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Introduction
In RAN1#107-e[1], RAN1 completed work on the unified TCI framework. In RAN1#108-e [2], RAN1 addressed several maintenance issues related to the unified TCI state framework. There are few remaining essential open issues which we present in this contribution.
[bookmark: _Ref54011617]Issue 1 and Issue 2: Unified TCI Framework and State and Inter-Cell Beam Management
TCI State of CORESET with index 0 after random access procedure
In RAN1#108-e [2], RAN1 made the following agreement related to TCI state indication for CORESET#0.
Agreement
For Rel-17 unified TCI framework, for the Rel-17 TCI state indication of CORESET 0:
· Whether to apply the indicated Rel-17 TCI state associated with the serving cell is configured per CORESET by RRC – if not applied, use the legacy MAC-CE/RACH signalling mechanism 
· Note: The CSI-RS associated with the Rel-17 TCI state applied to CORESET 0 should be QCLed with an SSB associated with serving cell PCI (same as Rel-15)

A remaining open point is how to determine the QCL assumptions for DL channels and spatial relation for UL channels associated with a CORESET with index 0 after a random access procedure not initiated by PDCCH order that triggers a contention-free random access procedure. In Rel-15/16, the quasi-co-location/TCI state of the CORESET with index 0 is described in clause 10.1 of TS 38.213. In Rel-15/16 [TS 38.213]: 

For a CORESET with index 0, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with 
-	the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation command for the CORESET, if any, or
- 	a SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a TCI state for the CORESET is received after the most recent random access procedure.


A similar principle can be used for a CORESET with index 0 when configured to follow the unified TCI state (or not configured to not follow the unified TCI state): the TCI state/quasi-co-location is determined by the indicated (unified) TCI state, or the most recent random access procedure if no unified TCI state has been indicated after the most recent random access procedure.

Proposal 1: When CORESET 0 has been configured by RRC to follow the unified TCI state (or not configured to no follow the unified TCI state), the TCI state/quasi-co-location is determined by the indicated (unified) TCI state, or the most recent random access procedure if no unified TCI state has been indicated after the most recent random access procedure.
We propose the following TP for 38.214 v17.1.0:

5.1.5	Antenna ports quasi co-location
<omitted parts>
If a UE receives a higher layer configuration of a single DLorJoint-TCIState or UL-TCIState, that can be used as an indicated TCI state, the UE determines an UL TX spatial filter, if applicable, from the configured TCI state for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI state.
If a UE is provided followUnifiedTCIstate-r17 for a CORESET with index 0
· After a random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure, if no DCI Format or MAC CE indicating a TCI state is received, the UE assumes that DM-RS of PDCCH and DM-RS of PDSCH associated with the CORESET with index 0 are quasi co-located with the SS/PBCH block the UE identified during the random access procedure, and the UE assumes that the UL TX spatial filter, if applicable, for dynamic-grant based PUSCH and PUCCH associated with the CORESET of index 0 is the same as that for a PUSCH transmission scheduled by a RAR UL grant during the initial access procedure.
· After the UE receives a DCI Format or MAC CE indicating a TCI state, and after a beam application delay as described in this clause; the UE obtains the QCL assumptions from the indicated [DLorJoint-TCIState-r17] TCI state for DM-RS of PDCCH and DM-RS of PDSCH associated with the CORESET with index 0, and the UE determines an UL TX spatial filter, if applicable, from the indicated [DLorJoint-TCIState-r17] or [UL-TCIState-r17] for a dynamic-grant based PUSCH and PUCCH associated with the CORESET with index 0.



Cross-carrier beam indication
NR supports cross carrier scheduling, where a DL related DCI Format (e.g., DCI Format 1_1or DCI Format 1_2) includes a “carrier indicator” field that can indicate the carrier index of a carrier to which the DL assignment applies. When the DCI format also includes a beam indication, the beam indication applies to a carrier based on the “carrier indicator” field.

For DCI Format 1_1 and DCI Format 1_2 used for beam indication and without a DL assignment, a “carrier indicator” field can be configured to be included in the DCI Format. The “carrier indicator” field indicates the carrier index of the carrier to which the beam indication applies as illustrated in Figure 1.



[bookmark: _Ref95654485]Figure 1: Example of cross-carrier beam indication.

Proposal 2: For the Rel-17 unified TCI framework, update 38.214 to describe cross carrier beam indication based on the "carrier indicator field" in DCI Format 1_1 or DCI Format 1_2 based on the following TP.
We propose the following TP for 38.214 v17.1.0:

5.1.5	Antenna ports quasi co-location
<omitted parts>
When tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, the UE with activated DLorJointTCIState or UL-TCIState  receives DCI format 1_1/1_2 providing indicated DLorJointTCIState or UL-TCIState for a CC or all CCs in the same CC list configured by simultaneousTCI-UpdateList1-r17, simultaneousTCI-UpdateList2-r17, simultaneousTCI-UpdateList3-r17, simultaneousTCI-UpdateList4-r17. The DCI format 1_1/1_2 can be with or without, if applicable, DL assignment. If the DCI format 1_1/1_2/ is without DL assignment, the UE can assume the following:
-	CS-RNTI is used to scramble the CRC for the DCI
-	The values of the following DCI fields are set as follows:
-	RV = all '1's
-	MCS = all '1's
-	NDI = 0
-	Set to all '0's for FDRA Type 0, or all '1's for FDRA Type 1, or all '0's for dynamicSwitch (same as in Table 10.2-4 of [6, TS 38.213]). 
If a UE is configured with CrossCarrierSchedulingConfig for a serving cell the value of the DCI field ‘carrier indicator’ corresponds to the value indicated by CrossCarrierSchedulingConfig. The codepoint indicated by the DCI field ‘Transmission Configuration Indicator’ is applied to the carrier indicated by the DCI field ‘carrier indicator’ and all CCs configured in a same CC list as that carrier, and corresponds to indicated TCI state configured and activated for that carrier and all CCs, respectively.


[bookmark: _Ref54233531]Issue 3: Dynamic TCI state update signalling
HARQ-ACK Feedback for beam indication
[bookmark: _GoBack]In RAN1#105-e, the following agreement was made:
Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements


The HARQ-ACK is transmitted after the acknowledgement of the DL transmission that includes the HARQ-ACK. The purpose of this is to ensure that the beams used by the UE and gNB are aligned. The HARQ-ACK can be part of HARQ-ACK codebook. The HARQ-ACK can be one of the following:
· A positive HARQ-ACK if the PDCCH is received and the corresponding PDSCH is successfully decoded.
· A negative HARQ-ACK if the PDCCH is received but the corresponding PDSCH is not successfully decoded.
· A DTX (no HARQ-ACK) if the PDCCH is not received (i.e., missed).

If the PDCCH is received, the “transmission configuration indication” field would have also been received, and hence it seems natural to update the TCI state based on a positive or negative HARQ-ACK feedback.
However, in some scenarios for HARQ-ACK codebook, the gNB can’t distinguish a negative HARQ-ACK feedback from a DTX. In those cases, it would see natural to update the TCI state based on a positive or negative HARQ-ACK feedback. One example, when a gNB can distinguish a negative HARQ-ACK feedback from DTX is when the HARQ-ACK feedback provides feedback for one DL transmission only. In case of DTX, there is no PUCCH transmission, in case of positive or negative HARQ-ACK different signals are transmitted that can be distinguished by the gNB. Therefore, we propose the following:
Proposal 3: For an uplink transmission including HARQ-ACK feedback of a DL transmission with a TCI state code point. 
· If the gNB can distinguish a NACK from a DTX, the TCI state is updated after a beam application time from the end of HARQ-ACK with an ACK or a NACK.
· If the gNB can’t distinguish a NACK from a DTX, the TCI state is updated after a beam application time from the end of HARQ-ACK with an ACK.

We propose the following TP for 38.214 v17.1.0:
5.1.5	Antenna ports quasi co-location
<omitted parts>

When the UE would transmit the last symbol of a PUCCH with positive or negative HARQ-ACK information, when DTX and negative HARQ-ACK are distinct, or positive HARQ-ACK information, when DTX and negative HARQ-ACK are not distinct, corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 


Conclusions
The following proposals have been made regarding the unified TCI framework and inter-cell beam management:
Proposal 1: When CORESET 0 has been configured by RRC to follow the unified TCI state (or not configured to no follow the unified TCI state), the TCI state/quasi-co-location is determined by the indicated (unified) TCI state, or the most recent random access procedure if no unified TCI state has been indicated after the most recent random access procedure.
Proposal 2: For the Rel-17 unified TCI framework, update 38.214 to describe cross carrier beam indication based on the "carrier indicator field" in DCI Format 1_1 or DCI Format 1_2 based on the following TP.
The following proposal has been made regarding dynamic TCI signal update:
Proposal 3: For an uplink transmission including HARQ-ACK feedback of a DL transmission with a TCI state code point. 
· If the gNB can distinguish a NACK from a DTX, the TCI state is updated after a beam application time from the end of HARQ-ACK with an ACK or a NACK.
· If the gNB can’t distinguish a NACK from a DTX, the TCI state is updated after a beam application time from the end of HARQ-ACK with an ACK.
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