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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106b-e, multiple agreements were made on beam management. In this contribution, we will discuss the beam management aspects for 52.6-71GHz spectrum, especially considering the introduction of 480kHz and 960kHz SCS for data channels.
Discussion 
[bookmark: _Ref129681832]Clarification of maxNumberRxTxBeamSwitchDL
It has been suggested in RAN1#104-e that the definition of maxNumberRxTxBeamSwitchDL should be clarified in this WI [1]. In most cases, specifications have clear definitions on when UE would change or is assumed to change its spatial domain filter. However, still some cases could be identified where current assumptions on the change of UE spatial domain filter is unclear. For example, when two adjacent symbols are UL-DL or DL-UL, from beam switching point of view, UE’s spatial domain filter may not actually be changed due to the beam correspondence or the unified TCI applied to both UL and DL signals. In our opinion, as Tx/Rx (or Rx/Tx) conversion causes additional time cost, UL-DL or DL-UL should be counted even without spatial domain filter change.
Proposal 1:  UL-DL or DL-UL w/o spatial domain filter change should be counted as a beam switch in maxNumberRxTxBeamSwitchDL.
Minimum guard period for SRS resource set
In RAN1#106b-e, a minimum guard period for SRS resource set was discussed for 480 kHz and 960 kHz and the following agreement was made:
	Agreement:
Like in Rel-15, a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: Whether to define different values of Y for 480 kHz and 960 kHz or not
· FFS: Values of Y dependent on RAN4 feedback on the switching time requirement



A minimum guard period of Y symbols is when the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to ‘antennaSwitching’. The value of Y is defined by Table 6.2.1.2-1 in TS38.214, in which only 15/30/60/120 kHz SCS are supported. For 480 kHz and 960 kHz, a minimum guard should be supported. However, the value of Y for 480 kHz and 960 kHz should be determined dependent on RAN4 feedback.
Proposal 2:  Wait for RAN4 feedback on the switching time requirement before determining the value of Y for 480 kHz and 960 kHz.
Scheduling restrictions to address beam switching latency
Although the beam switch time at gNB is [59ns] according to the reply from RAN4 [2], up to 200ns beam switch time at the UE side is suggested in ongoing discussions in RAN4 [3]. Even if UE side beam switch time is less than but comparable to the CP length of 73ns (146ns) in 960kHz (480kHz), in a realistic scenario, effects of channel dispersion, synchronization errors, and gNB MIMO TAE may be added to the beam switching time; making the overall latency not be absorbable within the CP of the OFDM symbol. Note also that although the UE receives DL signals/channels during the beam switch time, its beam is uncontrollable before the beam is steady. If any parts of the beam switch interval falls outside of the CP time into the OS, demodulation performance will be negatively impacted. As such, a full symbol gap needs to be considered for 960k Hz and 480 kHz if UE beam switch time is comparable to the CP time. Regardless of RAN4 input on UE maximum beam switch time, it seems reasonable to assume that UEs have different beam switch time capabilities and, hence, depending on their capability, may or may not require a gap symbol when changing beams. As such, we propose the following:
Proposal 3: Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than X =[60] ns for 960 kHz or X=[120] ns for 480 kHz SCS.
In general, gNB may use cell-specific indication to its served UEs to switch beams for receiving cell-specific signal(s)/channel(s). However, the served UEs with different maxNumberRxTxBeamSwitchDL capability may attempt to receive these signals/channels. For example, when a UE supports maxNumberRxTxBeamSwitchDL=2, the number of supported beam switches per slot is not enough for the UE to receive SSB(s), CORESET0 and other potential cell-specific low priority signal(s)/channel(s) in the same slot. To solve the issue, based on the predefined priority levels, a low capability UE can drop the low priority signal(s)/channel(s) in a slot when additional beam switch is required and the number of beam switches has already reached maxNumberRxTxBeamSwitchDL.
Proposal 4: A UE can drop the low priority signal(s)/channel(s) in a slot when additional beam switch is required and the number of beam switches has already reached maxNumberRxTxBeamSwitchDL.
Beam management for Multi-PDSCH/PUSCH scheduling
For the QCL assumption of multi-PDSCH scheduling using a single TRP, we have the following agreement:
	Agreement:
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case



While the QCL assumption of the scheduled PDSCHs when all PDSCHs have offset larger than timeDurationForQCL is clarified in the above agreement (Case 1), there have been contested debates to define the  QCL assumption of scheduled PDSCHs when any PDSCH (at least the earliest PDSCH) has an offset smaller than timeDurationForQCL in Case 2. To address this issue, let us consider the following hypothetical scenario collectively described by 1-5 below: 
1- UE receives a DCI in its buffer in slot 0.
2- This DCI schedules 8 PDSCHs to the UE in slots 5, …, 12.
3- UE is configured to monitored SS in slots 2, 6, 10,….
4- Based on a MAC-CE command, a new set of activated TCI states for PDSCHs applies in slot 4. 
5- UE timeDurationforQCL is 8*28 symbols = 16 slots (assume 960 kHz SCS).   
Let us also review the definition of timeDurationForQCL:
	timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.



Based on our understanding of the above definition, for up to timeDurationForQCL symbols (in our example: 16 slots) after the last symbol of DCI arrives in UE buffer it is undetermined whether or not UE has completed PDCCH reception which requires channel estimation for PDCCH, demodulation, decoding, and DCI content parse. This means that UE may not even know the indicated TDRA entry in the DCI and, hence, slot (K0) and SLIV of any of the scheduled PDSCHs till slot 16. By that time, of course, all 8 PDSCHs in slots 5,…, 12 are already in UE buffer.  Therefore, it is not feasible to define a single QCL assumption to receive the PDSCHs with offset less than timeDurationForQCL based on the TCI state associated with a particular PDSCH (or the slot that includes that PDSCH). Two of these infeasible solutions follow: 
I. The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot monitored by the UE where the latest slot monitored by the UE is determined with respect to the earliest scheduled PDSCH. 
II. The single QCL assumption is based on an activated TCI state in the first slot with the scheduled PDSCH.
Referring back to our example, Solution I proposes to use the TCI state of the monitored search space with the lowest controlResourceSetId in slot 2 (the latest slot with monitored SS relative to the first PDSCH in slot 5) to receive all PDSCHs in slot 5,…, 12. The problem is that when UE receives slots 5,…,12 in its buffer, it still does not know if its first PDSCH is in slot 5, and, hence, the TCI state of the monitored search space with the lowest controlResourceSetId in slot 2 should be used, or, for instance, its first PDSCH is in slot 7, and, hence, the TCI state of the monitored search space with the lowest controlResourceSetId in slot 6 should be used for receiving all PDSCHs in slot 5,…, 12. Solution II above has a similar problem as Solution I: until slot 16, UE may not know the slot of its first scheduled PDSCH. Therefore, UE would not know whether the used TCI state should be from on the active TCI states in slots 0-3 or the set of TCI states that become active as of slot 4. 
A simple and feasible alternative solution is however easily accessible (and is used in Rel-16), if we notice to the fact that UE should use the TCI state provided for the CORESET (in our example, in slots 2, 6, 10,….) for PDCCH receptions in monitored SSs. Therefore, the same TCI state for a particular CORESET (eg, the CORESET with the lowest controlResourceSetId) in each slot can also be used to receive signal in that slot and the later slots until the next monitored SS. In our example, the TCI state for the CORESET with the lowest controlResourceSetId in slot 2 can be used to receive the first PDSCH in slot 5, the TCI state for the CORESET with the lowest controlResourceSetId in slot 6 can be used to receive PDSCHs in slots 6, 7, 8, 9, and the TCI state for the CORESET with the lowest controlResourceSetId in slot 10 can be used to receive PDSCHs in slots 10, 11, and 12.  We propose the following:

Proposal 5: For the single-TRP multi-PDSCH scheduling scenario when any scheduled PDSCH < timeDurationForQCL, multiple QCL assumptions are applied as per Rel-16
· This means that the following Rel-16 rule is applied for any 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 relative to that PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
The next question that needs to be answered is that for the single-TRP multi-PDSCH scheduling scenario when any scheduled PDSCH < timeDurationForQCL, what would be the QCL assumption for the PDSCHs with offset ≥ timeDurationForQCL (if any)? In our view, the optimal solution is to follow Case 1 for those PDSCHs with offset ≥ timeDurationForQCL: For all scheduled PDSCHs with offset ≥ timeDurationForQCL, use the QCL assumption based on the indicated codepoint of the DCI field ‘Transmission Configuration Indication’ if tci-PresentInDCI enabled and the QCL assumption of the scheduling DCI if tci-PresentInDCI not present. However, we are also open to consider other “feasible” solutions. 
Finally, note that some companies argued that multi-QCL assumption (as in Proposal 5) may be too complex and it is better to resort to the use a single QCL assumption by, for example, requiring that “The UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs”. We do not think such a restriction would help as UE has to monitor CORESETs with possibly different QCL assumptions during the timeDurationForQCL period. In some cases, it is possible to configure the lowest CORESET IDs over all the slots with offset smaller than timeDurationForQCL with the same beam. However, when a slot with CORESET 0 occurs in those slots, beam switching would be inevitable as, usually, CORESET 0 is targeted for transmission to multiple UEs with a wider beam while other CORESET IDs are targeted for transmission to one UE with a narrower beam. 
Regarding the “FFS” of the Agreement in RAN1 106-e on multi-PDSCHs scheduled by a single DCI, in the case that some of PDSCHs collide with semi-static UL symbols, the conflicting PDSCH(s) can be cancelled or skipped. In such a case, no additional QCL assumption specification is required for the remaining non-colliding PDSCHs. QCL assumption for the PDSCHs whose offsets are larger than timeDurationForQCL is derived from Case 1 in the Agreement in RAN1 106-e and the QCL assumption for PDSCHs whose offsets are smaller than timeDurationForQCL follows above Proposal 5. 
Proposal 6: For multi-PDSCHs scheduled by a single DCI, when some of PDSCHs collide with semi-static UL symbols and skipped, no additional QCL assumption specification is required for the remaining non-colliding PDSCHs.
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Enhancement of beam management for operation in shared spectrum
The beam management developed in Rel-15/Rel-16 may be viewed as a baseline for the operation above 52.6GHz where using narrower beams would be beneficial to overcome a higher propagation loss. The flowchart of BFR is provided in Figure 1.
[image: ]
Fig. 1 BFR procedure
[bookmark: OLE_LINK124][bookmark: OLE_LINK123][bookmark: OLE_LINK127][bookmark: OLE_LINK126]The BFR procedure can be divided into two steps: The first step is using RSs (i.e., BFD-RS) configured in “RadioLinkMonitoringConfig” for beam failure detection. The second step is using RSs (i.e., BFR-RS) configured in “candidateBeamRSList” for a new beam detection. However, these configured RSs are all periodic SSBs/CSI-RSs in Rel-15/Rel-16. Since beam width in above 52.6GHz is generally narrower, for a given number of BFD-RS, the likeliness of beam failure instance indication from lower layers is generally higher. In addition, the periodic RSs for beam failure detection or beam recovery may not be transmitted successfully due to the possibility of LBT failure at the gNB side in shared spectrum. Moreover, the periodic CSI-RSs can only be transmitted within the Channel Occupancy Time (COT). Due to above reasons, enhancements in BFD procedure may be needed in shared spectrum above 52.6GHz.
Figure 2 Case A uses Rel-15/16 BFD procedure as a baseline and shows a possible scenario in shared spectrum where periodic CSI-RS in transmission occasion #2 (TO#2) is not transmitted due to the LBT failure. This may trigger an unnecessary BFR procedure. In case B, gNB may transmit an additional CSI-RS triggered by PDCCH before the next configured CSI-RS TO (i.e., TO #3) when the LBT fails for the current CSI-RS TO (i.e., TO #2). The benefit of the complementary AP CSI-RS transmission is twofold: First, it replaces an un-transmitted periodic BFD-RS TO. This results in less interruption time in beam monitoring at the UE side and, consequently, a reduced latency in BFD/BFR procedure. Second, the triggering DCI for the AP CSI-RS can also act as an (implicit) indication that the periodic CSI-RS TO is not transmitted. This instructs the UE to adjust the “BFI_COUNTER” if it has been incremented due a beam failure instance indication from lower layers caused by not receiving the periodic CSI-RS TO.
[image: ]
Fig. 2 NR-U CSI-RS transmission scheme
[bookmark: OLE_LINK193][bookmark: OLE_LINK194]Proposal 7: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.
Conclusions
In this paper, we discussed the beam related issues above 52.6GHz with the following proposals.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1:  UL-DL or DL-UL w/o spatial domain filter change should be counted as a beam switch in maxNumberRxTxBeamSwitchDL.
Proposal 2:  Wait for RAN4 feedback on the switching time requirement before determining the value of Y for 480 kHz and 960 kHz.
Proposal 3: Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than X =[60] ns for 960 kHz or X=[120] ns for 480 kHz SCS.
Proposal 4: A UE can drop the low priority signal(s)/channel(s) in a slot when additional beam switch is required and the number of beam switches has already reached maxNumberRxTxBeamSwitchDL.
Proposal 5: For the single-TRP multi-PDSCH scheduling scenario when any scheduled PDSCH < timeDurationForQCL, multiple QCL assumptions are applied as per Rel-16
· This means that the following Rel-16 rule is applied for any 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 relative to that PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Proposal 6: For multi-PDSCHs scheduled by a single DCI, when some of PDSCHs collide with semi-static UL symbols and skipped, no additional QCL assumption specification is required for the remaining non-colliding PDSCHs.
Proposal 7: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.
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