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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.

QCL enhancements for inter-cell multi-TRP
1 
2 
[bookmark: _GoBack]Perhaps the most important enhancement over the Rel. 16 QCL/TCI framework for the inter-cell multi-TRP transmission pertains to the scenario when at least one coordinating TRP is not presented with a valid serving cell ID (SCI). Without a valid SCI, the SSBs from the non-serving-cell TRP cannot be used as the QCL source/reference as they cannot be inferred from the TCI-State/QCL-Info in the current TCI framework. Furthermore, how to efficiently measure/monitor the SSBs from the non-serving-cell TRP and make their information available to the UE may also need to be specified. Reusing the Rel. 16 TCI framework to indicate the SSBs from the serving-cell TRP as the QCL source for the TRS from the non-serving-cell TRP could be problematic because the two TRPs are not geographically co-located – not to mention that they could be loosely synchronized in both time and frequency. In Figure 1, examples of the inter-cell multi-TRP transmission under the non-CA framework are provided assuming two coordinating TRPs (serving-cell TRP-1 and non-serving-cell TRP-2).


Figure 1. Illustrative examples of inter-cell multi-TRP transmission
As illustrated on the LHS in Figure 1, the receive timing difference between the two TRPs could be larger than the CP especially in FR2 with short symbol duration and sharp TX beams. In this case, using the RSs from the serving-cell TRP-1 as the QCL source to determine the corresponding time-frequency related parameters such as those defined in QCL-TypeC to receive the downlink transmissions from the non-serving-cell TRP-2 would cause the RX timing offset larger than CP, resulting in significant inter-symbol interference. Note that, however, some level of time-frequency synchronization between the two coordinating TRPs, e.g., the receive timing difference between them is smaller than the CP, can be achieved via tight coordination between the TRPs. In this case, one or more SSBs from TRP-1 could still be used as the QCL source, e.g., QCL-TypeC, for the downlink transmissions from TRP-2. Tight/dynamic coordination across TRPs, however, would be challenging especially for non-ideal backhaul. The problem of reusing the Rel. 16 TCI framework for the inter-cell multi-TRP may be more significant for QCL-TypeD at FR2 as illustrated on the RHS in Figure 1. It is evident from Figure 1 that the SSBs from TRP-1 could not be used as the spatial QCL source for the TRS from TRP-2 for most of the cases because the two TRPs are typically not geographically co-located.
To alleviate the problems stated above, QCL framework needs to be enhanced to allow using SSBs from non-serving-cell TRP as both time/frequency and spatial QCL sources. Since those SSBs should be monitored/measured at UE side in prior to be utilized as QCL references, the details on monitoring/measurement procedure need to be specified.
Proposal 1: Support the use of SSBs from the serving-cell TRP as the QCL source/reference for the downlink transmissions from the non-serving-cell TRP depending on the QCL type
· The information of the SSBs from the non-serving-cell TRP may need to be available at the UE, and their monitoring/measurement procedure may also need to be specified.


Figure 2. An illustrative example of indicating the PCI in the TCI-State
To enable the use of SSBs from the non-serving-cell TRP as the QCL source, certain TRP-specific identification such as physical cell ID (PCI), TRP ID and etc. may need to be explicitly included in the TCI state along with the corresponding SSB index indication. An additional field may be needed in the QCL-Info for this purpose and/or definition of ServCellIndex in the current QCL-Info may need to be expanded from its current form by referring to the non-serving-cell TRP. One illustrative example of indicating the PCI in the QCL-Info is given in Figure 2. It is evident from Figure 2 that the PCI field could be optional and configured for the non-serving-cell TRP if the RS from the non-serving-cell TRP is used as the QCL source/reference. Some remaining details, however, may need to be specified for the PCI-based explicit indication method such as, whether both the SCI and PCI need to be configured if the SSBs from the serving-cell TRP are indicated as the QCL source. This is because the configuration of the PCI may also imply the inter-cell multi-TRP transmission; there may exist PCI collision problem though it is expected that each TRP has their own unique identity in the QCL information. 
Another alternative to adding the PCI in the TCI framework is to add CSI-RS for mobility as the QCL source for the TRS. This is because the Rel. 15 CSI-RS for mobility has already included the PCI configuration. Introducing the CSI-RS for mobility as the QCL source/reference for the TRS could be two-fold: (1) the SSBs associated with the CSI-RS for mobility are QCL’ed, rather than the CSI-RS for mobility itself, and (2) the CSI-RS for mobility is directly used as the QCL source for the TRS. The details of using CSI-RS for mobility as a QCL reference, such as applicable QCL type and possible target RSs, can be further investigated.
Proposal 2: Investigate at least the following alternatives for enabling the use of SSBs from the non-serving-cell TRP as the QCL source: 
· Including the TRP-specific information such as the PCI in the QCL information 
· Adding CSI-RS for mobility as the QCL source for the TRS from the non-serving-cell TRP
Inter-cell multi-TRP enhancements need to consider uplink aspects as well. Since the cooperating TRPs are typically not geographically co-located, UL transmissions to those TRPs experience different transmission delays. If UL transmission timing is aligned with respect to one TRP only via Rel. 16 based TA command, UL transmission to the other TRP may cause timing offset between UL and DL frames which results in ISI between UL and DL signals.
In Rel. 16, we have multiple TAGs (timing advance groups) to align UL timing in a CA scenario where different TA offsets can be assigned in different CCs. In inter-cell multi-TRP scenario, the aforementioned UL timing problem can be alleviated by applying similar approach as in CA scenario, by applying different TA offsets for different TRPs.
Proposal 3: Support TRP-specific TA offset value in UL transmission for inter-cell multi-TRP
Conclusion
In this contribution, we provide the following proposals regarding Rel. 17 QCL enhancements for inter-cell multi-TRP: 
Proposal 1: Support the use of SSBs from the serving-cell TRP as the QCL source/reference for the downlink transmissions from the non-serving-cell TRP depending on the QCL type
· The information of the SSBs from the non-serving-cell TRP may need to be available at the UE, and their monitoring/measurement procedure may also need to be specified.
Proposal 2: Investigate at least the following alternatives for enabling the use of SSBs from the non-serving-cell TRP as the QCL source: 
· Including the TRP-specific information such as the PCI in the QCL information 
· Adding CSI-RS for mobility as the QCL source for the TRS from the non-serving-cell TRP
Proposal 3: Support TRP-specific TA offset value in UL transmission for inter-cell multi-TRP
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