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1.   Introduction
[bookmark: _Hlk492027000][bookmark: _GoBack]In Rel-16, RAN1 only managed to discuss and finalize URLLC schemes for PDSCH and the basic framework of non-coherent joint transmission schemes based on single and multiple PDCCH design. As time was limited to discuss all the details, some work has been carried over to Rel-17. 
In Rel-17, WI allows discussing the remaining items, and the objectives are stated as below. [1]
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
0. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
0. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
0. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
0. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
--------<text omitted>-------------
4. Enhancement on CSI measurement and reporting:
1. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2

In this contribution, we focus on beam-management related enhancements for simultaneous multi-TRP transmission with multi-panel reception. 
2.    Discussion 
[bookmark: _Hlk528168953][bookmark: _Hlk23778132]2.1	Enhanced Group-based Beam Reporting  
In multi-TRP operation in FR2, the UE should be scheduled with multiple beams from different TRPs. Because the UE RX beam is usually implemented with hybrid beamforming, the UE only can direct RX beam to a single direction. However, if two beams for the multi-TRP operation are associated with a UE RX panel, only one of two beams can be received by the panel with the optimized RX beam. For example, in Figure 1(b), beam pair {beam 1, beam 5} or {beam2, beam3} are associated with a single panel, and they cannot be received simultaneously. This issue may be valid in both single and multi DCI based multi-TRP operations. 
In single-DCI based multi-TRP scheme, if a pair of TCI state cannot be received by UE at the same time, the PDSCH reception will be failed. In multi-DCI based multi-TRP scheme if two TCI states scheduled by each TRP cannot be received simultaneously, UE only can receive a PDSCH, and other PDSCH will be failed. 
From the network perspective, a TRP transmitter may also suffer due to the problem of determining transmission beams. In particular, for hybrid beamforming, one TRP panel can transmit a single beam at a given time. For example, in Figure 1 (b), the TRP1 is only capable of transmitting either beam 1 or beam 2, but the UE cannot be scheduled with two beams even though it can receive both beams at the same time as shown in Figure 1 (b). 
In Figure 1 (a), a UE can receive beam 2 and beam 3 by two panels, and TRP1 and TRP2 can transmit them. But, if UE is rotated (Figure 1(b)), beam 2 and beam 3 cannot be simultaneously received due to the same reason mentioned before. If one thinks on using group-based beam reporting of Rel-15 as it is and if UE reports beam 1 and beam 2 as a preferred pair of two beams, another problem happens that the TRP1 cannot transmit beam1 and beam 2 simultaneously.  
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Figure 1. Beam reception at a multi-panel UE with multiple TRPs 

So, it is observed that when used for multi-TRP transmission in FR2, the existing beam management procedure has a limitation of ambiguities of the capability of simultaneous transmission and reception by TRP and UEs. 
Observation 1: Rel-15/16 beam management has limitation to support multi-TRP transmission in FR2 due to ambiguities on
1. TCI state association to multi-TRPs
1. UE’s simultaneous reception 

The issues mentioned above may impact differently for various backhaul conditions. For ideal backhaul, it is possible to use group-based beam reporting, and the UE can be requested to report a pair of beams to be received simultaneously. So, the second ambiguity may be solved. However, in order to avoid UE selecting the beams from the same TRP, the information of TCI states association to what TRP should be provided. 
Observation 2: In Rel-15/16 group-based beam reporting, TCI state association to TRP is unknown to UE. Thus, it may report beam pairs which is associated with the same TRP which cannot be simultaneously scheduled. 
For non-ideal backhaul, Rel-15/16 like group-based beam reporting may be more inefficient as required number of beam pair reports from the UE could be much higher to find possible combinations that each TRP can use simultaneously without much coordination between TRPs. Also, as in the earlier observation, it is required that UE knows which beams are associated with different TRPs, such that reporting becomes efficient. In certain situations, group-based beam reporting per TRP could also be used together with the group-based beam reporting across TRPs such that network can derive beam pairs that can be used simultaneously at TRPs. Therefore, some level of enhancement is needed on existing group-based beam reporting. 
Proposal 1: Group-based beam reporting mechanism shall be enhanced such that the UE can report efficiently the beam pairs that can be received simultaneously across two TRP.
When group-based beam reporting is enabled, and reporting of the beam pairs are done across TRP or per TRP, there should be UE known association between CSI-RS resources or SSB to a TRP. We think that the SSB/CSI-RS can be grouped, and each group is assumed to be associated with a TRP. 
For SSB-based beam management, and the indication of SSB group can be delivered to UE via RRC configuration. Such information can be included in several ways, but it is efficient to provide this information as a part of CSI-report configuration whenever the CSI-report is associated with multi-TRP beam management. 
For CSI-RS-based beam management, TCI state is indicating the beam information, so information to indicate the grouping of TCI state (or QCL-information) can be provided to the UE, as in Figure 2. Since this happens when UE RX and gNB TX are equipping hybrid beamforming, the grouping information can be included if a TCI state/QCL information are including QCL-Type D property. 
With the information of SSB or CSI-RS associated with each TRP, the UE can report the best two (or more depending on the enhancements) beams which are associated with the same or different TRPs depending on the further network configurations (per TRP or across TRP) on group-based beam reporting. 
Proposal 2: For group-based beam reporting for multi-TRP operation, support indication mechanism for grouping SSB/CSI-RS resources such that associating TRP can be known to the UE.  
In this case, the UE can be configured with different reporting mode. The reporting mode can be either “per-TRP” or “across-TRP”. For flexible beam management by gNB, two modes can be configured semi-statically or dynamically. 
Proposal 3: For group-based beam reporting for multi-TRP operation, support switching modes of “per-TRP ” and “across-TRP”.  
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Figure 2. CSI Resource transmission group for Multi-TRP

2.2 	Enhanced non-group-based beam reporting. 
When the group-based beam reporting is not supported, it also important to see any enhancements related to non-group-based beam reporting for multi-TRP operation specially considering non-ideal backhaul scenario. In this kind of situation, each TRP may configure different CSI-report configurations at each TRP. If two CSI-reports are independent, the UE’s capability to receive multiple beams via multiple TRPs at the same time is hardly known to the network. 
In order to get simultaneous reception related CSI feedback, it should be possible to associate a CSI report of one TRP with another CSI report(s) associated with the other TRP. The UE shall use the additional association when reporting quantities are determined. In one example, if a CSI-report for L1-RSRP report is associated with another CSI-report, the SSBRI or CRI to be reported in the CSI-report should be selected with the consideration of simultaneous reception by the UE with the SSB or CSI-RS resources reported in the associated CSI-report. From such a CSI reporting enhancement, gNB can select transmission beams to enable simultaneous reception at the UE. 
Proposal 4: For non-group based beam reporting, support association of a CSI-report to other CSI-report to ensure the UE’s simultaneous reception from multi-TRP for multi-DCI based multi-TRP operation, and UE shall select beams to be reported with the consideration of the simultaneous reception from two TRP.

2.3	On the default QCL assumption for multi-TRP operation 
During RAN1 #99 meeting, RAN1 has agreed to the following on the default QCL assumption for multi-TRP operation.
	Agreement 
For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH.
· If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed
The support of this feature is part of UE capability.



The aforementioned agreement was made in a rush and not fully optimized for multi-TRP operation, in particular, this limits the flexibility of multi-TRP operation because only MAC-CE based beam switching can be applied. 
The agreed default QCL assumption for single DCI based multi-TRP operation can be a solution for a specific scenario when only semi-static beam switching is expected for multi-TRP operation in FR2. Whenever beam change in a TRP is observed, UE shall be updated with a new MAC-CE, and this is only applicable when fixed/LOS environment. Figure 3 illustrated the operation of the agreed QCL assumption.
As shown in the figure, if beam switching happens, new MAC-CE is transmitted to update the TCI code points set. And, to update the TCI code points, a break or non-optimized period (beam mismatch) are expected with the amount time of “PDSCH for MAC-CE delivery + PUCCH ACK + 3ms”. 

[image: ] 
Figure 3. Illustration of beam update with the agreed QCL assumption
Though the agreed method is useful when UE only support K0=0, for a UE support K0>0, the agreed default assumption is not efficient due to latency for MAC-CE activation. 
We think that much faster beam switching can be achieved if the UE can simply assume default QCL assumptions to be same as the QCL assumption of the latest received PDSCH. When beam switching happens, the network can use K0>timeDurationForQCL, and this will be the only break time for this operation. Figure 4 shows the operation with such an assumption. With the use of the latest PDSCH to get the default QCL assumption, MAC-CE transmission may also be not required. 
So, at least, if the UE indicates its capability of scheduling offset K0 larger than 0, it is beneficial to use the proposed default QCL assumption. 

[image: ]
Figure 4. Illustration of beam update with the proposed QCL assumption

Proposal 5: For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the scheduling offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states scheduled for the latest PDSCH reception by the PDCCH in the same CORESET.



2.4	Common beam for data and control transmission/reception for DL and UL
One of the objectives for multi-beam enhancements is to consider common beam for data and control transmission/reception for DL and UL as follows [1]:
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
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 to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection




Regarding common beam for DL and UL control and data, which is understood that a single TCI state is used to determine common beam for control and data, a starting point could be to consider default beam definitions in Rel15 and Rel16. Rel15 and Rel16 introduced default spatial sources per certain signal and channel as described below: 
· PDSCH:
· If scheduling offset[footnoteRef:2] < timeDurationForQCL: TCI state of the lowest CORESET ID in the latest slot monitored by UE [2:  scheduling offset means time between last symbol of the PDCCH transmitting DCI to the UE and the scheduled transmission by DCI] 

· If scheduling offset >= timeDurationForQCL:  TCI state of CORESET of scheduling PDCCH (when tci-PresentInDCI is not configured)
· CSI-RS
· No default DL beam for P-CSI-RS, SP-CSI-RS (TCI state explicitly configured P-CSI-RS or activated SP-CSI-RS)
· AP-CSI-RS: If scheduling offset < beamSwitchTiming : TCI state of the lowest CORESET ID in the latest slot monitored by UE

· PUCCH/SRS
· If spatial relation is not configured in FR2 determine spatial relation as follows:
· in the case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· PUSCH scheduled by DCI format 0_0
· when there is no PUCCH resources configured on the active UL BWP CC in FR2 and in RRC-connected mode:
· The default spatial relation is the TCI state / QCL assumption of the CORESET with the lowest ID

What one can observe is that default beam definitions are not really consistent with each other. i.e. there is actually no possibility to use a single common QCL/TCI/spatial source for the DL and UL signals other than CORESET#0. However, CORESET#0 is a special CORESET, and its configuration is restricted to a limited number of combinations of parameters compared to CORESETs with indices other than 0. Also, that does not support common beam per TRP which would be beneficial in multi-TRP scenario.
A simple approach could be to define certain active TCI state (activated using specific MAC CE) as a common source for DL control and data and UL control and data at a time. However, that is having the following issues:
· DL beam based on TCI state may be good based on provided L1-RSRP report for the QCL-TypeD RS of the TCI state. However, UL, if using the RS as spatial source, may suffer from MPE limitation which gNB is not aware beforehand
· A single active TCI state as common beam does not support multi-TRP operation where it would make sense to support common beam per TRP
· One example could be to define active TCI state of certain CORESET in the CORESETPoolIndex to act as common beam in DL

Proposal 6: Support common beam for DL and UL (control and data) per TRP in multi-TRP scenario for the UE.

2.5 Beam Failure Recovery Enhancements for M-TRP
Beam failure recovery (including failure detection and recovery procedure) was defined in Rel-15 where both CFRA and CBRA based approaches were defined. As Rel15 beam failure recovery only supported SpCell, in Rel16 a support for SCell BFR was specified. However, although the M-TRP operation was specified in Rel-16, the BFR procedures were not enhanced beyond single TRP operation. 
As an example, the number of CORESETs with active TCI states was increased to 5 while the maximum number of BFD-RS in set of q0 is two. Furthermore, in beam failure detection, all the RS in the set of q0 need to be in failure condition and thus failure detection procedure does not support failure detection and recovery on TRP basis. 
In addition, UE can suffer beam failure for one TRP while no beam failure is detected for the other TRP, and this is similar situation as in CA scenario where a beam failure is detected for one serving (e.g. SCell) while PCell is not in failure condition. As a solution, the SCell BFR was specified in Rel16. Thus, enhancement for BFR procedure considering multi-TRP scenario could be considered.
Proposal 7: Study enhancements for beam failure detection and recovery for multi-TRP scenarios.

3 Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss remaining details related to multi-TRP/panel transmission. The following observations and proposals are made.
Observation 1: Rel-15/16 beam management has limitation to support multi-TRP transmission in FR2 due to ambiguities on
1. TCI state association to multi-TRPs
1. UE’s simultaneous reception 

Observation 2: In Rel-15/16 group-based beam reporting, TCI state association to TRP is unknown to UE. Thus, it may report beam pairs which is associated with the same TRP which can not be simultaneously scheduled. 
Proposal 1: Group-based beam reporting mechanism shall be enhanced such that the UE can report efficiently the beam pairs that can be received simultaneously across two TRP.
Proposal 2: For group-based beam reporting for multi-TRP operation, support indication mechanism for grouping SSB/CSI-RS resources such that associating TRP can be known to the UE.  
Proposal 3: For group-based beam reporting for multi-TRP operation, support switching modes of “per-TRP ” and “across-TRP”.  
Proposal 4: For non-group based beam reporting, support association of a CSI-report to other CSI-report to ensure the UE’s simultaneous reception from multi-TRP for multi-DCI based multi-TRP operation, and UE shall select beams to be reported with the consideration of the simultaneous reception from two TRP.
Proposal 5: For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states scheduled for the latest PDSCH reception by the PDCCH in the same CORESET

Proposal 6: Support common beam for DL and UL (control and data) per TRP in multi-TRP scenario for the UE.
Proposal 7: Study enhancements for beam failure detection and recovery for multi-TRP scenarios.
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