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Introduction
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. 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
ii. 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



This contribution provides Samsung’s views on the highlighted topic above.

Beam management (BM) enhancements for multi-TRP
1 
2 
According to the WID, simultaneous transmissions from different TRPs with multi-panel reception at the UE need to be supported – along with at least the corresponding signalling support and measurement requirements – need to be specified. Further, the beam failure recovery (BFR) procedure may also need to be optimized such that early detection of the beam failure on one or more coordinating TRPs can be achieved. The early beam failure detection is beneficial for the network to promptly recover the failed beam pair, i.e., by re-establishing a new TX-RX beam pair, and/or switching to the single TRP transmission. 
Simultaneous multi-TRP transmission with multi-panel reception


Figure 1. An illustrative example of simultaneous multi-TRP transmission with multi-panel reception
As illustrated in Figure 1, a UE can activate multiple antenna panels (RX-panel-1 and RX-panel-2 in this example) to receive the simultaneous transmissions from the coordinating TRPs (TRP-1 and TRP-2 in this example). Especially at FR2, it is obvious that in contrast to the single-panel reception, the multi-panel reception can better exploit the MIMO spatial multiplexing/diversity gains for the multi-TRP transmission if implemented properly. 
Prior to discussing the simultaneous multi-panel reception for the multi-TRP transmission more in detail, we would like to first review some essential single-beam reception and multi-panel reception related assumptions/operations in Rel. 15/16. For the simultaneous single RX beam reception on FR2 (i.e., a single QCL-TypeD), various priority rules and network scheduling options have already been defined in the specifications to handle multiple channels overlapping in the same OFDM symbol. For instance, according to 38.214, if the PDCCH and PDSCH scheduled before timeDurationForQCL overlap and their QCL-TypeD assumptions are different, the reception of the PDCCH is prioritized over the PDSCH. Further, there has already been some support and/or requirement for the multi-panel reception in Rel. 15/16 such as the group-based beam reporting, in which the TX beams that can be simultaneously received at the UE can be reported. It has already been specified in 38.214 that the UE can report up to two different CRIs or SSBRIs for each report setting in a single reporting instance. This implies that the CSI-RS or SSB resources that can be received simultaneously. Furthermore, the NC-JT discussed during Rel. 16 has already implied the need for the multi-panel reception, though detailed designs were not specified at that time. For instance, for the single-PDCCH based NC-JT, a single PDSCH may have two TCI states corresponding to two distinct QCL-TypeD assumptions and mapped to two different DMRS CDM groups. Hence, using two RX beams simultaneously formed from two panels to receive the PDSCH from the two coordinating TRPs with two spatial QCL assumptions seems to be a natural solution for this case to better exploit the NC-JT gain.  
First of all, enhancements to the group-based beam reporting are needed for the multi-TRP transmission in Rel. 17, which would enable the simultaneous reception of the same channel, e.g., PDSCH, from the two TRPs. In Rel. 15/16, the group-based beam reporting only supports reporting a single pair of TX beams, and the RX panel specific information is unavailable at the gNB side. Reporting a single pair of TX beams may greatly limit the scheduling flexibility for the multi-TRP transmission such that the gNB may not know whether a different pair of TX beams are valid for the multi-panel reception at the UE. Hence, one enhancement to the group-based beam reporting could be allowing reporting of multiple pairs/groups of TX beams in a multi-TRP system with each beam in the beam pair/group corresponding to a different coordinating TRP. Furthermore, the UE may activate only one RX panel, or turn off one of the RX panels due to various reasons such as power saving, MPE mitigation and etc., though multiple RX panels are equipped at the UE side. In addition, a TRP-RX panel correspondence can be established such that the UE uses different panels to correspondingly measure and receive the downlink transmissions from different TRPs. According to the above, such a RX panel-specific operation cannot be transparent to the network, implying that certain RX panel specific information such as its index and/or ID need to be transmitted to the network. In Rel. 15/16, however, the RX panel and/or its index/ID is not well defined because at that time, there is no need for the network to know it (i.e., the RX panel is a transparent entity to the network) for further operation. Hence, reporting the RX panel index/ID along with multiple pairs/groups of CRIs/SSBRIs to the network could be a good starting point for the group-based beam reporting enhancements in Rel. 17. 
Proposal 1: Introduce enhancements to the group-based beam reporting for the simultaneous reception of the same channel, including: 
(1) reporting multiple pairs/groups of TX beams with each beam in the beam pair/group corresponding to a different coordinating TRP, and 
(2) reporting the RX panel index/ID information to the network.  
Secondly, priority/collision rules in handling simultaneous reception of different channels, e.g., PDCCH+PDSCH, from the two TRPs need to be specified. For example, certain fallback configuration/behavior of the UE needs to be specified if, e.g., invalid QCL-TypeD pair is indicated across different overlapping channels.
Proposal 2: Specify priority/collision rules to better support the simultaneous reception of different channels (such as PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS), potentially including necessary fallback configuration/behavior.   
Partial BFR for multi-TRP
     


Figure 2. An illustrative example of partial per-TRP BFR
In the Rel. 15/16 BFR procedure, the UE continuously monitors periodic CSI-RSs/SSBs (a.k.a. beam failure detection (BFD) RSs), with which the DMRS of PDCCH are spatial QCL’ed with, to detect if the BFR triggering condition has been met. Specifically, the BFR is triggered only when all the BFD RSs (could be multiple corresponding to multiple CORESETs) are failed, implying that their corresponding hypothetical PDCCH BLER is below a threshold for a number of consecutive instances. The above described BFR triggering condition, however, may not be suitable for the multi-TRP/panel transmission because beam(s) failure between one coordinating TRP and the UE may not be declared/recovered, which may significantly reduce the multi-TRP transmission efficiency. One conceptual example illustrating the above described issue is presented in Figure 2, on the LHS. It is evident from Figure 2 that though the beam between TRP-2 and the UE is blocked, the Rel. 15/16 BFR may not be triggered as the BFD RS from TRP-1 is still beyond the threshold. Hence, partial BFR or per-TRP BFR needs to be supported and specified in the BM enhancements framework for the multi-TRP transmission. As the name suggests, the partial per-TRP BFR would be triggered if the BFD RSs from one of the coordinating TRPs are failed. Such an early beam failure detection may be beneficial to reduce the overall BFR latency and improve the multi-TRP/panel transmission efficiency. An illustrative example of the partial BFR for the multi-TRP transmission is given on the RHS in Figure 2. It can be seen from Figure 2 that with the partial BFR, the TX-RX beam pair between TRP-2 and the UE can be quickly re-established if the beam failure between them can be declared to the network. 
To better support the partial BFR for the multi-TRP transmission, in addition to the BFD, other BFR procedures such as new candidate beams determination, transmission of the BFR request, and etc. may need to be optimized as well. Note that one basic assumption for the partial BFR in the multi-TRP transmission is that one or more of the BFD RSs of one of the coordinating TRPs are still detectable, i.e., at least one TRP is still connected to the UE. The connected TRP can be used to receive necessary reports from the UE such as the BFR request, new beam(s) identification and etc. to facilitate the overall BFR process. Further, the TRP-specific BFR RS set may need to be defined to better support the partial per-TRP BFR.
Proposal 3: Support partial BFR for the multi-TRP transmission to enable early detection of the beam failure; 
· Including refining the necessary procedures associated with the BFR such as BFD, new candidate beams determination, transmission of the BFR request and the selected beam. 
Conclusion
In this contribution, we provide the following proposals regarding Rel. 17 BM enhancements for multi-TRP: 
Proposal 1: Introduce enhancements to the group-based beam reporting for the simultaneous reception of the same channel, including: 
(1) reporting multiple pairs/groups of TX beams with each beam in the beam pair/group corresponding to a different coordinating TRP, and 
[bookmark: _GoBack](2) reporting the RX panel index/ID information to the network.  
Proposal 2: Specify priority/collision rules to better support the simultaneous reception of different channels (such as PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS), potentially including necessary fallback configuration/behavior.   
Proposal 3: Support partial BFR for the multi-TRP transmission to enable early detection of the beam failure; 
· Including refining the necessary procedures associated with the BFR such as BFD, new candidate beams determination, transmission of the BFR request and the selected beam. 
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