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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).




2. In RAN4#104e, we conclude on three topics in the WF. In this contribution we deal with the third topic: 

	[bookmark: _Hlk118276651]Sub-topic 3: Rel-18 Beam Correspondence Test Issues 
  
Possible options for each sub-topic are listed below but are not limited to them.
[bookmark: _Hlk118195329]<Sub-topic 3-1> Feasibility to achieve maximum output power / New test functionality
<Way forward>: It is encouraged that companies to contribute on how to configure the well-defined parameters to make UE to transmit at the maximum output power. It is also encouraged if there is any test issue to verify beam correspondence in initial access and RRC_IDLE and if a new test functionality is required.  
· Issue 3-1-1: BC can be verified with well-defined parameters already available from legacy releases.
· Option 1a: Feasible by holding RAR.
· Option 1b: Feasible already from the first preamble.
· Issue 3-1-2: whether new test functionality is needed?
· Option 2a: Introduced a beam lock function to RRC_INACTIVE and initial access.
· Option 2b: Introduced a new RA response timer.
<Sub-topic 3-2> Test scenario
<Way forward>: It is further discussed if new test scenario specific to SDT is introduced.
· Option 1: A new test scenario with short/long DRX to trigger SDT mode in RRC_INACTIVE is introduced.
· Option 2: Existing test scenario from Rel-16 is reused.
<Sub-topic 3-3> Polarization aspects
<Way forward>: It is further discussed whether and how testability issues should be addressed without beam lock function.
· Option 1: Testability limitation on polarization aspect shall be addressed.
· Option 1a: EIRP compensation according to R4-2215702.
· Option 1b: Separate communication and measurement antenna.
Option 2: No need of them  




3. Feasibility to achieve maximum output power / New test functionality
Holding the RAR to achieve UE maximum output power is one way of achieving the UE maximum power for BC tests during IDLE and INACTIVE states. During the Random Access procedure, the UE may declare a RA failure after exhausting the maximum number of transmissions thereby resulting in a Beam change. 
Introducing a BEAMLOCK function for IDLE and INACTIVE modes will be an ideal solution if RAN5 agrees. The Random Access procedure is controlled by certain parameters such as:
preambleTransMax: Max number of RA preamble transmission performed before declaring a failure
ra-ResponseWindow: Msg2 (RAR) window length in number of slots.
powerRampingStep: Power ramping steps for PRACH
preambleReceivedTargetPower: The target power level at the network receiver side

In the interim, given that BEAMLOCK function is unavailable in the IDLE and INACTIVE mode, we propose to, as a part of the Random Access procedure, introduce an additional ra-ResponseWindow timer (example: ra-ResponseWindow-test) which is valid for the last preamble transmission.  Keeping this timer to a sufficiently large value will ensure that the UE keeps its beam waiting for a RAR response from the SS for a long period of time which will enable carrying out subsequent beam correspondence test or other tests as well in IDLE and INACTIVE mode in the absence of the BEAMLOCK function. Since the current motivation for power ramping is to enable the UE to achieve maximum power during testing, the powerRampingStep, preambleReceivedTargetPower, preambleTransMax values can also be scaled to arrive at values such that the number of interim steps for the UE to ramp up power and retransmit is reduced.
The test flow would then be as illustrated below.


Figure 1
Observation 1: Beam lock function is unavailable in IDLE and INACTIVE modes. Holding the RAR to achieve UE maximum output power is one way of achieving the UE maximum power for BC tests during IDLE and INACTIVE states
Observation 2: As an alternative to not having BEAMLOCK in IDLE and INACTIVE, increasing the existing ra-Responsewindow to a large value can be considered. But doing so will also increase the test time as this timer is valid for each step in the power ramping process when the UE waits for the RAR..
Proposal 1: As a part of the Random Access procedure, introduce an additional ra-ResponseWindow timer (example: ra-ResponseWindow-test) which is valid for the last preamble transmission can be explored.  Keeping this timer to a sufficiently large value will ensure that the UE keeps its beam waiting for a RAR response from the SS for a long period of time which will enable carrying out subsequent beam correspondence test or other tests as well in IDLE and INACTIVE mode in the absence of the BEAMLOCK function.
4.       SSB tests for IDLE and INACTIVE
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. 
[image: ]Figure 2: UE beam refinement on SSB
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.
Observation 3: Beam correspondence tests in the IDLE and INACTIVE modes need to be based solely on SSB reference signals. Existing SSB test configurations do not have enough samples to provide meaningful measurements for beam refinement procedures
Proposal 2: Increase the SSB periodicity or increase the number of SSB beams for SSB based beam correspondence tests in IDLE/INACTIVE modes.

5. Test scenarios
The IDLE and INACTIVE mode support 2 step RA, 4 step RA and SDT in INACTIVE mode. These states are also power saving modes and will have long DRX cycles of varying lengths. Small data transmissions have a payload to transmit in msg3 of the 4 step RACH and in msgA of the 2 step RACH. It is important to have tests defined keeping these scenarios in mind.
There are in general 6 categories of RA types in the IDLE and INACTIVE states:
1> 4-step Random access for idle to connected mode transitions
2> 2-step Random access for idle to connected mode transitions
3> 4-step Random access in Inactive for Small Data transmissions
4> 2-step Random access in Inactive for Small Data transmissions
5> 4-step Random access for Inactive to connected mode transitions
6> 2-step Random access for Inactive to connected mode transitions


Testing all the above scenarios will increase the test time. There needs to be an agreement in RAN 4 if long or short DRX will be used for defining the beam correspondence requirements. Once the type of DRX is agreed upon, in order to reduce the test times, we propose to test certain scenarios of the above such as for example: 
a> 2-step Random access in Inactive for Small Data transmissions 
b> 4-step Random access in Inactive for Small Data transmissions 

The proposed grouping is 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. Consequently, a test capturing the likelihood of the UE waking up after either a shorter DRX length or a longer one for a RA SDT in INACTIVE also needs to be captured. 
Observation 4: Inactive and Idle mode have different types of scenarios with some needing higher requirements than others due to e.g., SDT. These also need to factor in DRX. Testing all the scenarios will add to the test time. 
Proposal 3: 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. Consequently, a test capturing the likelihood of the UE waking up after either a shorter DRX length or a longer one for a RA SDT in INACTIVE also needs to be captured. Given that its not practical test all the scenarios, the ones requiring the strictest of all requirements need to be prioritized.

6. Conclusions
In this contribution we have continued discussion on Rel-18 UE beam correspondence requirements for RRC_INACTIVE and initial access focusing of Beam Correspondence Test Issues. In the contribution we make the following observations and proposals:
Observation 1: Beam lock function is unavailable in IDLE and INACTIVE modes. Holding the RAR to achieve UE maximum output power is one way of achieving the UE maximum power for BC tests during IDLE and INACTIVE states
Observation 2: As an alternative to not having BEAMLOCK in IDLE and INACTIVE, increasing the existing ra-Responsewindow to a large value can be considered. But doing so will also increase the test time as this timer is valid for each step in the power ramping process when the UE waits for the RAR..

Observation 3: Beam correspondence tests in the IDLE and INACTIVE modes need to be based solely on SSB reference signals. Existing SSB test configurations do not have enough samples to provide meaningful measurements for beam refinement procedures.
Observation 4: Inactive and Idle mode have different types of scenarios with some needing higher requirements than others due to e.g., SDT. These also need to factor in DRX. Testing all the scenarios will add to the test time. 

Proposal 1: As a part of the Random Access procedure, introduce an additional ra-ResponseWindow timer (example: ra-ResponseWindow-test) which is valid for the last preamble transmission can be explored.  Keeping this timer to a sufficiently large value will ensure that the UE keeps its beam waiting for a RAR response from the SS for a long period of time which will enable carrying out subsequent beam correspondence test or other tests as well in IDLE and INACTIVE mode in the absence of the BEAMLOCK function.

Proposal 2: Increase the SSB periodicity or increase the number of SSB beams for SSB based beam correspondence tests in IDLE/INACTIVE modes.

Proposal 3: 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. Consequently, a test capturing the likelihood of the UE waking up after either a shorter DRX length or a longer one for a RA SDT in INACTIVE also needs to be captured. Given that its not practical test all the scenarios, the ones requiring the strictest of all requirements need to be prioritized.
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