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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#90-e meeting, the Rel. 17 NR_ext_to_71GHz WID [1] was approved.  Some of the objectives of the new WID listed in [1] are:
· Physical layer procedure(s) including [RAN1]:
· [bookmark: _Hlk61260278]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.
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e. 
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access.
In our previous contribution [2] we proposed to use R17 based beam management as a basis for beam management in 52.6 GHz -to- 71 GHz (henceforth referred to as NR_ext_to_71GHz). We justified our stance by pointing that enhancements proposed for the R17 beam management in [3] could potentially reduce the beam indication latency by about an order of magnitude. This reduced latency is a critical need in NR_ext_to_71GHz given that narrower beamwidths are more susceptible to misalignment, thereby necessitating frequent beam switching. In this contribution, we focus on the following parts of the agreements made in RAN1 #104-e:
Agreement:
· 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.
· 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 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.
Agreement:
· 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
Timing Associated with Beam-based Operation in new SCS
We proceed to present our proposals on timing related parameters and issues in NR_ext_to_71GHz. 

Timing associated with beam based operation
The IE “timeDurationForQCL” defines the minimum number of OFDM symbols required by a UE to perform PDCCH reception which includes retrieval of spatial QCL information received in the DCI and applying that spatial QCL information to prepare spatial receive filters for receiving scheduled PDSCH. 
[bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK116][bookmark: OLE_LINK115][bookmark: OLE_LINK198][bookmark: OLE_LINK199][bookmark: _Hlk67754368]Furthermore, Rel-15 and Rel-16 define two more IEs: “beamReportTiming” and “beamSwitchTiming”, respectively. The IE “beamReportTiming” indicates the number of symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. In FR2, the values of “beamReportTiming” for 60 kHz SCS and 120 kHz SCS are {sym8, sym14, sym28} and {sym14, sym28, sym56}, respectively. The IE “beamSwitchTiming” indicates the minimum number of OFDM symbols between the DCI triggering an aperiodic CSI-RS and the actual aperiodic CSI-RS transmission.  In FR2 the values of “beamSwitchTiming” for both 60 kHz SCS and 120 kHz SCS are {sym14, sym28, sym48, sym224, sym336}.
[bookmark: _Hlk67755847] In our view, the supported values of “beamSwitchTiming”, “beamReportTiming” and “timeDurationForQCL” for 480 kHz SCS and 960 kHz SCS can be obtained by simply scaling their corresponding values for 120 kHz SCS by 4 and 8, respectively.
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK78]Proposal 1: For 480 kHz SCS and 960 kHz SCS, the values of “timeDurationForQCL”, “beamReportTiming” and “beamSwitchTiming”, are obtained by scaling their corresponding values for 120 kHz SCS by 4 and 8, respectively. 

[image: ]
Fig 1. Multi-slot PDSCH scheduling

[bookmark: _Hlk67760306]In Fig. 1 we have depicted an issue that can arise in multi-slot PDSCH scheduling with a single DCI. In particular, the PDSCH slots (if any) that have an offset smaller than “timeDurationForQCL” can be received by the UE with   different RX beam(s) than the RX beam used to process those whose offsets are no less than “timeDurationForQCL”.  We note that there is no ambiguity here since UE behaviour in terms of using a default RX beam is clearly defined for each one of the PDSCH slots it is scheduled to receive. However, at least in the single TRP case, there may be a single optimized RX beam using which we can potentially realize a better SINR at the UE (and hence a better performance).  This latter performance could have been achieved if signalled value of “timeDurationForQCL” was zero so that the RX beam (spatial QCL) conveyed via the TCI could be immediately applied by the UE for all scheduled PDSCH.  There has been a suggestion [4] to consider redefining of the default beam selection rule towards realizing the above ideal performance obtained with a single optimized RX beam. However, this default beam should then be sufficiently dynamically configurable (which of-course entails more signalling and perhaps more specification changes), while respecting the original actual spatial RX beam preparation related capability of that UE. Moreover, even with the current default rule, the gNB via scheduling can ensure that an optimized RX beam is used by the UE for all PDSCH slots with offsets at least as large as its “timeDurationForQCL”, while good RX beams are used by that UE even for the slots with offsets less than its “timeDurationForQCL”. Together these two factors will already mitigate any potential loss.  We therefore would like to see more compelling reasons before any changes in the current agreed default beam definitions are made. 
[bookmark: _Hlk67763169]Proposal 2: Necessity of any changes to default beam assumptions in single DCI multi-slot PDSCH scheduling should be clarified first. 
UE capability 
Each UE can have a different beam switching capability. A conservative value considered for analog beam switch duration discussed in TR 38.817-01 is of the order of 100ns. Using this conservative value, we can determine that a beam switch cannot be accomplished within the CP length of 73ns in SCS of 960 kHz. Moreover, upon adding delay spread, timing errors and other impairments it may even be infeasible to accommodate beam switch duration within the CP length for SCS of 480 kHz. We note here that there can be a need for such beam switching over consecutive OFDM symbols in certain situations, for instance, when CSI-RS associated with different beams are assigned to adjacent OFDM symbols. A safe solution to satisfy beam switch delay constraint is to mandate that no UE will need to perform beam switching in adjacent OFDM symbols in both 480 kHz and 960 kHz SCS. In other words, purely via scheduling gNB ensures there is always a symbol gap whenever a beam switch is entailed in these SCS. This gap is then regarded as a symbol by that UE on which nothing intended for it would be transmitted by the gNB. 
However, this solution precludes taking advantage of UE implementations that allow for faster beam switch. Our preference is for some signalling to indicate UE beam switch capability, which would then allow gNB to decide whether or not to provision a symbol gap (to accommodate beam switch) in a UE specific manner. Clearly if this capability is signalled then a UE should not be expected to perform a beam switch at a rate exceeding its signalled capability. For a complete specification, UE behaviour in the case a gNB schedules adjacent symbol beam switching exceeding its capability should also be specified. For instance, in such a scenario the UE can be mandated to prioritize decoding its scheduled PDSCH symbols and refrain from receiving other transmissions intended for it that require a beam switch violating its indicated capability. More generally, in such scenarios UE can be mandated to prioritize one type of scheduled transmissions over the other. Furthermore, the gNB should assume that a UE is incapable of adjacent symbol beam switching in case that UE does not signal it in its capability. 

[bookmark: _Hlk68622160][bookmark: _Hlk67835561]Proposal 3: For both 480 kHz and 960 kHz SCS, UE is not expected to receive downlink data or control channel or reference signals with different QCL-TypeD properties on adjacent symbols within a slot if that violates its signaled beam switch capability or if this capability is not signaled. 

RS support for LBT Procedures

The roles of periodic-RS in both beam failure check (BFC) and candidate beam evaluation (CBE) are well recognized. Indeed, two issues---(i) mandatory LBT with the possibility of failing LBT and (ii) restricting RS transmission to within the channel occupancy time (CoT) upon succeeding---together create several situations where adequate periodic RS support for BFC and CBE cannot be provided by the transmitter or gNB. This has led to support for triggering aperiodic CSI-RS or TRS by the gNB to substitute for a missing periodic RS transmission [5]. One key motivation behind this support is the need to prevent UE from assuming a spurious link misalignment in situations with a relatively short-term LBT failure at the gNB. Here by short-term we mean that there is a relatively high likelihood of LBT at the gNB succeeding (with the same sensing beam) before the next scheduled periodic-RS transmission. Thus, the gNB can perform an LBT and upon success (which is likely), trigger and setup an aperiodic RS transmission. The UE can then adjust failure counter it maintains and combine the measurements on this aperiodic RS and the previous periodic ones, all of which correspond to the same transmit beam. In addition, a UE implementation can also detect the absence of a periodic RS transmission. Upon such detection, it can also tentatively assume an LBT failure at the gNB and then expect a trigger for an aperiodic RS before the next scheduled periodic RS. 
Proposal 4: Utilize aperiodic CSI-RS transmission to address impact of LBT failure on periodic RS transmissions intended to support beam failure recovery. 

[image: ]
Fig-2: Persistent interferer (TX-B) can cause sustained LBT failure at TX-A. Switching to alternate beam is preferable for TX-A--RX-A link.  

Mandatory LBT brings up another issue related to the aforementioned scenario that also merits consideration. Consider Fig.2, which depicts the presence of an interferer (TX-B) transmitting along a beam which has a significant overlap with the sensing beam that is used by TX-A for directional LBT sensing. Suppose further that this interferer will begin transmitting for a relatively sustained duration. This scenario will violate the implicit “short-term LBT failure at the gNB” assumption made before. We thus have a situation in which using the original beam for transmission by gNB (TX-A) which might still be feasible from the UE’s (RX-A’s) point of view, becomes untenable as per LBT protocol. This is because LBT at gNB using the original sensing beam will keep classifying intended transmission by it as a potential interference to an ongoing transmission. In such a situation the gNB should instead switch to an alternate transmit beam that is available. Consequently, the gNB should perform an LBT with an alternate sensing beam (aligned with the alternate transmit beam). Since the likelihood of LBT success becomes higher using the alternate sensing beam, the gNB is more likely to be able to trigger and switch to using the alternate transmit beam. Extending this argument, the gNB can also attempt to trigger and re-evaluate a previous best beam that it had to abandon due to a persistent LBT failure in the past. In each case the gNB should be enabled to achieve a low latency beam switch for precoding periodic RS using an updated transmit beam. This will enable low latency beam switch to address sustained LBT failure.  

[bookmark: _Hlk68622756]Proposal 5: Consider support for low latency beam (QCL-TypeD) switch of periodic RS transmissions after sustained LBT failure.  

[bookmark: _Hlk68626056]Directional LBT issues
In shared spectrum access in NR_ext_to_71GHz, due to the higher carrier frequency (and hence smaller wavelengths) than FR2, it becomes possible to pack even more antenna elements in the same form factor. This allows for realizing finer (narrower) beams.  Several past contributions have highlighted potential benefit of directional LBT tailored to such narrower beams (in terms of more efficiently combating exposed and hidden node problems) towards realizing efficient channel access in NR_ext_to_71GHz. Our companion contribution [6] presents multiple proposals on directional LBT.
No-LBT related Procedures

In some regions no LBT is required for operating in unlicensed bands in NR_ext_to_71GHz. While it is tempting to assume that there is an absence of significant interference in NR_ext_to_71GHz due to narrow beams and high propagation loss, it so happens that such optimistic assumptions need not always hold. Indeed, as demonstrated in [7] for legacy (802.16ad) WiFi devices operating in 60GHz, beams realized via practical devices have considerable sidelobes which, along with out-of-band emissions, can be a source of significant interference. Such interference is particularly detrimental since it is a spurious transmission that does not benefit any receiver.  Moreover, the commonly used default mode in several legacy devices, at-least in the indoor settings, is to use omni or quasi-omni RX beams. This is because while it is recognized that finer RX beamforming can alleviate the interference problem, the caveat is that there can be increased training overhead and higher susceptibility to blocking upon using such beamforming. Thus, there can be vast disparities in the capabilities (in terms of out-of-band emission suppression, TX and RX beamforming capability etc.) and operational settings among co-existing devices. In addition, there is an asymmetry inherent in interference among co-existing links, i.e., one TX-RX link can suffer much more interference from a coexisting active link while imposing substantially less interference on that link. Together, these factors imply that operating without LBT and without any form of interference mitigation policies can lead to reduced system throughput and/or degraded fairness. One approach that seems feasible is for each device to adopt a policy of a certain channel vacation after each acquired CoT, and such a policy will be more effective if it accounts for the disparity prevalent among co-existing devices. 
[bookmark: _Hlk68467852]Proposal 7:  In No-LBT deployments consider specification of channel vacation policies accounting for disparity among co-existing devices.

Conclusions
In this contribution, we have presented our views on beam management for shared spectrum access in beyond 52.6GHz.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: For 480 kHz SCS and 960 kHz SCS, the values of “timeDurationForQCL”, “beamReportTiming” and “beamSwitchTiming”, are obtained by scaling their corresponding values for 120 kHz SCS by 4 and 8, respectively. 
Proposal 2: Necessity of any changes to default beam assumptions in single DCI multi-slot PDSCH scheduling should be clarified first. 
Proposal 3: For both 480 kHz and 960 kHz SCS, UE is not expected to receive downlink data or control channel or reference signals with different QCL-TypeD properties on adjacent symbols within a slot if that violates its signaled beam switch capability or if this capability is not signaled.
Proposal 4: Utilize aperiodic CSI-RS transmission to address impact of LBT failure on periodic RS transmissions intended to support beam failure recovery. 
Proposal 5: Consider support for low latency beam (QCL-TypeD) switch of periodic RS transmissions after sustained LBT failure.  
Proposal 7:  In No-LBT deployments consider specification of channel vacation policies accounting for disparity among co-existing devices.
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