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1. 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#104, we concluded on three topics in the WF. In this contribution we deal with the second topic: 

	Sub-topic 2: UE beam type and DRX implications in Rel-18 Inactive Beam Correspondence 

Way forward/Agreement: 
None 
  
Way forward/FFS: 
· FFS: How beam refinement may work in RRC_INACTIVE (RA-SDT and CG-SDT) and initial access 
· [bookmark: _Hlk113543393]FFS: Discuss the impact of fine beam vs rough beam for UE UL Tx beam on the test(s) 
· [bookmark: _Hlk113543873]FFS: Discuss if the refinement is the same as Rel-16 SSB only case 
· [bookmark: _Hlk113543910]FFS: Whether the peak EIRP the same as Rel-16 SSB only case achieved. 
· FFS: Discuss DRX implications on UE beam refinement and on BC accuracy 




2. Beam refinement in RRC_INACTIVE (RA-SDT and CG-SDT) and initial access 
In IDLE and INACTIVE mode, SSB signals are the only means of measurements for the UE. For a UE to do beam refinement in IDLE and INACTIVE modes, it needs to measure on the SSB signals. This means that purely SSB based tests for beam correspondence need to be introduced. 
The existing SSB test configurations in TS 38.133 for FR2 have been defined with a periodicity of 20 ms and 2 SSB beams which are not sufficient to provide meaningful results for UE beam refinement procedures. The UE may have e.g., 3 panels, each with the ability to refine its beams e.g., by a factor 4. Hence, we propose to either increase the SSB periodicity or increase the number of SSB beams for SSB based beam correspondence tests in order to enable UE to refine its beams and speed up test procedure.
Observation 1: Beam correspondence tests in the IDLE and INACTIVE modes need to be based solely on SSB reference signals
Observation 2: Existing SSB test configurations do not have enough samples to provide meaningful measurements for beam refinement procedures
Proposal 1: Introduce purely SSB based tests for beam correspondence in IDLE and INACTIVE modes
Proposal 2: Increase the SSB periodicity or increase the number of SSB beams for SSB based beam correspondence tests in IDLE/INACTIVE modes.
3. Impact of fine beam vs rough beam for UE UL Tx beam during testing
[bookmark: _Int_TXiYF4ft] During a Random access procedure, it may be that the UE uses both, the rough as well as fine beams during power ramping steps, if UE is power limited. As an example, will the UE first transmit a broad beam and when RAR is not received, the UE in subsequent RA attempts will have narrower and narrower beams as long as the preambleTransMax value has not been exceeded?
Observation 3:  It should be further discussed whether UE beam switches from broad beam to narrow beam during RA procedure with power ramping and large preambleTransMax values.
In the scope of WID, msg1 spherical coverage (at least) is verified for initial access, i.e., peak EIRP may not be considered. The beam refinement affects the EIRP spherical coverage (as it does for min peak EIRP).
An example of UE simulated at 28 GHz (band n257) with 1x4 array placed on the side of a smart phone in free space (no user presence) is simulated in Figure 1 to show the EIRP coverage curves. In this example, the current requirements of 11.5 dBm EIRP at 50MHz CBW and at 50%-ile is represented with the grey box. The blue and red curves represent the simulated spherical coverage of a UE with a broad beam or a single narrow beam. The blue curve represents the single narrow beam while the red curve represents the broad beam. It is assumed that the PA deliver 23 dBm power to the antenna array and that the antenna array has a 6 dB antenna implementation loss. The broad beam is generated with a single element activation of the array, i.e., about 90 degrees radiation pattern in the azimuthal plane.

[image: ] [image: ]
                     Figure 1: EIRP spherical coverage for a broad beam or a single narrow beam.                               Figure 2: EIRP spherical coverage for envelope of narrow beam
Observation 4: EIRP spherical coverage is sensitive to beam refinement.    
4. BC refinement is the same as Rel-16 SSB only case
In the IDLE and INACTIVE modes which are essentially power saving modes, the UE will have longer DRX cycles.  To have accurate beam refinement in these modes, the implications of having the longer DRX cycles needs to be considered. 
Proposal 3: Beam correspondence requirements in IDLE and INACTIVE modes need to consider the implications of longer DRX cycles in these modes
5. DRX implications on UE beam refinement and on BC accuracy 
DRX cycles can be either long or short with short DRX cycles ranging from 2ms to 640ms while long DRX cycles ranging upto 10240 ms. RRC_INACTIVE state and RRC_IDLE states (where initial access is done) are UE power saving modes where typically longer DRX cycles are also used. This means that UE measurements including DL measurements for beam correspondence may be less frequent than in RRC_CONNECTED due to DRX operations. 
In the INACTIVE state, the UE can perform Small Data Transmissions (SDT). Small Data transmissions in INACTIVE mode can be of three types; namely: 2 step RA SDT, 4 Step RA SDT and CG-SDT.  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. To ensure that UE can perform beam correspondence in practical deployments for SDT in RRC_INACTIVE and initial access in IDLE mode it is important to define requirements and related test cases with DRX operations in the requirements and test cases.
Observation 5: Short or long DRX cycles can last up to 640 and 10240 ms respectively. RRC_INACTIVE and RRC_IDLE states typically use longer DRX cycles
 Proposal 4: Define UE beam correspondence requirements for RRC_INACTIVE and IDLE mode considering DRX cycles as well as SDT types to ensure that UE beam correspondence is accurate in these UE power saving modes.
6. Peak EIRP the same as Rel-16 SSB only case achieved
For INACTIVE and IDLE modes, we propose to define spherical coverage requirements initially and consider other requirements like minimum peak EIRP requirements only after completing spherical coverage requirements
Proposal 5: Start with spherical coverage requirements initially.
7. Conclusions
In this contribution we have continued discussion on Rel-18 UE beam correspondence requirements for RRC_INACTIVE and initial access focusing of UE beam type and DRX implications in Rel-18 Inactive Beam Correspondence. In the contribution we make the following observations and proposals:

Observation 1: Beam correspondence tests in the IDLE and INACTIVE modes need to be based solely on SSB reference signals
Observation 2: Existing SSB test configurations do not have enough samples to provide meaningful measurements for beam refinement procedures
Observation 3: During RA procedure, UE beam may switch from broad beam to narrow beam with power ramping and large preambleTransMax values?
Observation 4: EIRP spherical coverage is sensitive to beam refinement. 
Observation 5:  Short or long DRX cycles can last up to 640 and 10240 ms respectively. RRC_INACTIVE and RRC_IDLE states typically use longer DRX cycles
Proposal 1: Introduce purely SSB based tests for beam correspondence in IDLE and INACTIVE modes
Proposal 2: Increase the SSB periodicity or increase the number of SSB beams for SSB based beam correspondence tests.
Proposal 3: Beam refinement requirements in IDLE and INACTIVE modes need to consider the implications of longer DRX cycles in these modes
Proposal 4: Define UE beam correspondence requirements for RRC_INACTIVE and IDLE mode considering DRX cycles as well as SDT types to ensure that UE beam correspondence is accurate in these UE power saving modes.
Proposal 5: Start with spherical coverage requirements initially.
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