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1	Introduction
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[bookmark: _Hlk60922797]In RAN#93-e [1], a revised WI has been approved with the following objectives related to beam-management and multi-scheduling:

· Physical layer aspects including [RAN1]:
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided

Furthermore, agreements related to beam-management made in RAN1#106bis-e [2] are listed in section 5 (Appendix)

In this contribution, we provide our views on remaining issues for beam management for NR operation between 52.6 GHz to 71 GHz.

2	Discussion 
[bookmark: _Hlk48722864] 
1 
2 
Beam update for consecutive CG and DG PUSCH transmissions

One more issue that can happen is when a UE may need to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, and the CG-PUSCH transmissions and dynamically scheduled PUSCH transmissions may be indicated to use different UL Tx beams. For example, as shown in Figure 2, a UE is scheduled to transmit a PUSCH transmission by an UL grant following a CG-PUSCH transmission. In this case, beam 0 is indicated to the UE by higher layer signaling for CG-PUSCH transmission and then, beam 1 is indicated to the UE by UL grant for dynamically scheduled PUSCH transmission. There may not be sufficient gap for switching UL Tx beam from beam 0 to beam 1, especially when higher SCS values such as 480kHz and 960kHz are considered. Therefore, before transmitting the set of consecutive PUSCH transmissions, it’s better for the UE to determine one common UL Tx beam to transmit all the consecutive UL CG and DG transmissions. In this example, the UE can use the beam 1 to transmit the two PUSCH transmissions because the beam 1 is indicated later and may be more suitable for the current channel condition. Above all, we propose that the UE can use the latest indicated UL Tx beam to transmit a set of consecutive UL transmissions including dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions.

Proposal 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, if a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL CG and DG transmissions

[image: ]
Figure 2: Example of beam update for continuous CG and DG PUSCH transmissions

 
Rel-17 TCI framework considerations

DCI based unified TCI framework has been agreed to be supported in Rel-17 MIMO, where a common TCI state shall be indicated by DCI format 1_1/1_2 for all PDCCH and PDSCH reception in the active BWP of the serving cell. It means that the TCI state indicated by one DCI format 1_1/1_2 shall not be directly applied to the scheduled PDSCH. 
 
Figure 3 illustrates an example for the common TCI state change. The UE receives DCI#0 using the current TCI state, while the DCI indicates a new TCI state different from the current TCI state and the ACK for DCI#0 is reported by a PUCCH transmitted in slot n+2. According to the agreement, the new indicated TCI state shall be applied from the first slot that is at least Y symbols after the last symbol of the PUCCH carrying the ACK for the DCI indicating the new TCI state. In the given example, the new indicated TCI state shall be applied for all PDCCH and PDSCH from slot n+6. 



[bookmark: _Ref78790757]Figure 3: Example of common TCI state application (Rel-17 TCI framework)
For multi-PDSCH scheduling by single DCI, it has been agreed in RAN#104bis to support the indication of only single TCI state via DCI for single TRP scenario. It means that single TCI state is indicated for all the scheduled PDSCH for single TRP scenario. Based on this agreement and the support of common TCI indication according to Rel-17 TCI framework, it should be straightforward to support Rel-17 common TCI state indication with multi-PDSCH scheduling.

Proposal 2: For NR operation between 52.6 GHz and 71 GHz, Rel-17 common TCI state indication should be supported for multi-PDSCH scheduling

In unified TCI state framework, the indicated common TCI state shall be applied from the first slot that is at least Y symbols after the last symbol of the PUCCH carrying the ACK for the DCI indicating the new TCI state. An illustration with this constraint of beam application timing and multi-PDSCH scheduling is illustrated in Figure 4.




[bookmark: _Ref78806650]Figure 4: Example of common TCI state application for multi-PDSCH scheduling

Different from the scheduling case provided in Figure 4, PDSCH#1, PDSCH#2, PDSCH#3 and PDSCH#4 are scheduled by a same DCI in 4 continuous slots. The new common TCI state indicated by DCI#0 shall be applied to PDSCH#3 and PDSCH#4 if we go with the first agreement. It requires the UE has the capability to switch it RX beam within the CP of the 1st symbol of slot n+6, it may be challengeable for the UE with 960kHz SCS with normal CP, which corresponds to an 81.25ns CP length. It is noted that the worst-case beam switching time is estimated as < 100ns as described in TR38.817. If the required RX beam switching time is larger than the CP length, the new indicated common TCI state cannot be applied to PDSCH#3 and PDSCH#4 although they are received after the application time of the new indicated TCI state.

Observation 1: For NR operation between 52.6 GHz and 71 GHz, the new indicated common TCI state may not be applicable for the scheduled PDSCHs even the PDSCHs are received after the application time when the UE cannot switch it RX beams to the new indicated common TCI state between two continuous PDSCH transmissions 
 
Based on this observation, we have the following proposal:

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, how to determine the applied TCI state for the multiple PDSCH in continuous slots when the indicated common TCI state is changed but the UE cannot switch it RX beam within the CP should be further discussed

Another issue is how to determine the acknowledgment for the DCI indicating the common TCI state indication with multi-PDSCH scheduling. When the DCI indicating a new common TCI state and also scheduling a PDSCH, it has been agreed that the ACK/NACK of the scheduled PDSCH is used as the ACK for the DCI.

If multiple PDSCHs are scheduled by the DCI indicating a new TCI state, and different TB(s) are carried by different PDSCHs, the ACK/NACK of any one scheduled PDSCH can be used as the ACK for the DCI. 

Proposal 4: For NR operation between 52.6 GHz and 71 GHz, when multiple PDSCHs with different TBs are scheduled by the DCI indicating a common TCI state, the ACK/NACK of any one scheduled PDSCH can be used as the ACK for the DCI


3	Conclusion 

Here we summarize the observations and proposals from the above sections:

Observation 1: For NR operation between 52.6 GHz and 71 GHz, the new indicated common TCI state may not be applicable for the scheduled PDSCHs even the PDSCHs are received after the application time when the UE cannot switch it RX beams to the new indicated common TCI state between two continuous PDSCH transmissions 


Proposal 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, if a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL CG and DG transmissions

Proposal 2: For NR operation between 52.6 GHz and 71 GHz, Rel-17 common TCI state indication should be supported for multi-PDSCH scheduling

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, how to determine the applied TCI state for the multiple PDSCH in continuous slots when the indicated common TCI state is changed but the UE cannot switch it RX beam within the CP should be further discussed

Proposal 4: For NR operation between 52.6 GHz and 71 GHz, when multiple PDSCHs with different TBs are scheduled by the DCI indicating a common TCI state, the ACK/NACK of any one scheduled PDSCH can be used as the ACK for the DCI


4	References
[1]	3GPP RP-212637, “Revised WID:  Extending current NR operation to 71 GHz”, Qualcomm, Intel
[bookmark: _Hlk60935528][2] 	3GPP RAN1#107-e, “Chairman Notes”
 
5	Appendix
Other agreements from RAN1#107-e [2]:
Agreement
For Case 2 for single TRP and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each PDSCH < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL:
· Note: there might be no need for specification impact from this agreement
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Agreement
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-    the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.
 
Agreement
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.
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