3GPP TSG-RAN WG2 Meeting #114-e	R2-2105027
Electronic meeting, May 19 – May 27, 2021						 
Agenda item: 	8.17
Source:		Intel Corporation
Title:	Enhanced MAC CE for PDCCH in multi-TRP deployment
Document for:	Discussion and Decision
Introduction
RAN1 sent an LS to inform RAN1 agreement on PDCCH enhancement. In this LS, RAN1 ageed to introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission.
	Agreement
· Introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission
· The corresponding MAC CE includes at least the following fields 
· Serving cell ID
· CORESET ID
· Two TCI state IDs
· FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE
· FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex




In this contribution, we summarize background of RAN1 LS and the required enhancement of MAC CE. 
[bookmark: pro3]Background of RAN1 LS
According to FeMIMO WID [2], there are multiple objectives under enhancements on multi-TRP deployment. 
1. 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

As RAN1 mentioned in the LS, RAN1 agreement on the MAC CE is related to objective (a) - URLLC and (d) – HST-SFN deployment. In both URLLC and HST-SFN use case, RAN1 agree to apply the same SFN transmission for PDCCH where UE is provided with two TCI states to derive QCL properties from two TRPs.
URLLC
RAN1 agreed to two options for PDCCH reliability enhancement including two PDCCH transmission approaches with repetition from different TRPs and SFN-ed PDCCH transmission from different TRPs.
	Agreement (RAN1#103e)
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR
Agreement (RAN1#102e)
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 



Since SFN transmission for reliability enhancement is the same as SFN transmission of PDCCH in HST-SFN scenario, RAN1 discussed further details of this scheme under one (HST-SFN) agenda item, but without precluding generic scenario of reliability improvement for PDCCH.
HST-SFN
In RAN#85 meeting the RAN4 work item on enhanced demodulation requirements for NR in high-speed train scenario was approved [3]. The considered high speed train scenario in RAN4 includes transmission from multiple remote radio heads (RRHs) to the UE located in fast moving train (see Figure 1). Those RRHs are connected to the central processing unit (CPU) using close-to-ideal backhaul link and the deployment as such corresponds to multi-TRP scenario. 


[bookmark: _Ref30505114]Figure 1 Illustration of HST deployment scenario
In RAN1 #104e, the scheme 1 was agreed where TRS is transmitted in TRP-specific manner (non-SFN manner) and DM-RS/PDCCH/PDSCH from TRPs are transmitted in SFN manner. The same PDSCH signal from multiple RRHs are transmitted (i.e. SFN transmission). In addition, RAN1 agree that two TCI state are supported for HST scenario. In Rel-16, multi-TRP already supports indicating two TCI states for PDSCH, while only one TCI can be indicated for PDCCH.  
Enhanced MAC CE
In Rel-16, TCI state indication for UE-specific PDCCH MAC CE is defined as follows.


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE
This Rel-16 MAC CE includes only one TCI state ID. Therefore, in order to support two TCI states, the new MAC CE should be introduced to include two TCI states. The possible MAC CE is shown below. 
[image: ]
Figure 1: enhanced TCI State Indication for UE-specific PDCCH MAC CE
It is noted that RAN1 is still discussing whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE and whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex. 
However, we understand that these remaining issues will not affect MAC CE format but require RRC signaling configuration e.g. how the set of the serving cells can be associated to the same TCI state ID or the enhanced MAC CE is used for multi-DCI multi-TRP operation. Therefore, RAN2 can agree the need of the enhanced MAC CE. 
Proposal: RAN2 agree to introduce enhanced MAC CE to support PDCCH activating two TCI states. 
Conclusion
 In this contribution, we summarized background of RAN1 LS and the required enhancement of MAC CE.
Proposal: RAN2 agree to introduce enhanced MAC CE to support PDCCH activating two TCI states. 
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