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1. Introduction
In RAN1 #104e meeting, some issues related to timing associated with beam based operation for NR in 52.6G~71GHz were discussed. It also identified several timing parameters to be further studied, e.g. the duration of default beam also including the triggering A-CSI-RS across carrier, the maximum number of beam switching per slot and the beam switching gap which is limited to 100ns only for gNB in Rel16.
The following agreements were achieved:
	Agreement:
· For NR operation in 52.6-71GHz with new SCSs, new parameter values for at least the following timing parameters are needed:
· timeDurationForQCL
· beamSwitchTiming
· beamReportTiming
· Companies are encouraged to provide preferred values on timeDurationForQCL, beamSwitchTiming and beamReportTiming

Agreement:
· Further study new parameter values for at least the following parameters:
· maxNumberRxTxBeamSwitchDL
· Additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS
· Study whether/how to introduce a beam switching gap between signals/channels 
· FFS: condition to apply including potential UE capability definition
· Study should account for inputs from RAN4


Besides the discussion on timing issues, another issue related to multiple beams for multiple PDSCHs in 52.6G~71GHz was also discussed and agreed to be studied whether it is supported in the new frequency band. 
	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



In this contribution, we mainly present our views toward the agreements in above.
2. [bookmark: _Ref498564494]Discussion on timing and beam switching gap
1. 
2. 
[bookmark: _Ref521492551]processing timing related to numerology 
[bookmark: _Ref53685084][bookmark: PP12][bookmark: PP1]Three parameters related to beam management in agreement identified to retune their values have been existed since Rel15 and the values for numerology 60kHz and 120kHz can be seen in table1. 
timeDurationForQCL defines the minimum number of OFDM symbols required by the UE to perform PDCCH reception and to apply spatial QCL information received in DCI for PDSCH processing. 
beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. Furthermore, in Rel16, it indicates the minimum number of required OFDM symbols (sym224, sym336) between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition 'ON' that means the larger values (sym224, sym336) are clarified to be applied for P3 beam management across multi-panels of UE.
beamReportTiming indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). 
                                                           Table1: processing timing based on UE capability
	numerology
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]timeDurationForQCL
		beamSwitchTiming
		beamReportTiming

	60kHz
	sym7,  sym14, sym28
	sym14, sym28, sym48, 
sym224, sym336
	sym8, sym14, sym28

	120kHz
	sym14, sym28
	sym14, sym28, sym48, 
sym224, sym336
	sym14, sym28, sym56


Based on the values in table1, there is not an obvious scale relationship between 120 and 60 kHz SCS. That is, the values for SCS 120kHz do not always double the values for SCS 60kHz. The reason we guess is that the discussion on these timing may also depend on the engineering experience related to processing time of chip. 
Since the determination for these values are subject to UE implementation and different chipset vendors have different demand and handling capability, a common understanding about these UE capability may not be on the same page which increases the difficulty of standardization. In order to retune these values for new numerology, these are two potential schemes that can be taken into account.
· Option1: scaling reference values with a selected factor.
· Option2: adjusting some coefficients in a formula to fit the real timing.
Regarding Option1, the selected factor can be the ratio of new numerology to reference numerology, e.g. 4 for 480kHz and 8 for 960kHz if taking 120kHz as reference. The pros of option1 is the chipset capability for FR2 can be reused without any large effort to optimize, which accelerates the industrial application for 60GHz frequency and achieves market value as early as possible. Meanwhile, there is no new parameters of UE capability introduced to reduce signaling overhead. The cons of option1 is the latency performance does not improve comparing with FR2 which hampers some use cases requiring much lower latency in 60GHz. In order to mitigate the disadvantage, one or two additional small values can be defined to apply for the special use cases, of course, which use cases should be considered require further discussion. 
Regarding Option2, the processing time of hardware may grow exponentially with the increasing numerology, for instance, these values for PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3) in Rel15 is determined by adjusting the coefficients and fitting in an exponential formula, which is also suggested retuning N1, N2, N3 for 60GHz [4]. Option2 can be studied as another start point to fit processing timing related to beam.
Proposal 1: To determine the processing timing of new numerology, it is preferred to introduce a factor to scale reference values of 120kHz. 
Because the starting reference symbol of default beam for PDSCH or AP-CSI-RS is from the end symbol of PDCCH candidate, UE would buffer a great number of I/Q data during the duration of default beam. For example, when the system of configuration is configured with 960kHz SCS, UE would buffer 8 times of data comparing to UE in case of 120kHz SCS assuming the same absolute time. Considering UE implementation, there might be a potential concern on the buffer capability, which should be taken into account. 
Proposal 2: the issue about UE buffer capability should be considered together with timing determination. 
beam switching number and beam switching gap 
maxNumberRxTxBeamSwitchDL, defines the number of Tx and Rx beam changes UE can perform on this band within a slot. The value size of maxNumberRxTxBeamSwitchDL determines the beam switching speed especially in P2 beam management.  maxNumberRxTxBeamSwitchDL is also related to the parameter of beam switching gap. We suggest value 0 should be supported in order to reduce the complexity of UE, considering the movement of UE in some special use cases under 60GHz may change slowly and the scheduling pattern is simple for gNB.
Regarding beam switching gap, the limit of 100 ns is only for gNB and UE may need more gap. The CP of 960kHz is about 72ns which is not enough for total analog beam switching gap of gNB and UE. We think UE should report the capability of beam switching gap to provide reference to gNB. With regard to the PDSCH scheduling and trigging A-CSI-RS, or performing P2 beam management, we think gNB can make gap in blank OFDM symbols by implementation or avoid some scheduling e.g. CSI-RS resources is not embedded in the time and frequency resource of PDSCH. When repetition ‘ON’ is configured for CSI-RS resource for P3 procedure and two consecutive OFDM symbols with same transmission beam are used for UE beam sweeping, in such a case, if the UE cannot switch the receive beam between these two symbols, the P3 procedure cannot work. 

                                                             
Figure 1: P3 procedure BM in case of repetition ‘on’ in CSI-RS
Proposal 3: Supporting the UE capability reporting of beam switching gap and further study P3 beam management.
3. Discussion on beam of M-PDSCH scheduling
3. 
4. 
In Rel16, if PDSCH transmission cross multi-slots, whether the PDSCH carries out default beam behavior depends on whether the first OFDM symbol of the first PDSCH occasion is within timeDurationForQCL. Taking single DCI based PDSCH with inter-slot repetition as example, once the first symbol of PDSCH is located during timeDurationForQCL, even though the indicated TCI states have been acquired by decoding DCI during PDSCH transmission, the indicated TCI states should be replaced by the TCI states corresponding to the lowest code point among the TCI code points containing two different TCI states.  
In fact, different QCL assumption that UE should apply for each PDSCH occasion has been discussed in Rel16 for the case when some of the scheduled PDSCH repetitions have scheduling offset less than timeDurationForQCL while some other repetitions have scheduling offset equal to or greater than timeDurationForQCL. However, this scheme was not supported in Rel16 since most companies think it can bring extra effect for implementation. 
For the scenario of 60GHz frequency, a similar discussion and proposal is revisited in case of multiple PDSCH scheduling with single DCI. If different QCLs are applied for corresponding multiple PDSCHs and the same MCS indicated by DCI field is shared by these PDSCHs, the statistical performance of respective PDSCH can be changed since different beam pairs are applied.  In real implementation, the algorithm of outer loop link adaptation (OLLA) based on the feedback of HARQ-ACK to predict suitable MCS for wireless channels is typically applied to keep stable BLER (e.g. 10%) of transmission of TB. We think inconsonant statistical performance of respective PDSCH would affect the performance of OLLA and bring extra complexity for implementation.
[bookmark: _GoBack]In Rel17, the MIMO WI is discussing common beam to reduce the frequency signaling of beam indicator where PDCCH and PDSCH can use the same beam pair or the same 	QCL assumption. If the feature of common beam is introduced for multi-PDSCH scheduling, all of the PDSCHs can use the same QCL assumption no matter which is located inside or outside of timeDurationForQCL.
Proposal 4: do not support different QCL application for multiple PDSCH scheduled by a single DCI.
In last meeting, for multi-PDSCH scheduled by a single DCI, the issue about whether or not to indicate a separate TCI state for each scheduled PDSCH was raised. In case of single TRP, we do not think the beam pair will change during the multi-PDSCH transmission. All of them should use the same QCL assumption. Even though a corner case happens that the beam pair is not suitable due to movement in UE-side, gNB cannot foresee the matched beam pair and inform new TCI state by preceding DCI. In case of multiple TRP, different TCI state indicator for multi-PDSCH with different HARQ ID has been supported by introducing the parameter of CORESET pool index which is scheduled by multi-DCI. In order to realize more PDSCHs scheduling with lower DCI overhead and different TCI states for different PDSCHs, single DCI based M-PDSCH with CORESET pool index 0 and single DCI based M-PDSCH with CORESET pool index 1 can be configured together to achieve the goal.
Proposal 5: do not support separate TCI state indicator for multiple PDSCH scheduled by a single DCI.
4. Conclusion
In this contribution, we discuss the issues related to beam and multi-PDSCH scheduling, and have the following proposals:
Proposal 1: To determine the processing timing of new numerology, it is preferred to introduce a factor to scale reference values of 120kHz. 
Proposal 2: the issue about UE buffer capability should be considered together with timing determination. 
Proposal 3: Supporting the UE capability reporting of beam switching gap and further study P3 beam management.
Proposal 4: do not support different QCL application for multiple PDSCH scheduled by a single DCI.
Proposal 5: do not support separate TCI state indicator for multiple PDSCH scheduled by a single DCI.
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