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[bookmark: _Toc116995841]Introduction
The Rel-18 NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 WI includes the following objectives for defining UE beam correspondence requirements for RRC_INACTIVE and initial access. 

	Beam correspondence requirements for RRC_INACTIVE and initial access
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping [RAN4 RF]
· For RRC_INACTIVE specify at least requirements for Random Access SDT and Configured Grant SDT
· Requirements for other transmission within RRC_INACTIVE state are not precluded.
· [bookmark: _Hlk110603992]For initial access, specify requirements and verification of beam correspondence requirements based on msg1 spherical coverage (at least) 
· Study the potential impact on testability aspects (i.e., test time).




In RAN4#106bis, we conclude on three topics in the WF. In this contribution we deal with the first topic: 

	[bookmark: _Hlk118276651]Topic #1: Beam correspondence requirement applicability
Sub-topic 1-1 Minimum peak EIRP and spherical coverage for msg1
Issue 1-1-1: minimum peak EIRP for msg1 + spherical coverage package
· Proposals
· Option 1: Do not specify the min peak EIRP requirements but Same spherical coverage as RRC_Connected mode
· Option 2: Lower than the min peak EIRP of RRC_Connected mode  + Same spherical coverage as RRC_Connected mode
· Option 3: Same as min peak EIRP of RRC_Connected mode  + Same spherical coverage as RRC_Connected mode
· Option 4: For beam correspondence in initial access, reuse the same beam lock mode and the same beam type assumption as that of connected mode beam correspondence. And accordingly EIRP requirements and RS side condition can also be reused.

Way forward/Agreements:
Further discuss in RAN4#107 meeting. Implication between Issue 1-1/1-5/1-6 need to be investigated.
· Companies are encouraged to provide justification.
Sub-topic 1-2 RAR
· Proposals
· Option 1: RAR is included. 
· Option 2: RAR is not included.
· Option 3: If no consensus on re-use the same requirement as in the connected for at least spherical coverage, the RAR reception-based BC test can be taken as an alternative method for accommodating different beam patterns and UE implementations.
· Option 4: Keep the previous agreement on RAR to focus on Msg1 requirement first, then discuss RAR later.
Way forward/Agreements:
· focus on Msg1 requirement first, then discuss RAR later
[bookmark: _Hlk132216442]Sub-topic 1-3 msgA
· Proposals
· Option 1: msgA is included.
· Option 1a: msgA requirement is the same as msg1.
· Option 1b: msgA requirement is the same as Rel-16.
· Option 2: msgA is not included
Way forward/Agreements:
· msgA is not included in Rel-18.
Sub-topic 1-4 requirement scenario (IA, RA-SDT, CG-SDT)
· Proposals
· [bookmark: _Hlk132162189]Option 1: Core requirement is introduced to all cases, i.e., IA, RA-SDT, and CG-SDT
· Option 1a: Core requirement is the same for all cases and one set of requirements is appliable to all.
· Option 1a-1 It is proposed to consider the same set of requirements for RA-SDT, CG-SDT and initial access in the core specification. It is proposed to test beam correspondence requirement only in initial access for MSG1.
· Option 1b: Core requirement is specified for each case, IA, RA-SDT and CG-SDT.
· Option 1b-1 Since the UE under test will be using different methods of power control, i.e open loop, in RRC_IDLE and RRC_INACTIVE and closed loop in RRC_CONNECTED, the UE behavior and ability to achieve to minimum peak EIRP in all these states need to be tested.
· Option 2: Core requirement is only introduced to initial access.
· Option 3: If one set requirement for all three scenarios cannot be agreed, RAN4 to introduce core requirements only for initial access in the Rel-18 time-line.
Way forward/Agreements:
· Core requirement is the same for IA, RA-SDT and CG-SDT, and one set of requirements is applicable to all.
· For test, UE is only tested under initial access state.
· Send LS to RAN5 to inform the agreements above
· Clarify the applicability rule for the test in RAN4 specification.
Sub-topic 1-5 BC tolerance
· Proposals
· Option 1: BC tolerance is applicable.
· Option 1a: The same as Rel-16. 
· Option 1b: New tolerance is introduced.
· Option 1c: it’s suggested to study the tolerance requirements especially for UE supporting BC with beam sweeping in RRC_CONNECTED.
· Option 2: BC tolerance is not applicable.
· Option 3: If these two types of UE capability will be reused in R18, which means UE supporting BC without beam sweeping has better performance, tolerance requirement is needed for UE with relatively bad BC performance like R16 UE with beam sweeping. If there is only a kind of UE compared with R16, tolerance requirement is no need.
Way forward/Agreements:
· BC tolerance requirement defined in Rel-15 is not applicable to initial access and RRC_INACTIVE state, according to WID “Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping.”
· Encourage companies to provide justification if relaxation is needed in IA for UE not supporting BC without UL beam sweeping.
Sub-topic 1-6 UE capability
· Proposals
· [bookmark: _Hlk132994535]Option 1: Only the UE support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 is considered can support msg1 beam correspondence. 
· Option 2: For supporting UE beam correspondence requirements for RRC_INACTIVE and initial access UE needs to support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 UE capabilities.
· Option 3: RAN4 specs to clarify that Rel-18 or newer UEs supporting beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 is considered as a Msg1 beam correspondence capable UE.
Way forward/Agreements:
· Follow previous RAN4 decision that new UE capability is not introduced for initial access.
· FFS for the options above.
Sub-topic 1-7 UE side condition
· Proposals
· Option 1: The SSB minimum SNR should be 13 dB to align with the gain difference in TS 38.133. 
· Option 2: SSB_RP values for IDLE/INACTIVE states may be different for a 2-step RA procedure compared to a 4-step RA procedure due to payload difference between MsgA and Msg1. A similar classification needs to be defined for the SDT procedures as well. 
· Option 3: RAN4 shall also determine the side condition of SSB for the EIRP spherical coverage test of Msg. 1, to match the condition in the field.
· Option 4: For Msg 1, reuse the side condition for SSB based beam correspondence.
· Option 5: Using Rel-16 side condition of SSB based as the starting point.
Way forward/Agreements:
· Rel-16 side condition of SSB based can be considered, companies are encouraged to justify their preference.



Minimum peak EIRP
In meeting RAN4#106 bis, it was proposed to provide justification about why minimum peak EIRP requirements for IDLE mode need to be defined. 
The situations for UE in the fields are complicated, the channel conditions can be dramatically different from one case to another. Different PRACH formats and PRACH power ramp-up procedures were designed to let UE have a better chance to connect to the network experiencing poor channel conditions.
In Rel-17 TR 38.830 on the study for NR coverage enhancements has identified PRACH as a bottleneck channel. The motivation for the introduction of Rel-18 PRACH repetition is clearly stated in WID RP-221858. The WID states that “In Rel-17, PRACH coverage enhancement has not been addressed, despite being identified as one of the bottleneck channels in the corresponding studies. PRACH transmission is very important for many procedures, e.g., initial access and beam failure recovery.”
Since PRACH has been identified as a bottleneck uplink channel in Rel-17 RAN1 studies, use of narrow beam for PRACH will increase the likelihood of successful initial access for UEs at cell edge, without having to resort to PRACH repetition.
[bookmark: _Toc134387235]Rel-17 RAN1 studies have identified PRACH as a bottleneck uplink channel. This is the main motivation for the introduction of Rel-18 PRACH repetitions.
[bookmark: _Toc134387236]Since PRACH has been identified as a bottleneck uplink channel in Rel-17 RAN1 studies, use of narrow beam for PRACH will increase the likelihood of successful initial access for UEs at cell edge, without having to resort to PRACH repetition.
It has also been stated by some companies that since minimum peak EIRP is already tested in CONNECTED mode, there is no need to define the requirements for minimum peak EIRP in the IDLE mode. However, there is a difference in the way the UE achieves minimum peak EIRP in IDLE as compared to CONNECTED mode. In IDLE and INACTIVE modes, the minimum peak EIRP of the UEs will be tested by means of the Random Access procedures where the UE is expected to carry out a power ramping procedure to achieve maximum power. This is essentially an open loop power control procedure.
In the RRC_CONNECTED mode, during the EIRP test procedure (TS 38.521) the System Simulator sends uplink power control commands in every uplink scheduling information to the UE. This is a closed loop power control procedure.
[image: ]
Figure 1: Closed Loop power control

Given the differences in the power control methods for testing of minimum peak EIRP in RRC_IDLE and RRC_CONECTED, it is only natural to define the minimum peak EIRP requirements and test the UE behavior in each of these scenarios. 
[bookmark: _Toc134387237]Minimum peak EIRP in RRC_CONNECTED mode is tested via closed loop power control method. 

[bookmark: _Toc134387238]In IDLE mode, the UE is expected to achieve maximum power using the power ramping procedure in Random Access. This is an open loop power control method.
[bookmark: _Toc134387239]Since the power control methods used in IDLE and CONNECTED are different, the UE achieving minimum peak EIRP in RRC_CONNECTED doesn’t necessarily mean that it can achieve minimum peak EIRP in IDLE mode. 
[bookmark: _Toc134387240]Since the UE under test will be using different methods of power control, i.e open loop, in RRC_IDLE and RRC_INACTIVE and closed loop in RRC_CONNECTED, the UE behavior and ability to achieve minimum peak EIRP in all these states need to be tested.
[bookmark: _Toc134387241]UE minimum peak EIRP requirements need to be defined for msg1 in IDLE and INACTIVE modes.
[image: ]
Figure 2: UE using an increasing number of active elements to attain increased PA power.
The UE under test in the IDLE mode will be using the Random-access procedure. As stated in RAN4#106 [4] in all the test methods proposed so far, the intent has been to enable the UE to achieve maximum power. It would be reasonable to assume that the UE will use all the elements in its antenna array to achieve the maximum achievable radiated power. Hence, we see no reason why the UE cannot achieve the same minimum peak EIRP requirements as in RRC_CONNECTED mode.
[bookmark: _Toc134387242]UE under test in IDLE and INACTIVE mode will need to achieve maximum power either via RA power ramping or via well-defined parameters as is being discussed in the BC test requirements topic. Both these methods mean the UE will use all its antenna elements to achieve maximum radiated power.
[bookmark: _Toc134387243]UE minimum peak EIRP requirements for msg1 will be the same as RRC_CONNECTED mode.
Requirement scenario (IA, RA-SDT, CG-SDT)
In the INACTIVE mode, the UE may also have to perform Small data transmissions (SDT).  Small data transmission procedures have been defined in 3GPP Rel-17 during RRC Inactive with a view of providing power saving opportunities and reducing overhead signaling. SDT can be Random Access based (RA-SDT) or Configured Grant based. (CG-SDT). The maximum benefit among all three of the SDT features is when the CG-SDT procedure is used.
When a UE in INACTIVE mode, fails to transmit data via the SDT procedure because it cannot connect to the network, it falls back to the RRC_CONNECTED mode. Doing so will mean that the power saving gains which were envisioned by implementing this feature are lost. 
It was stated in [2], the PUSCH can be a limiting factor for the uplink as data is transmitted here while this doesn’t hold true for Random Access and hence it is more reasonable to define minimum peak EIRP requirements in RRC_CONNECTED. 
However, this holds good even in case of SDT since the UE has to transmit data. In case of CG-SDT, the UE will be transmitting data using preconfigured CG PUSCH resources. Similarly, in the case of RA-SDT in INACTIVE, the UE has a payload to transmit. Hence minimum peak EIRP requirements have to be defined for all cases i.e IA, RA-SDT and CG-SDT and the values will be same as RRC_CONECTED mode.
[bookmark: _Toc134387244]UE in RRC_INACTIVE may have to perform Small data transmissions which are of three types: 2 step RA-SDT, 4 step RA-SDT and CG-SDT. If the UE fails to connect to the network when attempting the SDT, then it needs to transition to RRC_CONNECTED resulting in additional signaling and loss of power savings gains which could have been had if the SDT was successful.
[bookmark: _Toc134387246]Minimum peak EIRP requirement have to be defined for IA, RA-SDT and CG-SDT and the values will be same as RRC_CONEECTED mode.
[bookmark: _Toc116995848]
UE Capability 
[bookmark: _Hlk131431014][bookmark: _Hlk131431023]The objectives of the Rel-18 WID in [1] define that UE beam correspondence requirements for RRC_INACTIVE and initial access will be specified using SSB-based beam correspondence and without UL beam sweeping. This means that UEs need to support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 UE capabilities. 
Further in Rel-17, SDT related UE capabilities are introduced such as ra-SDT-r17 and cg-SDT-r17. The beam correspondence in RA-SDT and CG-SDT obviously needs UE supporting corresponding SDT UE capabilities. However, for initial access, the beam correspondence requirement specified in this WI should be mandatory for all UE from Rel-18 and onward as we agreed no new UE capability for beam correspondence is introduced in RAN#105 [5]. This means UE not supporting beamCorrespondenceWithoutUL-BeamSweeping or beamCorrespondenceSSB-based-r16 is not allowed in Rel-18. Or at least UE needs to meet the Rel-18 requirement in initial access regardless of the beam correspondence requirement in connected mode.
[bookmark: _Toc134387247]For supporting UE beam correspondence requirements for RRC_INACTIVE and initial access UE needs to support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 UE capabilities. As agreed in RAN#105, there is no need for a new UE capability.

Conclusion
In the paper, the following Observations and Proposals were made:

Observation 1: Rel-17 RAN1 studies have identified PRACH as a bottleneck uplink channel. This is the main motivation for the introduction of Rel-18 PRACH repetitions.
Proposal 1: Since PRACH has been identified as a bottleneck uplink channel in Rel-17 RAN1 studies, use of narrow beam for PRACH will increase the likelihood of successful initial access for UEs at cell edge, without having to resort to PRACH repetition.
Observation 2: Minimum peak EIRP in RRC_CONNECTED mode is tested via closed loop power control method.
Observation 3: In IDLE mode, the UE is expected to achieve maximum power using the power ramping procedure in Random Access. This is an open loop power control method.
Observation 4: Since the power control methods used in IDLE and CONNECTED are different, the UE achieving minimum peak EIRP in RRC_CONNECTED doesn’t necessarily mean that it can achieve minimum peak EIRP in IDLE mode.
Proposal 2: Since the UE under test will be using different methods of power control, i.e open loop, in RRC_IDLE and RRC_INACTIVE and closed loop in RRC_CONNECTED, the UE behavior and ability to achieve minimum peak EIRP in all these states need to be tested.
Proposal 3: UE minimum peak EIRP requirements need to be defined for msg1 in IDLE and INACTIVE modes.
Observation 5: UE under test in IDLE and INACTIVE mode will need to achieve maximum power either via RA power ramping or via well-defined parameters as is being discussed in the BC test requirements topic. Both these methods mean the UE will use all its antenna elements to achieve maximum radiated power.
Proposal 4: UE minimum peak EIRP requirements for msg1 will be the same as RRC_CONNECTED mode.
Observation 6: UE in RRC_INACTIVE may have to perform Small data transmissions which are of three types: 2 step RA-SDT, 4 step RA-SDT and CG-SDT.
Observation 7: In case of CG-SDT, the UE will be transmitting data using preconfigured CG PUSCH resources. Similarly, in the case of RA-SDT in INACTIVE, msgA has a payload to transmit.
Proposal 5: Minimum peak EIRP requirement have to be defined for IA, RA-SDT and CG-SDT and the values will be same as RRC_CONEECTED mode.
Proposal 6: For supporting UE beam correspondence requirements for RRC_INACTIVE and initial access UE needs to support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 UE capabilities.
[bookmark: _Toc116995849]Annex: Text proposal to TR 38.891
[bookmark: _Toc117000704]6	Study for beam correspondence
[bookmark: _Toc117000705]6.1	General
3GPP defined 5G NR Frequency Range 2 bands with huge bandwidths which can cater 5G NR use cases requiring higher data rates. However, these bands are also subject to challenging propagating conditions such as high path loss, absorption from the environment, penetration losses to name a few. To overcome these, beam management procedures have been defined in 3GPP and beam correspondence is one of the main aspects of beam management. Beam correspondence is the ability of the UE to determine its uplink transmit beam based on downlink measurements on one or more Rx beams. UE beam correspondence functionality for RRC_CONNECTED, RRC_INACTIVE and initial access in IDLE have already been specified in the RAN1 and RAN2 specifications in Release 15 but FR2 UE beam correspondence requirements have not yet been defined for RRC_INACTIVE and initial access in IDLE. 
Without UE beam correspondence requirements for initial access and RRC_INACTIVE it is not possible to ensure good UE Random access Msg1/Msg A performance and uplink coverage in FR2 deployments due to varying UE performances.
Rel-15 RRC_INACTIVE and Rel-17 Small data transmission (SDT) have a large potential in UE power efficiency, latency and signalling overhead reduction. RRC_INACTIVE allows for reduced latency and UE power saving, while SDT further enhances this for small data sessions. Considering that UE power savings are especially important for successful FR2 operations and good end-user experience, it would be important that the networks could efficiently utilize RRC_INACTIVE and Small Data Transmissions for FR2 as well. 
Small data transmission procedures have been defined in 3GPP Rel-17 for SDT-RA for both two step and four step RA during RRC Inactive with a view of providing power saving opportunities and reducing overhead signaling. Without well performing UE beam correspondence support, wide usage of RRC_INACTIVE and Small Data Transmission may not be feasible in practical FR2 deployments. To enable efficient use of RRC_INACTIVE and Small Data Transmission in FR2 deployments to save UE power with reasonable latencies it is important to develop FR2 UE beam correspondence requirements for RRC_INACTIVE in Rel-18.

 
6.2	Implementation impact to UE 

6.3	Specification Impact
[bookmark: _Toc117000708]6.3.1	RF
In RRC connected state, beam correspondence requirement is considered as fulfilled if the UE meets the corresponding minimum peak EIRP and spherical coverage requirement for that power class with its chosen UL beams with or without relying on uplink beam sweeping. Beam correspondence tolerance requirement could also be considered for UE supporting beam management relying on UL beam sweeping. 
While in initial access and RRC_INACTIVE state, UL beam sweeping is not available. UE shall support beam correspondence without uplink beam sweeping. 
RAN4 discussion is mainly focused on minimum peak EIRP and spherical coverage requirement for beam correspondence in initial access and RRC_INACTIVE state in R18. Since the UE behavior for beam management in initial access, RA-SDT and CG-SDT in RRC_INACTIVE state is the same, common set of beam correspondence requirement can be defined to well accommodate these scenarios. To save test effort, the beam correspondence requirement only needs to be tested for initial access based on Msg1 which is thought to be the most critical scenario. 
1. [bookmark: MCCQCTEMPBM_00000042]Minimum peak EIRP
TBA later
2. Spherical coverage requirement at 50%-tile
TBA later
Minimum peak EIRP
Rel-17 RAN1 studies have identified PRACH as a bottleneck uplink channel. This is the main motivation for introduction of Rel-18 PRACH repetitions. Hence, use of a narrow beam for msg1 will increase the likelihood of a UE successfully connecting to the network during initial access especially at cell edge without having to resort to PRACH repetitions. 
UEs in INACTIVE mode can also perform small Data transmissions (SDT). In case of CG-SDT, the UE will be transmitting data using preconfigured CG PUSCH resources. Similarly, in the case of RA-SDT in INACTIVE, the UE has a payload to transmit. When a UE in INACTIVE mode, fails to transmit data via the SDT procedure because it cannot connect to the network, it falls back to the RRC_CONNECTED mode. Doing so will mean that the power saving gains which were envisioned by implementing this feature are lost. 
Hence minimum peak EIRP requirements have to be defined for all cases i.e IA, RA-SDT and CG-SDT and since the consequences of a UE failing either of these cases increases the likelihood of PRACH re-transmissions in case of IA and transition to CONNECTED mode in case of SDT, it is important that the minimum peak EIRP requirements are kept same as those of CONNECTED mode 
Spherical coverage requirement at 50%-tile
It has been agreed in 3GPP RAN4 to specify the same spherical coverage requirements for IDLE and INACTIVE mode as currently defined in RRC_CONNECTED mode.

6.3.2	RRM
 There are no RRM requirements for beam correspondence in IDLE and INACTIVE.
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