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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. New WID for further enhancing NR MIMO [1] includes the objectives of enhancement on multi-beam operations. In this contribution, we present our views on various aspects on NR multi-beam operation enhancement. In particular, we will present our views on unified TCI state and common beam operation, inter-cell mobility, UL beam selection and MPE issues.
2. DCI in CORESET not configured to follow Rel-17 indicated TCI state
In rel17, whether to apply the indicated Rel-17 TCI state to PDCCH and respective PDSCH for a CORESET C or CORESET#0 is configured through RRC. If configured to be not applied, the legacy signaling mechanism is used. Particularly, if configured to be not applied, the respective PDSCH scheduled by DCI format 1_1 or 1_2 in UE-dedicated PDCCH reception shall still follow the dynamic TCI state indication in the DCI. Therefore, the DL DCI with PDSCH assignment in those PDCCH cannot be used to indicate the common Rel-17 TCI state.
Proposal 1: The DCI format 1_1/1_2 with PDSCH assignment in CORESET #0 or CORESET C not provided with followUnifiedTCIstate does not indicate the rel-17 TCI state
· Adopt the following TP for 38.214:
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc91695425]5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information 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 except a DCI that is detected in a CORESET with index 0 or a CORESET associated with both a CSS set other than Type-3 PDCCH CSS set and a USS and/or Type-3 PDCCH CSS set that is not provided with followUnifiedTCIstate, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] 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. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.

<Unchanged parts are omitted>


3. SRS for CB/NCB transmission
The SRS for codebook or non-codebook transmission can optionally follow the indicated Rel-17 TCI state. In other word, the gNB uses RRC signaling to explicitly configure whether the SRS for codebook or non-codebook transmission to follow the indicated Rel-17 TCI state. However, the PUSCH always follows the indicated Rel-17 TCI state. If the SRS for codebook or non-codebook transmission does not follow the indicated Rel-17 TCI state, the specification on PUSCH would break per the specification in 38.214. NR specification in 38.214 requires the PUSCH uses the same antenna ports as the SRS resource indicated by the DCI (copied in table below), which means they have to use the same Tx beam.
	In 38.214:
6.1.1.1	Codebook based UL transmission
…
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.
6.1.1.2	Non-Codebook based UL transmission
…

The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as . 
…



To satisfy the requirement of same antenna ports, the SRS resource for codebook and non-codebook must always be applied the TCI state same to the indicated Rel-17 TCI state. To implement that, one method is to specify that SRS for codebook and non-codebook always follow the indicated Rel-17 TCI states, just as the PUSCH and PUCCH. Another method is to mandate the gNB to always use RRC to configure the SRS resource to follow the Rel-17 TCI state.
[bookmark: _Hlk95311210]Proposal 2: The SRS resource for codebook and non-codebook shall always be configured to follow the indicated Rel-17 TCI state, 
· This is to satisfy meet the requirement of “same antenna ports as the indicated SRS resource” on PUSCH transmission specified in 38.214
· and adopt the following TP for 38.214:
	In 38.214:
[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc36645565][bookmark: _Toc45810610][bookmark: _Toc91695480]6.1.1.1	Codebook based UL transmission
<Unchanged parts are omitted>
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.

If an SRS resource set with parameter usage set to 'codebook' is not configured with followUnifiedTCIstate, the UE shall expect that the configured [TCI-State]s with [tci-StateId_r17] of the SRS resource(s) are always equal to the indicated [TCI-State] with [tci-StateId_r17].

<Unchanged parts are omitted>

[bookmark: _Toc11352141][bookmark: _Toc20318031][bookmark: _Toc27299929][bookmark: _Toc29673202][bookmark: _Toc29673343][bookmark: _Toc29674336][bookmark: _Toc36645566][bookmark: _Toc45810611][bookmark: _Toc91695481]6.1.1.2	Non-Codebook based UL transmission
<Unchanged parts are omitted>


The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as .
If an SRS resource set with parameter usage set to 'nonCodebook' is not configured with followUnifiedTCIstate, the UE shall expect that the configured [TCI-State]s with [tci-StateId_r17] of the SRS resource(s) are equal to the indicated [TCI-State] with [tci-StateId_r17].
 
<Unchanged parts are omitted>




4. BFR in Unified TCI framework
In Rel-17 unified TCI framework, after the BFRQ is received correctly, the UE resets the UL TCI state on PUSCH, PUCCH and SRS accordingly:
	Agreement
On Rel-17 unified TCI framework, after X symbols from the UE receives the BFRR from NW, the UE uses the same UL spatial filter as the one associated with the index q new or the last PRACH transmission for all PUSCH transmissions and all of PUCCH resources in a CC, as well as other signals/channels configured to sharing the same indicated Rel-17 TCI state as PUSCH and all of PUCCH resources.
· The above applies to Rel-15/16 SpCell BFR , Rel-16 CBRA based SpCell BFR, and Rel-16 SCell BFR 
· Note: q new is a candidate beam identified by the UE in set q1. q1 is the set of candidate beams
· FFS : UL PC control including q u , q d , and closed loop index


The UL power control parameters for PUSCH can be set to: P0, alpha and closed loop index are set to the ones in the default PC parameter set for PUSCH when one TCI state is not associated with  PC parameters and PL RS = qnew. The UL power control parameters for PUCCH can be set to P0 and closed loop index are set to the ones in the default PC parameter set for PUCCH and PL RS = qnew. For the SRS resource, the UL PC parameters can be P0 and closed loop index in the default PC parameter set for the case when a TCI state is associated with PC parameter for SRS resource and PL RS = qnew.
[bookmark: _Hlk95257396]Proposal 3: In Rel-17 unified TCI framework, the UL PC parameters for PUSCH/PUCCH/SRS after BFR are:
· For PUSCH: P0, alpha and closed loop index are the ones in the default PC parameter set for PUSCH and qd = qnew.,
· For PUCCH: P0 and closed loop index are the ones in the default PC parameter set for PUCCH and qd = qnew.
· For SRS: P0 and closed loop index are the ones in the default PC parameter set for SRS and qd = qnew.

5. URLLC power control in Unified TCI framework
In Rel-16, each SRI codepoint is associated with the power control settings of (P0, alpha, closed loop index) and PL-RS. For each PUSCH scheduled by a DCI, the UE shall apply the uplink power control parameters that are associated with the indicated SRI codepoint. For URLLC transmission, a separate P0 is configured and the open-loop power control indication field in DCI format indicates which P0 shall be applied on PUSCH transmission. In rel-17, each UL or joint TCI state is associated with a setting of (P0, alpha, closed loop index). To support the same function for URLLC as in Rel-16, we can configure a P0 for URLLC and the DCI format can indicate the UE to apply the P0 configured for URLLC or the P0 associated with the Rel-17 indicated UL TCI on PUSCH transmission.
[bookmark: _Hlk95257404]Proposal 4: To support URLLC power control in Rel-17 Unified TCI framework, DCI format 0_1 or 0_2 can indicate the UE to apply the P0 configured for URLLC or the P0 associated with the indicated Rel-17 TCI state.
6. ACK to Rel-17 TCI State Indication
We have agreed to reuse the TCI field in DCI 1_1/1_2 with PDSCH assignment to indicate unified TCI state(s). And it was decided that the ACK/NACK of corresponding PDSCH is the acknowledge to the TCI indication. In our view, this decision on TCI indication acknowledge has some issue. The NACK of PDSCH cannot be used as the acknowledgement to the DCI carrying beam indication due to following reasons:
· In Type-1 codebook, the UE generates the HARQ codebook according to the the [image: ] occasions for candidate PDSCH receptions, which are determined by the PDSCH-TimeDomainResourceAllocation and dl-DataToUL-ACK configured in RRC. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. So, even when the DCI carrying beam indication at slot n is not received by the UE correctly, the UE still reports NACK in the corresponding HARQ-ACK information bit. 
· In Type-2 codebook, the UE generate the HARQ codebook dynamically based on the DAI value contained in DCI. If a DCI is not detected by the UE, the UE is able to detect the missing of that DCI by checking the value of DAI in detected DCI formats and then the UE reports NACK in the HARQ-ACK information bit corresponding to that missing DCI.
We can observe that the UE still reports NACK bit even when the DCI is not correctly received by the UE. We propose to correct this issue and only use the ACK of the PDSCH as the ACK to the beam indication.
[bookmark: _Hlk61800297][bookmark: _Hlk95257474][bookmark: _Hlk83583257]Proposal 5: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH.
· Adopt the following TP for 38.214
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information having ACK value 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 [TCI-State] with [tci-StateId_r17] 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. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.
<Unchanged parts are omitted>



7. The timing for activated TCI state
One remaining issue of indicating Rel-17 TCI state is which activated TCI states shall be applied when the DCI indicating Rel-17 TCI state and the scheduled PDSCH/PUSCH/PUCCH are transmitted before and after the application time of one MAC CE TCI state activation command. An example is shown in Figure 1 to illustrate the issue.
 [image: ]
Figure 1
As shown in Figure 1, the first MAC CE activation command maps 001 to {DL TCI state -1 and UL TCI state-2} and the second MAC CE activation command maps 001 to DL TCI state -3. A TCI indication DCI is sent before the application time of the second MAC CE command and a PDSCH/PUSCH/PUCCH transmitted after that application time is supposed to follow the TCI state indicated by that DCI. The issue is which activated states the indicated TCI state on the PDSCH/PUSCH/PUCCH should be based on: the activated TCI states in the slot when the DCI is sent or the activated TCI states in the slot when the PDSCH/PUSCH/PUCCH is sent. In separate TCI state case, the indicated TCI state shall be based on the activated TCI states in the slot with TCI state indication DCI. Otherwise, the PDSCH/PUSCH/PUCCH transmission might meet transmission difficulty if the MAC CE command changes the mapping. 
[bookmark: _Hlk95257484]Proposal 6: When separate TCI states are configured, the indicated TCI state on PDSCH/PUSCH/PUCCH should be based on the activated TCI states in the slot with TCI state indication DCI.
· Adopt the following TP for 38.214
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
[bookmark: _Hlk530421126]If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with DLorJoint-TCIState-r17 and UL-TCIState-r17, the indicated TCI state(s) should be based on the activated TCI states in the slot with the TCI state indication DCI. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
<Unchanged parts are omitted>



8. Conclusion
In this contribution, we presented our views on enhancements for multi-beam operation. Based on the discussion, the following proposals are provided:
Proposal 1: The DCI format 1_1/1_2 with PDSCH assignment in CORESET #0 or CORESET C not provided with followUnifiedTCIstate does not indicate the rel-17 TCI state
· Adopt the following TP for 38.214:
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information 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 except a DCI that is detected in a CORESET with index 0 or a CORESET associated with both a CSS set other than Type-3 PDCCH CSS set and a USS and/or Type-3 PDCCH CSS set that is not provided with followUnifiedTCIstate, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] 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. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.

<Unchanged parts are omitted>



Proposal 2: The SRS resource for codebook and non-codebook shall always be configured to follow the indicated Rel-17 TCI state, 
· This is to satisfy meet the requirement of “same antenna ports as the indicated SRS resource” on PUSCH transmission specified in 38.214
· and adopt the following TP for 38.214:
	In 38.214:
6.1.1.1	Codebook based UL transmission
<Unchanged parts are omitted>
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.

If an SRS resource set with parameter usage set to 'codebook' is not configured with followUnifiedTCIstate, the UE shall expect that the configured [TCI-State]s with [tci-StateId_r17] of the SRS resource(s) are always equal to the indicated [TCI-State] with [tci-StateId_r17].

<Unchanged parts are omitted>

6.1.1.2	Non-Codebook based UL transmission
<Unchanged parts are omitted>


The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as .
If an SRS resource set with parameter usage set to 'nonCodebook' is not configured with followUnifiedTCIstate, the UE shall expect that the configured [TCI-State]s with [tci-StateId_r17] of the SRS resource(s) are equal to the indicated [TCI-State] with [tci-StateId_r17].
 
<Unchanged parts are omitted>




Proposal 3: In Rel-17 unified TCI framework, the UL PC parameters for PUSCH/PUCCH/SRS after BFR are:
· For PUSCH: P0, alpha and closed loop index are the ones in the default PC parameter set for PUSCH and qd = qnew.,
· For PUCCH: P0 and closed loop index are the ones in the default PC parameter set for PUCCH and qd = qnew.
· For SRS: P0 and closed loop index are the ones in the default PC parameter set for SRS and qd = qnew.
Proposal 4: To support URLLC power control in Rel-17 Unified TCI framework, DCI format 0_1 or 0_2 can indicate the UE to apply the P0 configured for URLLC or the P0 associated with the indicated Rel-17 TCI state.
Proposal 5: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH.
· Adopt the following TP for 38.214
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information having ACK value 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 [TCI-State] with [tci-StateId_r17] 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. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.
<Unchanged parts are omitted>



Proposal 6: When separate TCI states are configured, the indicated TCI state on PDSCH/PUSCH/PUCCH should be based on the activated TCI states in the slot with TCI state indication DCI.
· Adopt the following TP for 38.214
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with DLorJoint-TCIState-r17 and UL-TCIState-r17, the indicated TCI state(s) should be based on the activated TCI states in the slot with the TCI state indication DCI. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
<Unchanged parts are omitted>
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