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[bookmark: _Toc116995841]Introduction
The Rel-18 NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 WI include 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#106, 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
· WF:
· Option 1: Do not specify the min peak EIRP requirements + 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
(Encourage companies to provide the simulation/test results to show the need to reduce the requirement or exclude the requirement.)
Sub-topic 1-2 RAR
· Proposal
· 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. 
· WF
· FFS
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 
· WF
· Focus on msg1 requirement first. Then, discuss msgA later 
Sub-topic 1-4 requirement scenario (IA, RA-SDT, CG-SDT)
· Proposals
· 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 1b: Core requirement is specified for each case, IA, RA-SDT and CG-SDT.
· Option 2: Core requirement is only introduced to initial access.
· WF
· FFS

Sub-topic 1-5 BC tolerance
· Proposal
· Option 1: BC tolerance is applicable.
· Option 1a: The same as Rel-16. 
· Option 1b: New tolerance is introduced.
· Option 1b-1: New tolerance for long/short DRX scenarios needs to be clear. 
· Option 1b-2: a beam correspondence tolerance X dB can be defined for IA, and the tolerance is applicable
· 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.
· WF
· Focus on msg1 requirement first. Then, discuss whether BC tolerance is needed later
Sub-topic 1-6 UE capability
· In RAN4#105, it was agreed that no new UE capability for beam correspondence is introduced. 
· In RAN4#106, there is a following proposal on existing UE capability.
· Proposals
· Option 1: Only the UE support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 is considered can support msg1 beam correspondence. 
· Option 2: 
· WF
· FFS

Sub-topic 1-7 side conditions
· 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. 
· WF
· Focus on msg1 requirement first.



Minimum peak EIRP
In meeting RAN4#106, it was proposed by some companies to not define minimum peak EIRP requirements for IDLE mode since the UE has already been tested in RRC_CONNECTED mode for the same. 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: _Toc131577494]Minimum peak EIRP in RRC_CONNECTED mode is tested via closed loop power control method. 

[bookmark: _Toc131577495]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: _Toc131577496]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: _Toc131577497]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: _Toc131577498]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: _Toc131577499]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: _Toc131577500]UE minimum peak EIRP requirements for msg1 will be the same as RRC_CONNECTED mode.
Requirement scenario (IA, RA-SDT, CG-SDT)
There are two types of Random-Access procedures defined i.e. the legacy 4 step RA and the Rel-16 2-step RA procedure. The two step Random Access procedure differs from the 4 step in that the msgA of 2 step RA is a combination of the 4 step RA msg1 and msg3. 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 for RA-SDT for both two step and four step during RRC Inactive with a view of providing power saving opportunities and reducing overhead signaling. 
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. Similarly, in the case of RA-SDT in INACTIVE, msgA has a payload to transmit and hence minimum peak EIRP requirements have to be defined for msgA as well in case of Small data transmissions.
[bookmark: _Toc131577501]UE in RRC_INACTIVE may have to perform Small data transmissions which are of two types: 2 step RA-SDT and 4 step RA-SDT

[bookmark: _Toc131577502]2 step RA-SDT means the UE will send msgA which has a payload to transmit.
[bookmark: _Toc131577503]Minimum peak EIRP requirement have to be defined for msgA in RA-SDT, CG-SDT and the values will be same as those defined for RRC_CONNECTED 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: _Toc131577504]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.

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

Observation 1: Minimum peak EIRP in RRC_CONNECTED mode is tested via closed loop power control method.
Observation 2: 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 3: 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 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.
Proposal 2: UE minimum peak EIRP requirements need to be defined for msg1 in IDLE and INACTIVE modes.
Observation 4: 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 3: UE minimum peak EIRP requirements for msg1 will be the same as RRC_CONNECTED mode.
Observation 5: UE in RRC_INACTIVE may have to perform Small data transmissions which are of two types: 2 step RA-SDT and 4 step RA-SDT
Observation 6: 2 step RA-SDT means the UE will send msgA which has a payload to transmit.
Proposal 4: Minimum peak EIRP requirement have to be defined for msgA in RA-SDT, CG-SDT and the values will be same as those defined for RRC_CONNECTED mode.
Proposal 5: 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 have huge bandwidths which can cater to 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. 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 of its receive (Rx) beams. UE beam correspondence functionality for RRC_CONNECTED, RRC_INACTIVE and initial access in IDLE have been specified in the RAN1 and RAN2 specifications already 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 RRC_INACTIVE and initial access it is not possible to ensure good UE Random access msg1/msgA 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 signaling 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
Beam correspondence RF requirements are defined in TS 38.101-2. 
Two of the main parameters that need to be defined for UE beam correspondence in terms of RF requirements are minimum peak EIRP and EIRP spherical coverage.  The beam coverage spherical coverage requirements for IDLE and INACTIVE modes have been agreed to be defined same as RRC_CONNECTED mode.
One of the characteristics of 5G NR beam management procedures is using highly directive beams hence requiring beam alignment between the UE and the base station. In FR2, the UE uses the beam refinement procedure to have narrow highly directive beams towards the gNodeB thereby increasing the uplink coverage. In the IDLE as well as INACTIVE mode, as discussed in Section 6.2, the UE can use the TRS to refine its beams without affecting the overall time to access the network. 
In the INACTIVE mode, the UE is capable of performing Small data transmissions (SDT). SDT procedures as defined in 3GPP Rel-17 can be of three types (2 step RA SDT, 4 step RA SDT and CG SDT). The 2 step RA SDT procedure requires the msgA to transmit the payload along with the preamble. 
In such case, it is important to define EIRP requirements for IDLE and INACTIVE modes. Given the fact that in IDLE and INACTIVE modes, the UE has reference signals available to refine its beams and in case of 2 step RA- SDT the UE will transmit a payload in msgA, the EIRP requirements can be kept same as that in RRC_CONNECTED mode.

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