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1 Introduction
This contribution discusses detailed design for the above aspects for NR from 52.6 GHz to 71 GHz, and more precisely, the following topics related to beam management are included: 
· Beam-related timing parameters for new SCSs
· Beam switching gap for new SCSs
· Beam indication in multi-PDSCH scheduled by a single DCI for single-TRPs
· Beam management enhancement due to LBT

2 Beam-related timing parameters

The following agreements for beam-related timing were reached [1]. 
	In Ran1#106b-e
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
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Minimum guard period Y between two SRS resources of an SRS resource set for antenna switching

In Ran1#106b, there was a discussion whether to introduce minimum guard period between SRS resources for antenna switching for new SCSs, and agreed to decide whether to decide different values of Y for 480/960 kHz SCSs and define Y based on Ran4’s guidance in Ran1#107. The minimum guard period between SRS resources for antenna switching configures RF returning time between antenna pairs within a slot. Note that if we follow the same absolute time scaling principle as applied in other beam related UE capability parameter e.g. beamSwitchTiming, the value Y should be 8 symbols, then there is no room for SRS resources within a single slot as it can maximally be six symbols. Therefore absolute time of minimum guard period Y cannot be maintained, and it can be tighter value which is relevant to RF requirements. Based on the above discussion, our view is that minimum guard period Y between SRS resources for antenna switching for new SCSs should be defined based on Ran4 feedback.


Table 1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	TBD

	6
	960
	TBD





Proposal 1: Support values of Y dependent on RAN4 feedback on the switching time requirement




Beam switching gap for new SCSs
It has been agreed that for NR 52.6 GHz to 71 GHz, in addition to 120 kHz SCS, 480 kHz and 960 kHz SCSs are supported for data/control channels and reference signals. Note that 480 kHz and 960 kHz SCSs are newly supported for NR, such that the timing aspects should be further investigated for the new SCSs, and beam switching gap is one important component for such timing aspects, which may further impact other PHY designs. 
In Rel-15 and Rel-16, the maximum SCS supported for data/control channel and reference signals is 120 kHz, and the maximum SCS supported for SS/PBCH block is 240 kHz. For both cases, the beam switching gap can be implemented within a CP length of an OFDM symbol (e.g. the minimum CP length is 0.29 us for 240 kHz as shown in Table 1). However, for NR 52.6 to 71 GHz, the CP length for 480 kHz and 960 kHz are much smaller (as shown in Table 1), and it’s quite challenging to implement a beam switch within the CP length, especially for 960 kHz SCS. Although Ran4 (R4-2107985) tentatively agrees BS beam switch time as 59ns which is within a CP length of an OFDM symbol, UE beam switch time has not been determined yet. In our view, if Ran4 decides beam switching gap is required, one symbol should be reserved to switch transmission beams, including data beam. 
[bookmark: _Ref40171336]Table 2 Symbol duration and CP length for subcarrier spacings with normal CP.
	SCS (kHz)
	60
	120
	240
	480
	960

	Symbol duration (us)
	16.67
	8.33
	4.17
	2.08
	1.04

	CP length (us)
	1.17
	0.59
	0.29
	0.15
	0.07



Proposal 2: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.

In Ran1#106b, UE capability signaling for beam switching time for DL/UL signals/channels with different QCL type-D source RSs was discussed. Companies agreed the necessity of UE capability signaling, but had different views regarding following cases:
A. Beam switching time between DL signals/channels with different QCL Type-D source RSs
B. Beam switching time between DL signals/channels with same QCL Type-D source RSs (e.g. CSI-RS repetition)
C. A fixed beam switching time between adjacent SSBs should be specified
D. Beam switching time between UL signals/channels with different spatial relation RSs
Among 4 cases, we see at least case A, B and D are valid for UE capability signaling. However, in our view, Case C has already been addressed by defining a new symbol pattern of SSB for 480/960 kHz SCSs. The new symbol pattern of SSB has 3-symbol gap between SSB blocks to reserve a guard symbol for LBT or beam switching time. Therefore, we don’t see another modification is needed for SSB.

Proposal 3: Support UE capability signalling for beam switching time except for SSB, which has already been addressed in A.I. 8.2.1



3 Beam indication in multi-PDSCH scheduled by a single DCI

The following agreements for beam indication in multi-PDSCH/PUSCH scheduling were reached [1]. 

	In RAN1#106

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

In Ran1#106b
Updated Proposal 5j (based on the comment from Ericsson in GTW session)
For Case 2 and PDSCH scheduling offset for 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 PDSCHs < 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 of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
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For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL for single TRP

TS 38.214 clause 5.1.5 describes that the QCL assumption of scheduled PDSCH depends on scheduling offset and timeDurationForQCL for single-slot PDSCH. We think expanding the QCL assumption of single-slot PDSCH to multi-slot PDSCH is ‘natural way’, which refers to reuse Rel-16 rules as much as possible (Alt2 of Case 2). For example TCI states or QCL assumptions of each PDSCH in multi-PDSCH are indicated using Rel-16 TCI state indication rule per PDSCH based on its scheduling offset included in TDRA. The followings are advantages of multiple QCL assumptions for multi-PDSCH scheduled by single-DCI:
1. Scheduling flexibility
2. Better SNR by using optimized TCI
3. Less spec impact
[bookmark: _GoBack]In our view, if multi-PDSCH scheduled at non-continuous slots is taken into account, applying single QCL assumption restricts scheduling flexibility. For example, if single-beam operation is applied and gNB wants to indicate TCI to UE, multi-PDSCH should be allocated after timeDurationForQCL which has at least 4 slots (480 kHz SCS) or 8 slots (960 kHz SCS) according to result of RAN1 #104b meeting. On the other hand, if multi QCL assumptions based on timeDurationForQCL is applied, some PDSCHs can have scheduling offset less than timeDurationForQCL to have reduced latency and the other PDSCHs can have scheduling offset equal or greater than timeDurationForQCL to have better SNR by using optimized TCI. Furthermore, multiple QCL assumption has less spec impact than single QCL assumption, since scheduling restriction, monitoring CORESET restriction or other specification efforts should be considered to support single QCL assumption. 
Based on above discussion, we would like to have following proposal updated from Proposal 5j discussed in Ran1#106b:

For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· Multiple QCL assumptions are applied as per Rel-16 (Alt-2 of Case 2)
· This means that the following Rel-16 rule is applied
· PDSCH scheduling offset for all PDSCHs < 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 of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

· PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
· Follow TCI/QCL assumption indication rule in Case 1


Note that UE capability signaling for beam switching time is discussed. If the multi QCL assumptions are applied to multi-PDSCH scheduled by single-DCI when beam switching gap is necessary at least one symbol, we think there can be a natural way of the QCL assumptions as illustrated in Figure 2. The principle of QCL assumption in Figure 2 is to change QCL assumptions when there are enough symbols or slots that can consume beam switching gap, otherwise keep default QCL. Examples are illustrated in Figure 2. If multi QCL assumptions are applied, the QCL assumption can be changed between PDSCH#2 and PDSCH#3. In case of the top of Figure 2, since there are no reserved symbols or slots for beam switching, the QCL assumption is not changed. In case of the middle of Figure 2, there are symbols or slots between PDSCH#3 and PDSCH#4 which is enough for beam switching, then TCI in scheduling DCI can be applied in PDSCH#4. In the same way, TCI in scheduling DCI can be applied in PDSCH#3 and PDSCH#4 in case of the bottom of Figure 2.


Figure 2 PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL in case of beam switching gap is necessary

Proposal 4: Support Alt-2 of Case 2 (multi QCL assumptions) and propose following:
For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· Multiple QCL assumptions are applied as per Rel-16 (Alt-2 of Case 2)
· This means that the following Rel-16 rule is applied
· PDSCH scheduling offset for all PDSCHs < 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 of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

· PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
· Follow TCI/QCL assumption indication rule in Case 1


Proposal 5: If beam switching gap is required, use indicated QCL assumption when an enough gap for beam switching is provided, otherwise keep default QCL assumption.


4 Beam management enhancement due to LBT
In current NR, beam management is performed only based on periodical RS, which may require explicit RS validation when it comes to an unlicensed band due to the impact of LBT. The validation rule typically includes the reception of other signal and/or channel, and highly relies on the reception accuracy of such signal and/or channel. 
For 60 GHz unlicensed band, multi-PDSCH/PUSCH scheduled by a single DCI has been agreed to be supported, then it is more efficient to use multi-slot CSI-RS/SRS scheduled by a single DCI for beam management purpose. With larger SCS and shorter slot duration, the single DCI scheduling multi-slot aperiodic CSI-RS/SRS can reduce the overhead and frequent UE PDCCH monitoring, and it is further motivated by the fact that a large number of beams are expected to be implemented for 60 GHz unlicensed band. 
Proposal 6: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
For 60 GHz unlicensed band, the transmission beam is much narrower, and the transmission duration of a RS is much shorter using the new SCSs, such that the impact from LBT is more severe than Rel-16 NR-U. The legacy beam failure detection and recovery procedure should be enhanced for NRU 60GHz, since some RS transmissions may not occur due to LBT failure. In particular, a UE cannot differentiate a beam failure from LBT failure or a beam failure due to beam misalignment. One simple solution is to use the periodical RS validation by GC DCI or to use DCI-triggered aperiodic RS. However, under beam failure condition, the UE cannot receive the DCI, thus cannot perform any validation of periodical RS transmission or reception of DCI triggering aperiodic RS. Hence, we propose to further investigate the issue with uncertainty on the RS transmission due to LBT, and enhancement to current beam failure detection and recovery procedure should be investigated. 
Proposal 7: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.

5 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Support values of Y dependent on RAN4 feedback on the switching time requirement
Proposal 2: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
Proposal 3: Support UE capability signalling for beam switching time except for SSB, which has already been addressed in A.I. 8.2.1
Proposal 4: Support Alt-2 of Case 2 (multi QCL assumptions) and propose following:
For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· Multiple QCL assumptions are applied as per Rel-16 (Alt-2 of Case 2)
· This means that the following Rel-16 rule is applied
· PDSCH scheduling offset for all PDSCHs < 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 of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

· PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
· Follow TCI/QCL assumption indication rule in Case 1

Proposal 5: If beam switching gap is required, use indicated QCL assumption when an enough gap for beam switching is provided, otherwise keep default QCL assumption.

Proposal 6: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
Proposal 7: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.
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