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1. 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).




2. In RAN4#105, we conclude on three topics in the WF. In this contribution we deal with the second topic: 

	[bookmark: _Hlk118276651]Topic #2: BC Requirement
[bookmark: _Hlk125010858]Sub-topic 2-1 Minimum peak EIRP and spherical coverage
Issue 2-1-1: minimum peak EIRP
· WF
· Option 1: min peak EIRP is included. 
· Option 1a: EIRP is the same as RRC_CONNECTED
· Option 1b: EIRP is lower in initial access and RRC_INACTIVE
· Option 2: min peak EIRP is not included. 

Issue 2-1-2: EIRP spherical coverage requirement for msg1

Way forward/Agreements:
· Agree that spherical coverage %-tile for PC3 is the same as connected, i.e., 50%-tile.
· Discuss if Min EIRP at 50% is the same level as connected or relaxed from connected.

Sub-topic 2-2 RAR
Issue 2-2: RAR
· Proposal
· Option 1: RAR is included. 
· Option 2: RAR is not included.
· WF
· Focus on msg1 requirement first. Then, discuss RAR later 
Sub-topic 2-3 msg3
Issue 2-3: msg3
· Proposals
· Option 1: msg3 is included.
· Option 2: msg3 is not included.
· WF
· Option 2
Sub-topic 2-4 msgA
Issue 2-4: 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 2-5 applicability of Rel-16 SSB BC requirement
Issue 2-5: applicability of Rel-16 SSB BC requirement
· Proposals
· Option 1: Applicable to IA, RA-SDT, and CG-SDT.
· Option 2: Not applicable.
· WF
· No further discussion. Discuss each requirement individually if it is agreed to specify.
[bookmark: _Hlk125359482]Sub-topic 2-6 requirement scenario (IA, RA-SDT, CG-SDT)
Issue 2-6: requirement scenario
· WF
· 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.
Void
Sub-topic 2-8 BC tolerance
Issue 2-8: 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 2: BC tolerance is not applicable.
· WF
· Focus on msg1 requirement first. Then, discuss whether BC tolerance is needed later
Sub-topic 2-9 UE capability
· WF
· No new UE capability for beam correspondence is introduced. 
Sub-topic 2-10 side conditions
· WF
· FFS: further study the side condition.




3. Spherical Coverage
An example of UE simulated at 28 GHz (band n257) with 1x4 array placed on the side of a smartphone in free space (no user presence) is simulated in Figure 1 to show the EIRP coverage curves. 
[image: ]
Figure 1: EIRP spherical coverage for envelope of narrow beams

In this example, the current requirements of 11.5 dBm EIRP at 50MHz CBW and at 50%-ile is represented with the grey box. In Figure 1, the blue curve represents the envelope of narrow beams with a single panel with 4 elements active. It is assumed that the PA delivers 23 dBm power to the antenna array and that the antenna array has a 6 dB antenna implementation loss. As illustrated above, the EIRP spherical coverage requirements can be easily achieved at 50%.  Hence, we see no immediate need for reducing the spherical coverage requirements.
Observation 1: Taking RRC_CONNECTED mode minimum peak EIRP and spherical coverage requirements as a baseline, simulations indicate that the UE can easily achieve these values. 
Proposal 1: Spherical coverage requirements for IDLE and INACTIVE can be kept at 50%-ile.
4. Minimum peak EIRP
In IDLE and INACTIVE modes, the peak EIRP of the UEs will be tested by means of the Random Access procedures. 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 2-step Random Access procedure differs from the 4-step in that the msgA of the 2-step RA is a combination of the 4-step RA msg1 and msg3. 

[image: 4-Step RA]                           [image: ]
Figure 2: 4-step RACH (left) and 2-step RACH (right)

Given the differences between the two Random Access types in terms of payload being carried, there has to be a differentiation in the requirements as well. In case relaxation is required for min peak EIRP in IDLE and INACTIVE modes, these can be for the msg-1 of 4-step Random Access procedure. The minimum peak EIRP of the 2-step Random Access procedure should have the same values as the minimum peak EIRP of the RRC_CONNECTED mode.
Hence, we propose that the minimum peak EIRP for msg-A of 2-step Random Access procedure in IDLE and INACTIVE needs to be the same as RRC_CONNECTED.
Observation 2: 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 2-step Random Access procedure differs from the 4-step in that the msgA of the 2-step RA is a combination of the 4-step RA msg1 and msg3. Given the differences between the two Random Access types in terms of payload being carried, there is a clear need for differentiation in the EIRP requirements as well.
Proposal 2: The minimum peak EIRP for msgA- of 2-step Random Access procedure in IDLE and INACTIVE should keep the same requirements as RRC_CONNECTED mode while msg1 may be lower.
5. Requirement Scenario
The IDLE and INACTIVE mode support 2-step RA, 4-step RA and SDT in INACTIVE mode. As discussed in the earlier section of this paper, the Random-Access types differ in terms of the additional payload that msgA has to carry viz a viz the msg1. Similarly, in the INACTIVE state, in addition to the random access types already discussed, 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 2-step and 4-step during RRC Inactive with a view of providing power saving opportunities and reducing overhead signalling. 
Given below is a simulation analysis carried out on the SDT performance for FR1, we assume the gains are comparatively the same for FR2 as well since they relate mostly to transmissions in 4-step versus 2-step RACH procedures.

[image: ] 
Figure 3: UE energy consumption for SDT depending on UL procedure

	As indicated in Figure 3, the power savings are significantly higher in SDT transmissions when a CG-SDT or a 2-step RACH procedure is used. Nonetheless, if the UE cannot guarantee BC for RRC-Inactive, then SDT may not be practically usable which in turn will defeat the very purpose for which SDT was defined i.e : to achieve significant gains in UE energy efficiency.
Hence, we propose to address these scenarios for beam correspondence in RRC_INACTIVE mode and define the requirements based on the consequences of the UE being unable to do beam correspondence in each of the scenarios. For example, as already stated, the UE in msgA for a 2-step RA SDT will have a payload to transmit and hence the requirements for this case need to be stricter than others. 
Observation 3: The IDLE and INACTIVE mode support 2-step RA, 4-step RA and SDT in INACTIVE mode. Small data transmission procedures have been defined in 3GPP Rel-17 for RA-SDT for both 2-step and 4-step during RRC Inactive with a view of providing power saving opportunities and reducing overhead signalling. If the UE cannot guarantee BC for RRC-Inactive, then SDT may not be practically usable which in turn will defeat the very purpose for which SDT was defined i.e : to achieve significant gains in UE energy efficiency.
Requirements for RA-SDT and CG-SDT scenarios in terms of beam correspondence need to be defined. The level of relaxation provided have to be based on the consequences of the UE being unable to do beam correspondence in each of the scenarios. For example, as already stated, the UE in msgA for a 2-step RA SDT will have a payload to transmit and hence the requirements for this case need to be stricter than others. 
Proposal 3: Requirements for RA-SDT scenarios in terms of beam correspondence need to be defined.

In the IDLE and INACTIVE modes which are essentially power saving modes, the UE will have longer DRX cycles given the fact that these are essentially power saving states. This means that UE measurements including DL measurements for beam correspondence may be less frequent than in RRC_CONNECTED due to DRX operations. During the long periods of DRX where the UE could relax its measurements, the UE could experience varying radio conditions, change in multi-path propagation, line of sight, change in Angle of arrival (AoA) owing to UE rotation. The longer the length of the cycle, the more the chances of the above-mentioned variations. These will likely account for the UE selecting a sub-optimal panel and being out of sync. 

Observation 4: UE in IDLE and INACTIVE states will have long DRX cycles where it could relax its measurements. This could in turn result in the UE selecting a sub-optimal panel and being out-of-sync since the UE could experience varying radio conditions, change in AoA due to UE rotation to name a few.
As stated earlier, the INACTIVE state also supports SDT of three different types with CG-SDT providing the highest gains in terms of UE energy efficiency.  Practical deployments of RRC_INACTIVE and SDT in NR FR2 networks are not feasible without beam correspondence requirements for RRC_INACTIVE and SDT as the network may not receive UL data sufficiently well, especially if UE may relax the measurements during power saving operations and states using DRX. In case the UE has to perform Small Data Transmissions (SDT) in the inactive state accurate beam correspondence measurements are required for successful transmissions. To account for this, it would be optimal to define the beam correspondence requirements in line with the duration of the DRX cycle.
Proposal 4: When defining requirements for  CG-SDT and RA-SDT scenarios in terms of beam correspondence, the effect of DRX cycles on beam correspondence needs to be factored in given the loss of UE energy efficiency gains in case beam correspondence cannot be done due to UE not having enough time to select an optimal panel and refine its beams.

6. Beam Correspondence side conditions
3GPP specification TS 38.101-2, Section 6.6.4.3.1 has defined side conditions for beam correspondence in RRC_CONNECTED mode. For the current Rel-18, since in IDLE and INACTIVE, SSB is the only means of measurement for the UE, SSB-based L1-RSRP measurement conditions will no longer be a side condition that will be applied based on certain criteria. Instead, these will be the main conditions to be fulfilled in INACTIVE and IDLE. 
[bookmark: _Hlk78804518]It has already been established in the earlier section that beam correspondence requirements need to be differentiated based on the Random Access type as well as the Small Data transmissions in the INACTIVE mode. SDT is enabled on a radio bearer basis and is initiated by the UE only if less than a configured amount of UL data awaits transmission across all radio bearers for which SDT is enabled, the DL RSRP is above a configured threshold, and a valid SDT resource is available. 
In case of a 2-step random access, the UE may not have enough power head room while transmitting MsgA due to the payload as compared to Msg1. 
Hence, we propose to have same values as RRC_CONNECTED for msg 1 in case of 4-step Random Access and 3 dB stricter requirements in case of 2-step Random Access. A similar classification needs to be defined for the SDT procedures as well.
Observation 5: Beam correspondence requirements need to be differentiated based on the Random Access type as well as the Small Data transmissions in the INACTIVE mode. SDT is enabled on a radio bearer basis and is initiated by the UE only if less than a configured amount of UL data awaits transmission across all radio bearers for which SDT is enabled, the DL RSRP is above a configured threshold, and a valid SDT resource is available.  In case of a 2-step random access, the UE may not have enough power head room while transmitting MsgA due to the payload as compared to Msg1.
Proposal 5: 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.

7. Conclusions
In this contribution we have continued discussion on Rel-18 UE beam correspondence requirements for RRC_INACTIVE and initial access. In the contribution we make the following observations and proposals:
[bookmark: _Hlk110695870]Observation 1: Taking RRC_CONNECTED mode minimum peak EIRP and spherical coverage requirements as a baseline, simulations indicate that the UE can easily achieve these values. 
Proposal 1: Spherical coverage requirements for IDLE and INACTIVE can be kept at 50%-ile.
Observation 2: 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 2-step Random Access procedure differs from the 4-step in that the msgA of the 2-step RA is a combination of the 4-step RA msg1 and msg3. Given the differences between the two Random Access types in terms of payload being carried, there is a clear need for differentiation in the EIRP requirements as well.
Proposal 2: The minimum peak EIRP for msgA of 2-step Random Access procedure in IDLE and INACTIVE should keep the same requirements than RRC_CONNECTED mode while msg1 may be lower.
Observation 3: The IDLE and INACTIVE mode support 2-step RA, 4-step RA and SDT in INACTIVE mode. Small data transmission procedures have been defined in 3GPP Rel-17 for RA-SDT for both 2-step and 4-step as well as CG-SDT during RRC Inactive with a view of providing power saving opportunities and reducing overhead signalling. If the UE cannot guarantee BC for RRC-Inactive, then SDT may not be practically usable which in turn will defeat the very purpose for which SDT was defined i.e., to achieve significant gains in UE energy efficiency.
Proposal 3: Requirements for RA-SDT scenarios in terms of beam correspondence need to be defined.
Observation 4: UE in IDLE and INACTIVE states will have long DRX cycles where it could relax its measurements. This could in turn result in the UE selecting a sub-optimal panel and being out-of-sync since the UE could experience varying radio conditions, change in AoA due to UE rotation to name a few.
Proposal 4: When defining requirements for  CG-SDT and RA-SDT scenarios in terms of beam correspondence, the effect of DRX cycles on beam correspondence needs to be factored in given the loss of UE energy efficiency gains in case beam correspondence cannot be done due to UE not having enough time to select an optimal panel and refine its beams.
Observation 5: Beam correspondence requirements need to be differentiated based on the Random Access type as well as the Small Data transmissions in the INACTIVE mode. SDT is enabled on a radio bearer basis and is initiated by the UE only if less than a configured amount of UL data awaits transmission across all radio bearers for which SDT is enabled, the DL RSRP is above a configured threshold, and a valid SDT resource is available.  In case of a 2-step random access, the UE may not have enough power head room while transmitting MsgA due to the payload as compared to Msg1.
Proposal 5: 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.
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