Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk510516396]3GPP TSG-RAN WG1 #110bis-e	 R1-2210092
Electronic Meeting, October 10th – 19th, 2022

Agenda Item:	9.15.1 
Source:	Ericsson
Title:	On UAV beamforming capabilities
Document for:	Discussion, Decision
1	Introduction
In RAN#94-e, a new WI for supporting UAV in NR was approved [1]. The WID includes an objective for UE capability signaling to indicate UAV beamforming:

	4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 

•	FR1 with directional antenna at UE side



In this paper we discuss various aspects of this objective.
[bookmark: _Ref178064866]2	Discussion
2.1 	General aspects
The impacts of directional antennas at the UE side has been discussed in LTE Rel-15 study item for UAV and evaluation results were presented in [2]. Specifically, directional antennas at the aerial UE side were identified as an interference mitigation strategy which helps reduce the uplink interference generated by aerial UEs as well as the downlink interference perceived by aerial UEs. 
NR has support for signaling of UE beamforming capabilities since Rel-15, captured in TS 38.306. In our view, the most relevant NR UE beamforming capability signaling for UAV is in the context of Rel-17 unified TCI framework. Specifically, UAV beamforming capabilities may be signaled to the network by indicating the support of the following feature as specified in TS 38.306, see below.

	unifiedJointTCI-r17
Indicates the support of unified TCI state operation with joint DL/UL TCI update for intra-cell beam management including the support of:
-	One MAC-CE activated joint TCI state per CC in a band
-	TCI state indication for update and activation of MAC CE based TCI state indication for one active TCI state

The capability signalling comprises the following parameters:
-	maxConfiguredJointTCI-r17: indicates the maximum number of configured joint TCI states per BWP per CC in a band
-	maxActivatedTCIAcrossCC-r17: indicates the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band

If a UE supports unifiedJointTCI-InterCell-r17, the signalled component values (except additionalMAC-CE-AcrossCC-r17) also apply to inter-cell beam management
	Band
	No
	N/A
	N/A

	unifiedJointTCI-InterCell-r17
Indicates the support of Unified TCI with joint DL/UL TCI update for inter-cell beam management including following parameters:
-	additionalMAC-CE-PerCC-r17 indicates the number of K additional MAC-CEs to indicate joint TCI states per CC in a band.
-	additionalMAC-CE-AcrossCC-r17 indicates the number of K additional MAC-CE activated joint TCI states across all CC(s) in a band.

NOTE:	A UE that supports unifiedJointTCI-InterCell-r17 supports K additional MAC-CE activated joint TCI states across all CC(s) in a band in addition to the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band signalled in unifiedJointTCI-r17.

	Band
	No
	N/A
	N/A

	unifiedJointTCI-mTRP-InterCell-BM-r17
Indicates the support of inter-cell beam measurement and reporting for inter-cell BM and mTRP. This feature includes support of L1-RSRP measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI (additional PCI) and support of up to K SSBRI-RSRP pairs in one report where a pair is associated with a PCI different from serving cell PCI can be reported, where K is equal to maxNumberNonGroupBeamReporting.

This feature also includes following parameters:
-	maxNumAdditionalPCI-L1-RSRP-r17 indicates the maximum number of RRC-configured] PCI(s) different from serving cell PCI for L1-RSRP measurement.
-	maxNumSSB-ResourceL1-RSRP-AcrossCC-r17 indicates the maximum number of SSB resources configured to measure L1-RSRP within a slot with PCI(s) same as or different from serving cell PCI [across all CC].

NOTE:	maxNumSSBResource-L1-RSRP-AcrossCC-r17 is also counted in maxTotalResourcesForOneFreqRange-r16/ maxTotalResourcesForAcrossFreqRanges-r16.
	Band
	No
	N/A
	N/A




[bookmark: _Toc115190749][bookmark: _Toc115190783][bookmark: _Toc115190808][bookmark: _Toc115457136][bookmark: _Toc115457142]The unified TCI framework defined in Rel-17 can be used to signal UAV beamforming capabilities.

Moreover, it appears to us that there is no FR1 vs. FR2 differentiation in TS 38.306 regarding the feature unifiedJointTCI-r17, unifiedJointTCI-InterCell-r17, and unifiedJointTCI-mTRP-InterCell-BM-r17. Therefore, we believe that this feature is suitable for UE capability signaling to indicate beamforming capabilities related to directional antenna at FR1. 

[bookmark: _Hlk114236589][bookmark: _Toc115457157]The unifiedJointTCI-r17 feature specified in TS 38.306 is used as a starting point for indicating UAV beamforming capabilities related to directional antenna in FR1.

While we believe that the unifiedJointTCI-r17 feature can be used as a starting point, it is necessary to revisit the candidate values supported for these features to see if they are suitable for UAV. In the next sections, we discuss several relevant issues.
2.2 	Number of detected cells and DL reference signals
In [2], it has been reported that an Aerial UE may detect many cells and measurement campaigns for aerial UE flying up to 120m height have shown that an average of 16 cells are visible in a rural network. The same report also presents RSRP gap simulations showing that up to 16 cells within a RSRP gap of 10 dB can be observed by an aerial UE at altitudes of 50m or above. The number of detected cells is particularly high at the low band due to line of site propagation conditions.
[bookmark: _Toc115190750][bookmark: _Toc115190784][bookmark: _Toc115190809][bookmark: _Toc115457137][bookmark: _Toc115457143]An aerial UE can detect many cells, with many of them located at far away locations. This effect is most significant at frequencies below 3GHz because of their longer propagation range.

2.3 	Unified TCI framework
In NR, the DL reference signals, CSI-RS and SSB, as well as the SRS in the UL can be used to identify QCL relationships in the form of TCI states. The TCI states can be used, for example, to indicate a UE that a DL transmission is done using the same spatial filter than a given reference signal.
As discussed above, aerial UEs see more cells than terrestrial UE and thus several parameters’ values in the unified TCI framework need to be revisited to consider the number of cells visible to aerial UEs. For example, it needs to be studied if the candidate values of the following parameters are suitable for UAV use case or if they need to be increased/extended to better cater to the UAV use case :
· additionalMAC-CE-PerCC-r17: indicates the number of K additional MAC-CEs to indicate joint TCI states per CC in a band.
· additionalMAC-CE-AcrossCC-r17: indicates the number of K additional MAC-CE activated joint TCI states across all CC(s) in a band. 
· k-DL-PerCC-r17: indicates the number of additional MAC-CE activated DL TCI states per CC in a band
· k-UL-PerCC-r17: indicates the number of additional MAC-CE activated UL TCI states per CC in a band
· k-DL-AcrossCC-r17: indicates the number of additional MAC-CE activated DL TCI states across all CC(s) in a band
· k-UL-AcrossCC-r17: indicates the number of additional MAC-CE activated UL TCI states across all CC(s) in a band

However, other parameters within the unified TCI framework have been identified as relevant for UAV beamforming, for example:
· maxNumMAC-CE-PerCC-r17: indicates the maximum number of MAC-CE activated joint TCI states per CC in a band. 
· maxActivatedTCIAcrossCC-r17: indicates the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band
· maxActivatedDL-TCIPerCC-r17: indicates the maximum number of MAC-CE activated DL TCI states per CC(s) in a band
· maxActivatedUL-TCIPerCC-r17: indicates the maximum number of MAC-CE activated UL TCI states per CC(s) in a band
· maxActivatedDL-TCIAcrossCC-r17: indicates the maximum number of MAC-CE activated DL TCI states across all CC(s) in a band
· maxActivatedUL-TCIAcrossCC-r17: indicates the maximum number of MAC-CE activated UL TCI states across all CC(s) in a band


[bookmark: _Toc115190752][bookmark: _Toc115190786][bookmark: _Toc115190811][bookmark: _Toc115457138][bookmark: _Toc115457144]The unified TCI framework need to be revisited to consider the large number of DL reference signals that can be detected by aerial UEs. 

[bookmark: _Hlk114236816]
[bookmark: _Toc115457158]RAN1 to study the value range of UE features related to the unified TCI framework to support the large number of DL reference signals/cells that can be detected by aerial UEs.
3	Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	The unified TCI framework defined in Rel-17 can be used to signal UAV beamforming capabilities.
Observation 2	An aerial UE can detect many cells, with many of them located at far away locations. This effect is most significant at frequencies below 3GHz because of their longer propagation range.
Observation 3	The unified TCI framework need to be revisited to consider the large number of DL reference signals that can be detected by aerial UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The unifiedJointTCI-r17 feature specified in TS 38.306 is used as a starting point for indicating UAV beamforming capabilities related to directional antenna in FR1.
Proposal 2	RAN1 to study the value range of UE features related to the unified TCI framework to support the large number of DL reference signals/cells that can be detected by aerial UEs.
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