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Introduction
At the RAN1#104-e and #104bis-e meeting, the following agreements related to QCL assumption/TCI state indication for multi-PDSCH scheduling have been made [1] [2].

	Agreement:
Further study the following: 
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL 
· Note: If the current Rel-16 behavior would be extended to multiple-PDSCH scheduling, it could result in a different QCL assumption for each PDSCH due to the fact the that the CORESET with the lowest ID can be different for different slots, resulting in a potentially different TCI state for each slot
· Note: Applicability to multi-TRP can be discussed further

Agreement:
Further study the following:
· For multi-PDSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate TCI state for each scheduled PDSCH
· For multi-PUSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH
· Note: the study should take into account DCI overhead aspects
· Note: Applicability to multi-TRP can be discussed further

Agreement:
For multiple PDSCHs/PUSCHs scheduled by a single DCI, at least for single TRP, support indication of only a single TCI state/SRI in DCI
· FFS: number of TCI states/SRIs in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP




In this contribution, we would like to share our views on beam management for supporting NR operation on frequencies from 52.6 GHz to 71 GHz.
Discussion
1.1 TCI state indication for NR from 52.6 GHz to 71 GHz on multi-PDSCH scheduling
In the WID [3], enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI is supported, and it can reduce the control signaling overhead and PDCCH monitoring overhead. For QCL assumption/TCI state indication of the following two cases in multi-PDSCH scheduling, we think the current Rel-16 behavior can be directly extended applied for each PDSCH. 

· For multi-PDSCH scheduling with a single DCI, when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· For multi-PDSCH scheduling with a single DCI, when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL. 

That is if the scheduled PDSCH(s) have scheduling offset less than timeDurationForQCL, then the CORESET with the lowest ID in the latest slot of each scheduled PDSCH can be used for QCL assumption. And if the scheduled PDSCH(s) have scheduling offset equal to or greater than timeDurationForQCL, then the TCI state indicated in the DCI can be used for these PDSCH(s). Otherwise, new behavior should be introduced for multiple-PDSCH scheduling to determine which QCL assumption /TCI state should be applied for all the scheduled multiple PDSCHs, or which slot considered as the reference latest slot should be defined. Besides, some system performance may be reduced if only one QCL assumption /TCI state is used for all the scheduled multiple PDSCHs as the best beam may change during the multiple PDSCHs transmission duration. Therefore, considering the spec influence and the performance effect, the current Rel-16 behavior can be directly extended to multiple-PDSCH scheduling and multiple QCL assumption can be supported for multiple-PDSCH transmission.
   
Proposal 1: The current Rel-16 behavior can be directly extended to multiple-PDSCH scheduling. And different QCL assumption can be supported for multiple-PDSCH transmission.
1.2 Beam switching gap

From the discussion in section 2.1, we can see different QCL assumption /TCI state may be used for the multiple scheduled PDSCHs as the default TCI states of the PDSCH would be different for different slot or the indicated TCI state in the DCI is not the same as the default beam, thus beam switching would be done during the multiple PDSCH transmission. Otherwise, if scheduled PDSCHs keep the same transmission beam, some restrictions in the spec for multiple-PDSCH scheduling should be made. For example, such  description as UE is not expect the indicated TCI state in the DCI scheduling the multiple-PDSCH is not the same as the default beam or the default beam is not changed for the multiple PDSCH transmission duration should be added in the spec 38.214.

Besides, when slots with CORESET 0 occurs in those PDSCH transmission duration, beam switching would also be inevitable and a gap is needed since the symbol duration for 480 kHz and 960 kHz SCS are shorter than legacy SCS and the beam switching time is high probably longer than the CP duration. Thus the CP length would not be enough for beam switching at least for 960 kHz SCS. And this would make the introduction of a beam switching gap more necessary. 

Therefore, a beam switching gap is required for multiple PDSCH transmission, herein we discuss its specification impact. Although the PDSCH time resource can be allocated by gNB, it is noted that if there is no such gap for beam switching between adjacent 2 continuous PDSCHs or the gap between two PDSCHs is not large enough for doing beam switching, then the PDSCH symbol can be simply punctured or rate matched to reserve enough time for beam switching. Meanwhile, gNB can use the rate matching indication to tell UE some symbols of the PDSCH are interrupted for beam switching. For example, in Figure 1 below, some symbols can be punctured for PDSCH2, or a rate matching indication can be sent to UE to tell it some symbols of the end of PDSCH2 are reserved for beam switching. Furthermore, if directional LBT is needed, then this gap can also be used for doing directional LBT for the subsequent PDSCH transmission.  



Figure 1. Beam switching gap is required for multiple PDSCH transmission

Proposal 2: A gap for beam switching or directional LBT should be introduced for multiple-PDSCH scheduling.

1.3 Beam determination for shared spectrum

On the shared spectrum, LBT may be required in some regions, and if directional LBT is supported before data transmission, then there will be some problem if the current Rel-16 behavior is used directly for each PDSCH. As for the scheduled PDSCHs with scheduling offset less than timeDurationForQCL, according to current Rel-16 behavior the lowest CORESET ID in the latest slot will be used for the QCL assumption(s) of the PDSCH transmission, however, there will be some uncertainty whether this beam can be available. Therefore, some enhancement for the QCL assumption should be considered to ensure the beam of the CORESET with the lowest ID in the latest slot can be available to transmit the scheduled PDSCH. Hence, the QCL assumption/TCI state used for PDSCH transmission should be LBT succeed. For example, as illustrated in Figure 2, in the latest slot for PDSCH1, multiple TCI states can be configured for different CORESETs, then gNB can do directional LBT on the multiple beams of the different CORESET TCI states, TCI state #2, TCI state #3, and TCI state #4,  and if gNB perform LBT success on both TCI state #2 and TCI state #3, then gNB can choose the successful directional LBT TCI states index 2 of the lowest CORESET ID 2 for the QCL assumption to transmission PDSCH. 
Hence, to ensure the beam is available for the scheduled PDSCH transmission, some revision should be done in the spec for shared spectrum, that is UE should apply the QCL assumption(s) of the smallest CORESET index that LBT succeed in the latest slot for each PDSCH when some or all of the scheduled PDSCHs of the multiple PDSCH have scheduling offset less than timeDurationForQCL.



Figure 2. QCL assumption for PDSCH transmission on shared spectrum

Furthermore, to improve the PDSCH transmission probability on the shared spectrum if directional LBT is supported, the (lowest) CORESET can be configured with multiple QCL assumptions (multiple beams), then gNB can do directional LBT on these multiple beams at the same time and transmit PDCCH/DCI on the beams that directional LBT successes, and if more than one directional LBT performed success, then gNB choose the smallest TCI state index to transmit PDCCH/DCI. Meanwhile, the beam transmission for PDSCH that have scheduling offset smaller than the timeDurationForQCL is the same as the lowest CORESET ID in the latest slot that at least one directional LBT performed succeed.
Proposal 3: UE should apply the QCL assumption(s) of the smallest CORESET ID on which directinal LBT succeed in the latest slot for each PDSCH when some or all of the scheduled PDSCHs of the multiple PDSCH have scheduling offset less than timeDurationForQCL for shared spectrum.
[bookmark: _GoBack]Besides, for the shared spectrum, if the beam width or the beam coverage of the lowest CORESET ID/DCI that LBT succeed in the latest monitored slot cover the indicated beam in the DCI scheduling the PDSCH, that is the indicated beam in the DCI is QCLed with the directional LBT beam for the DCI, it can be seen to be within the spatial directions/domain sensed by the LBT beam(s). In this case, no additional directional LBT is needed for the PDSCH having scheduling offset larger than the timeDurationForQCL. For instance in Figure 3, some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL, and the indicate beam #3 in the DCI is in the coverage of the lowest CORESET ID/DCI beam #2, then no additional directional LBT is needed before the transmission of PDSCH3 and PDSCH4.




Figure 3. QCL assumption on shared spectrum for the other case 

Proposal 4: If the indicated beam in the DCI scheduling the PDSCH is QCLed with the directional LBT beam for the DCI, then no additional LBT is needed for the PDSCHs have scheduling offset equal to or greater than timeDurationForQCL in shared spectrum.


Conclusion
In this contribution, we shares our views on PDSCH enhancements on supporting NR from 52.6GHz to 71 GHz, and the following proposals are made: 

Proposal 1: The current Rel-16 behavior can be directly extended to multiple-PDSCH scheduling. And different QCL assumption can be supported for multiple-PDSCH transmission.
Proposal 2: A gap for beam switching or directional LBT should be introduced for multiple-PDSCH scheduling.

Proposal 3: UE should apply the QCL assumption(s) of the smallest CORESET ID that LBT succeed in the latest slot for each PDSCH when some or all of the scheduled PDSCHs of the multiple PDSCH have scheduling offset less than timeDurationForQCL for shared spectrum.
Proposal 4: If the indicated beam in the DCI scheduling the PDSCH is QCLed with the directional LBT beam for the DCI, then no additional LBT is needed for the PDSCHs have scheduling offset equal to or greater than timeDurationForQCL in shared spectrum.
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