states to receive multiple PDSCHs.
Observation 2:	The key enhancement brought by Rel-16 multi-TRP is overlapped transmission by two TRPs, which means UE is indicated to use two TCI states for multi-PDSCH reception.
We then discuss Rel-17 enhancements for “inter-cell” operations.  
Rel-17 inter-cell BM
Rel-17 inter-cell BM, currently under discussion, allows network to indicate a TCI state with PCI different from the serving cell. If UE receives from one cell/TRP at a time, it performs inter-cell DPS between the serving cell TRP and a TRP with different PCI. Notice that according to the revised WID [1], UE does not change its serving cell even if it is indicated to use a beam from another cell in the inter-cell BM procedure. From higher layer perspective, the UE is connected to a single serving cell only, and inter-cell BM procedure allows the UE to be a “guest” in a TRP with different PCI, using the SSBs in that cell only for QCL purposes.
Observations 3:	Inter-cell BM procedure allows the UE to be a “guest” in a TRP with different PCI, using the SSBs in that cell only for QCL purposes.
Rel-17 inter-cell multi-TRP
According to the WID [1], Rel-17 multi-TRP aims at enabling inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework. Similar to Rel-16, UE needs to be indicated to use two TCI states for multi-PDSCH reception. The only difference is that one of the TCI states is now associated with a TRP with different PCI, and UE uses the SSBs in that cell only for QCL purposes. 
The above discussions about beam management involving different TRPs are illustrated in Figure 1.
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Figure 1.	Beam management involving different TRPs
TCI Frameworks to support inter-cell BM and inter-cell multi-TRP operations
1.1.1 Interpretation of RAN1 response
We now come back to RAN2 FFS issue about whether a common framework is feasible to support both “inter-cell beam management” and “inter-cell multi-TRP” considering differences/similarities between two operations. In latest RAN1 reply LS [5], we got the following answer:
	Question 1: RAN2 notes that WI objective 1 states "The same beam measurement/reporting mechanism will be reused for inter-cell mTRP "). RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?

Answer 1: Rel17 Inter-cell BM and inter-cell mTRP have common points but they are not entirely the same. The common and different points are as follows: they both use the same beam measurement/reporting mechanisms but they have different TCI signaling framework (beam indication) as inter-cell BM is based on Rel17 unified TCI while inter-cell mTRP is based on Rel15/16 TCI framework. For inter-cell BM, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update; for inter-cell mTRP, UE assumes mDCI-mTRP based multi-PDSCH reception.



In RAN1’s answer, it is stated clearly that beam indication is based on different TCI frameworks for inter-cell BM and inter-cell mTRP operations. Our understanding about the TCI frameworks is as follows.
· In Rel-15/16 TCI framework, separate signalling mediums are used in beam indication for different channels and signals, and for DL and UL 
· This provides flexibility for NW beam-based scheduling, however, leads to large latency & signaling overhead
· Multi-DCI-multi-PDSCH reception in mTRP operation is enabled by configuration of CORESETs with different CORESETPoolIndex, MAC CE TCI state activation for different CORESET pools, MAC CE indication of TCI states for multiple CORESETs, and (optional) DCI indication of TCI state for each PDSCH.  
· Rel-17 introduces a unified TCI framework to streamline beam indication for both DL & UL, that is, one DCI can indicate one single beam for almost all DL and UL channels and signals. 
· The framework adopts a multi-stage procedure analogous to Rel-15 TCI framework for PDSCH.
· The Rel-17 TCI framework is optimized for single beam operation, where all channels and signals are received using the same DL QCL assumptions or transmitted using the same UL spatial filter, i.e. RAN1 only supports (M,N)=(1,1). As a consequence, multi-DCI-multi-PDSCH multi-TRP is not supported with Rel-17 unified TCI framework, even with intra-cell TRPs.	Comment by Chia-Hao Yu (游家豪): I guess this is your intention?	Comment by MediaTek (Li-Chuan): I think multi-DCI is also not supported? I mean, RAN1 only supports (M,N)=(1,1), i.e. no multiple activated TCI states for PDCCH/PDSCH reception and PUCCH/PUSCH transmission
Considering the major differences between the Rel-15/16 (legacy) and Rel-17 unified TCI frameworks, we suggest not configuring the two frameworks together in a UE. RAN2 can further study how to tell UE which framework to use.
Proposal 1:	The Rel-15/16 (legacy) and Rel-17 unified TCI frameworks are not configured together in a UE. RAN2 can further study how to tell UE which framework to use.
1.1.2 RRC configurations 
General RRC model
According to discussions in RAN2#115-e [2], there are 4 options on the table for RRC models for inter-cell TCI states. 
· Option 1: Cell
· Option 2: BWP
· Option 3: Beam resource (e.g. TCI state, QCL-info), 
· Option 4: New structure (on high level similar to either of the other options)
According to WI objective, inter-cell BM does not trigger serving cell change. This makes the purpose of “using beams from another cell” in inter-cell BM/multi-TRP operations more like throughput boosting, rather than for mobility use. An example is shown in Figure 2.
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Figure 2.	Multi-cell Operation in Rel-17
In Figure 2, UE 1 served by Cell A is also in the coverage of Cell B. If inter-cell BM or multi-TRP is supported, network let UE enter multi-cell operation (Cell A+B) by indicating to UE a TCI state from Cell B. In this way, UE is able to utilize the resource from Cell B to boost its throughput. Cell A is UE’s PCell, and once UE leaves the coverage of Cell A, it has to perform handover (PCell change). The TCI states configured for Cell B will be discarded after handover. Similarly, UE2 is in multi-cell operation with Cell A+C.
Since Rel-17 inter-cell BM/multi-TRP will be applicable only when UE is in the coverage of serving cell, we suggest adopting the beam resource configuration (Option 3) for RRC modelling, and the configurations for TCI states from a TRP with different PCI can be included in the serving cell configurations. The details (RRC parameters) can be discussed after further RAN1 input. 
Proposal 2:	Inter-cell TCI states are configured as beam resources in the serving cell configurations.
List of TCI states
TCI states need to be configured for both TCI frameworks. In Rel-15/16, TCI states (up to 128) are listed in tci-StatesToAddModList in PDSCH-Config. In Rel-17, we need to discuss the following:
· Do we need a separate list for TCI states from a TRP with different PCI?
· Do we need different lists of TCI states for inter-cell BM and inter-cell mTRP?
We suggest that TCI states from serving cell and TRP with different PCI can be contained in the same list. These TCI states can be used by inter-cell BM or multi-TRP operation, depending on different MAC CE and DCI signaling.
Proposal 3:	TCI states from serving cell and TRP with different PCI can be contained in the same list in PDSCH-Config of serving cell.
TCI states for each CORESET
In Rel-15/16 TCI framework, a subset of (up to 64) TCI states can be configured for each CORESET (i.e. tci-StatesToAddList in ControlResourceSet), and the TCI state for PDCCH monitoring is selected from this list. If we allow TCI states from TRP with different PCI to be configured for a CORESET, such TCI states can be indicated for PDCCH monitoring, in both inter-cell BM (single beam) and inter-cell multi-TRP (multiple beams) operation. 
However, RAN1 already decided that inter-cell BM should use Rel-17 unified TCI framework, in which a single TCI state is indicated for PDCCH and PDSCH. Therefore, when extending Rel-15/16 TCI framework to support inter-cell multi-TRP scenario in Rel-17, we need a way to prevent UEs using Rel-15/16 TCI framework from operating inter-cell BM.
Observation 4:	When extending Rel-15/16 TCI framework to support inter-cell multi-TRP scenario in Rel-17, we need a way to prevent UEs using Rel-15/16 TCI framework from operating inter-cell BM.
To achieve this, we may set a constraint that if UE is configured to use Rel-15/16 TCI framework, TCI states from TRP with different PCI can be configured only in CORESETs with CORESETPoolIndex=1. In this way, Rel-15/16 TCI framework can indicate UE to use an inter-cell TCI state only in multi-TRP operation (i.e. UE is configured with multiple CORESET pools). An example is illustrated in Figure 3, where TCI states A1 to A3 are from Cell A and TCI states A1 to A3 are from Cell B. If TCI states Ax and Bx can be configured for one CORESET, inter-cell BM is possible with Rel-15/16 TCI framework, which is not what we want.
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Figure 3.	TCI states for CORESET in Rel-15/16 TCI framework
We have the following proposal:
Proposal 4:	If UE is configured to use Rel-15/16 TCI framework, TCI states from TRP with different PCI can be configured only in CORESETs with CORESETPoolIndex=1.
Notice that in Rel-17 unified TCI framework, we may not need to configure TCI state in ControlResourceSet, since a single TCI state will be used for PDCCH and PDSCH reception. RAN2 can confirm the details in the RRC discussion about unified TCI framework.
1.1.3 MAC CE TCI state activation and indication
TCI states activation for PDSCH
In Rel-15/16 TCI framework, the “TCI States Activation/Deactivation for UE-specific PDSCH” MAC CE can activate and deactivate TCI states for each CORESET pool. For Rel-17 enhancements, the MAC CE can be used, and 
· For inter-cell multi-TRP using Rel-15/16 TCI framework, following the same reason for Proposal 4, TCI states from TRP with different PCI can only be activated for CORESET Pool #1. In other words, the downlink transmission can only be scheduled by a CORESET in Pool#1. 
· For inter-cell BM using Rel-17 unified TCI framework, CORESET pool is not needed (and not support), and thus the CORESET Pool ID field is always ‘0’, or ignored by UE.
Proposal 5:	The “TCI States Activation/Deactivation for UE-specific PDSCH” MAC CE can be used for both inter-cell BM and inter-cell multi-TRP operations. 
· For inter-cell multi-TRP, TCI states from TRP with different PCI can only be activated for CORESET Pool #1. 
· For inter-cell BM, CORESET Pool ID field is always ‘0’, or ignored by UE.
TCI state indication for PDCCH 
If UE is configured to use Rel-15/16 TCI framework, TCI states from TRP with different PCI can only be indicated for PDCCH monitoring in a CORESET in Pool#1, following the same reason for Proposal 4.
Proposal 6:	If UE is configured to use Rel-15/16 TCI framework, TCI states from TRP with different PCI can only be indicated for PDCCH monitoring in a CORESET in Pool#1.
Note that if UE is configured to use Rel-17 TCI framework, TCI state for PDCCH monitoring is the same as that for PDSCH, and is indicated by DCI/MAC CE. 
[bookmark: _GoBack]Figure 4 and 5 illustrate the beam indication (including RRC configuration, MAC activation/indication, and DCI indication of TCI states), for inter-cell BM and inter-cell multi-TRP operations, respectively.
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Figure 4.	Beam indication of inter-cell BM, using Rel-17 TCI framework
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Figure 5.	Beam indication of inter-cell multi-TRP, using Rel-15/16 TCI framework

Conclusion
This contribution discussed inter-cell beam management and multi-TRP operations. We have the following observations:
Observation 1:	A single cell may consist of multiple TRPs, and legacy beam management procedure allows UE to switch between beams from different TRPs.
Observation 2:	The key enhancement brought by Rel-16 multi-TRP is overlapped transmission by two TRPs, which means UE is indicated to use two TCI states for multi-PDSCH reception.
Observation 3:	Inter-cell BM procedure allows the UE to be a “guest” in a TRP with different PCI, using the SSBs in that cell only for QCL purposes.
Observation 4:	When extending Rel-15/16 TCI framework to support inter-cell multi-TRP scenario in Rel-17, we need a way to prevent UEs using Rel-15/16 TCI framework from operating inter-cell BM.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	The Rel-15/16 (legacy) and Rel-17 unified TCI frameworks are not configured together in a UE. RAN2 can further study how to tell UE which framework to use.
Proposal 2:	Inter-cell TCI states are configured as beam resources in the serving cell configurations.
Proposal 3:	TCI states from serving cell and TRP with different PCI can be contained in the same list in PDSCH-Config.
Proposal 4:	If UE is configured to use Rel-15/16 TCI framework, TCI states from TRP with different PCI can be configured only in CORESETs with CORESETPoolIndex=1.
Proposal 5:	The “TCI States Activation/Deactivation for UE-specific PDSCH” MAC CE can be used for both inter-cell BM and inter-cell multi-TRP operations. 
· For inter-cell multi-TRP, TCI states from TRP with different PCI can only be activated for CORESET Pool #1. 
· For inter-cell BM, CORESET Pool ID field is always ‘0’, or ignored by UE.
Proposal 6:	If UE is configured to use Rel-15/16 TCI framework, TCI states from TRP with different PCI can only be indicated for PDCCH monitoring in a CORESET in Pool#1.
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