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Introduction
[bookmark: _Ref489630082]In this contribution, we present Samsung’s updated views on the various aspects relating to the configuration of TCI states and configuration of their presence/absence in DL-related DCI.
Configuration of TCI States
[bookmark: _Ref498093446]Below proposals summarize our views on RRC configuration of TCI states (refer [2] for details). At a high-level, the UE is RRC configured with a maximum of M = 8 TCI states. Each TCI state is configured with a candidate pool of DL RS index (-es) which could belong to either SSB/PBCH block or CSI-RS. Following the UE’s CSI and L1-RSRP reports, the network can inform the UE which DL RS index (within the candidate DL RS index pool) provides spatial QCL information linked to a given TCI state. Based on analysis in [2], we propose that the number M also equals the maximum number of code-points used for QCL indication (if configured) in the DL DCI.
Proposal 1: The relation between TCI states M and the N bit field in the DL DCI for PDSCH is as follows:
· N is a fixed number set to 3 bits.
· Adopt 
Proposal 2: NR supports the following TCI configuration framework 
· RRC configures a set of up to a maximum of M = 8 TCI states.
· RRC configures each TCI state with a “candidate” pool of DL RS index (-es) (e.g CRIs, SSBI etc.) for purpose of spatial QCL
· No restriction on whether or not the type of RS within a pool can be same or different.
· Maximum candidate pool size is FFS (E.g. 64 indexes)
· Activation/deactivation MAC-CE signaling is used to update TCI state and their configured DL RS index (-es) for purpose of spatial QCL.
· Following configuration of TCI states, a UE does not expect to receive a PDSCH/PDCCH and CSI-RS if their QCL reference is provided by a TCI state that is not linked to any activated DL RS index.
[bookmark: _Ref498519007]UE Behavior prior to Configuration of TCI States
For a UE to be prepared to receive PDSCH and PDCCH via TCI states and to switch from SSB to CSI-RS based beam management, the following events need to happen in the following (chronological) order:
· RRC configuration of TCI states and CORESET-specific QCL configuration
· Reception of activation MAC-CE for purposes of configuring the UE with the DL RS index (-es) providing spatial QCL for the RS set associated to a given TCI state
· Configuration of QCL between SSB and CSI-RS 
· Indication could be through RRC (P CSI-RS) or MAC-CE (SP CSI-RS) or DCI (AP CSI-RS)
Prior to being configured with the above information, the UE needs default assumptions for receiving PDSCH, PDCCH and CSI-RS. In RAN1 #90, it was agreed that “After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise”. Based on this agreement, before the UE is configured with TCI states, the UE may reuse the same receive beamforming weights as that used to receive SSB during initial access, for purposes of decoding PDCCH during its configured monitoring occasions. It appears reasonable to extend the same assumption regarding spatial QCL for the reception of UE-specific PDSCH and CSI-RS.
Proposal 3: Prior to configuration of TCI states, the UE may assume that the DM-RS of UE-specific PDSCH, PDCCH and CSI-RS (if configured) share spatial QCL relation with the SSB/PBCH block determined during its random access procedure. 
Configuration of Presence or Absence of TCI in DCI
In this section, we provide further views of beam indication operation for the case when spatial QCL is configured/indicated. The case of downlink beam management without beam indication is discussed in [2]. Based on the agreed WF [1], for the case when at least spatial QCL is configured/indicated, it is agreed that a UE-specific RRC parameter TCI-PresentInDCI is introduced in order to configure the presence or absence of the TCI field in the DL DCI for PDSCH. It remains to be decided whether the granularity of this RRC parameter is a scalar or whether this is a list of Boolean values (e.g. one value per CORESET). If the UE is configured to assume that the TCI field is absent in the DL DCI for PDSCH, the UE applies either a higher-layer signalling or an indication of QCL parameters (details to be finalized). In this section, we provide Samsung’s views on aforementioned aspectsAgreement [RAN1 #90bis]:
· For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI
· Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured
· Present: Details on Slide 7.
· Proposed candidate solutions should consider
· Below and above 6GHz DL beam related operation with and without beam indication  
· Downlink beam management with and without beam indication (ref Annex)
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref:Annex)

The main motivation for a per-CORESET configuration of TCI-PresentInDCI is that on certain CORESETs, the TCI-PresentInDCI could be configured “Disabled”. We refer to such a CORESET as a fall-back CORESET. We have discussed the Fall-back CORESET concept in our prior contributions (e.g. R1-1717605, R1-1713595 etc.). During the UE-specific PDSCH monitoring occasions on a fall-back CORESETs, the UE attempts to detect its DL DCI (providing DL assignment), assuming that the DCI payload does not contain an N-bit TCI field. This may be useful for following motivations:
1. simplifies beam indication procedures
2. facilitating potential fall-back operation (e.g. PDSCH follows PDCCH beam)
3. improves control channel coverage due to the reduced DCI payload (N-bit TCI field is absent)
On fall-back CORESETs, the UE applies a pre-configured set of QCL parameters for (potential) PDSCH reception on such CORESETS; this mechanism could be used to provide fall-back PDSCH reception via configuring the higher-layer configured QCL parameters to correspond to a relatively stable, wide beam. The fall-back PDSCH reception is useful if the network determines that dynamic TRP/beam switching on CORESETs configured with TCI-PresentInDCI = ‘enabled’ is less reliable due to UE mobility/blockage etc. This is analogous to LTE Format 1A operation used to provide fall-back reception, via robust PDSCH transmission, for UEs configured with Transmission Modes 3 or larger. Whenever an LTE UE configured with a transmission mode >= 3 receives a DCI Format 1A message, the UE assumes a Transmit Diversity transmission scheme for its PDSCH, and a (different) mode-specific transmission scheme (e.g. Closed-loop MIMO for TM-4) upon reception of other DCI formats.
Observation 1: Per-CORESET configuration of the TCI-PresentInDCI parameter provides the hooks to alternate between dynamic TRP/beam-switching on one CORESET (configured with TCI-PresentInDCI = ‘enabled’) and fall-back PDSCH reception via relatively stable pre-configured beams on a second fall-back CORESET. This is analogous to the fall-back operation in LTE via switching between DCI-1A (transmit diversity transmission scheme) and DCI-2x (RRC mode specific transmission scheme).
Proposal 4: Support UE-specific per-CORESET configuration of the TCI-PresentInDCI parameter.
For sake of simplicity, the pre-configured QCL parameters for PDSCH reception on fall-back CORESETs could be provided using a (fixed) TCI state. Thus, to receive a PDSCH scheduled via DL DCI received on a fall-back CORESET, the UE applies the RS Set linked to that TCI state for determining its QCL parameters for receiving PDSCH.
[bookmark: _Ref498103246]Proposal 5: On CORESET (s) configured with TCI-PresentInDCI = ‘disabled’, for receiving its PDSCH, the UE applies the QCL parameters determined through the TCI state indicated via a higher-layer signalled Default-QCL-PDSCH parameter.
Conclusions
In this contribution, Samsung’s views on the configuration of the presence of the TCI field in the DL-related DCI. The following proposals are made:
Proposal 1: The relation between TCI states M and the N bit field in the DL DCI for PDSCH is as follows:
· N is a fixed number set to 3 bits.
· Adopt ; re-visit this if significant performance shortcomings are identified.
Proposal 2: NR supports the following TCI configuration framework 
· RRC configures a set of up to a maximum of M = 8 TCI states.
· RRC configures each TCI state with a “candidate” pool of DL RS index (-es) (e.g CRIs, SSBI etc.) for purpose of spatial QCL
· No restriction on whether or not the type of RS within a pool can be same or different.
· Maximum candidate pool size is FFS (E.g. 64 indexes)
· Activation/deactivation MAC-CE signaling is used to update TCI state and their configured DL RS index (-es) for purpose of spatial QCL.
· Following configuration of TCI states, a UE does not expect to receive a PDSCH/PDCCH and CSI-RS if their QCL reference is provided by a TCI state that is not linked to any activated DL RS index.
Proposal 4: Prior to configuration of TCI states, the UE may assume that the DM-RS of UE-specific PDSCH, PDCCH and CSI-RS (if configured) share spatial QCL relation with the SSB/PBCH block determined during its random access procedure
Proposal 5: Support UE-specific per-CORESET configuration of the TCI-PresentInDCI parameter.
Proposal 6: On CORESET (s) configured with TCI-PresentInDCI = ‘disabled’, for receiving its PDSCH, the UE applies the QCL parameters determined through the TCI state indicated via a higher-layer signalled Default-QCL-PDSCH parameter.
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