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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 [1]. 

	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 [2]. In this contribution we deal with the third topic: 

	[bookmark: _Hlk118276651]Topic #3: Test Issues
Sub-topic 3-1 Feasibility to achieve maximum output power
Issue 3-1-1: BC can be verified with well-defined parameters already available from legacy releases.
· WF
· Option 1: Feasible by holding RAR.
· Option 2: Feasible already from the first preamble. 
· Option 3:  The detail of how to enable the UE to transmit at max. output power is left to RAN5. 
 
Issue 3-1-2: whether new test functionality is needed?
· WF
· Option 1: Introduce a beam lock function to RRC_INACTIVE and initial access.
· Option 1a: Ask RAN5 the feasibility of beam lock function
· Option 2: Introduced a new RA response timer.
· Option 3: If a beam lock function is not feasible, consider how to guarantee zero P-MPR during tests for BC requirements for RRC_INACTIVE and initial access for Issue 3-1-2
· Option 4: No new test functionality is needed
· [bookmark: _Hlk124174285]Sub-topic 3-2 Test scenario
Issue 3-2: Test scenario
· WF
· Option 1: A new test scenario with short/long DRX to trigger SDT mode in RRC_INACTIVE is introduced
· Option 2: A new test scenario with short/long DRX to trigger SDT mode in RRC_INACTIVE is not introduced
· Sub-topic 3-3 Polarization aspects
[bookmark: _Hlk124251953]Issue 3-3: Polarization aspects
· WF
· Option 1: Testability limitation on polarization aspect shall be addressed
· Option 1a: EIRP compensation according to R4-2218559
· Option 1b: Separate communication and measurement antenna
· Option 2: No need or other solutions
· Sub-topic 3-4 PRACH requirement verification
· WF
· FFS: further study the PRACH requirement related to beamlock in Rel-15




3. Feasibility to achieve maximum output power
In the earlier meeting, it was proposed [3] that UE can achieve maximum power during initial access in the first preamble itself via well-defined parameter settings. If this can be achieved, then it will reduce the test time. However, it is preferable to have the correct SSB power broadcasted in agreement with the actual power that is used to avoid malfunction in the test environment. Holding the RAR to help the UE achieve maximum power during tests for beam correspondence in IDLE and INACTIVE is one way of UE to achieve maximum output power. However, to help the UE attain maximum power faster, the parameters for the Random-access procedure should be set such that the interim steps are reduced. 
Proposal 1: The UE can achieve maximum power during the Random-access procedure by holding the RAR. The interim steps for the UE to achieve maximum power can be reduced by well-defined parameters used for the Random-access power ramping. This will reduce the overall time the UE needs to achieve maximum power.

4. New test functionality 
During the testing procedure, once the UE achieves maximum power and exhausts the maximum number of retransmissions it may declare a Random-access failure and restart the Random-access procedure all over again.
UE will declare a Random-Access failure when it doesn’t receive a RAR from the System simulator within preambleTransMax value attempts and the ra-ResponseWindow.
The current value of the ra-ResponseWindow can be a maximum of 80 slots which for FR2 assuming 120 KHz SCS translates into 10 ms. During this time, it can be expected that the UE doesn’t change its beam direction while waiting for the RAR. 
Introduction of the BEAMLOCK function in IDLE and INACTIVE in case RAN 5 finds it feasible to do so would be optimal.  However, since the UE under test in IDLE will be transmitting the msg1/msgA of the Random-access procedure and the intent is to measure the minimum peak EIRP of its transmit beam during this process, as per current methods available there is no way the System Simulator can send a BEAMLOCK message to the UE. So, in case it is agreed to define a BEAMLOCK function for IDLE/INACTIVE modes, this aspect also needs to be considered.
Observation 1: Beam lock is unavailable for IDLE/INACTIVE UEs.
Since the BEAMLOCK function is currently unavailable in IDLE and INACTIVE modes it is expected that test measurements such as minimum peak EIRP will be carried out when the UE has achieved maximum power and is waiting for the RAR. However, as pointed out earlier, the RAR response window can be currently set to 10ms which is insufficient to carry out measurements. 
In such a scenario the other option is to propose to increase the RA response window to a longer duration of time such that meaningful test measurements can be carried out. If it is decided that UE can achieve maximum power by withholding RAR and using the power ramping procedure, then as illustrated below having a long ra-ResponseWindow will increase wait time for each interim step thereby adding to the total test time.
Observation 2: Withholding RAR and using the power ramping procedure (i.e., having a long ra-ResponseWindow) will increase wait time for each interim step thereby adding to the total test time.




Figure 1: Total test time with legacy procedure
Using a ra-ResponseWindow timer (example: ra-ResponseWindow-test) only valid for the last preamble transmission will reduce test time, as shown in Figure 2. 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. This will also ensure that the entire test time is not unnecessarily prolonged. 
Proposal 2: Using a ra-ResponseWindow timer only for the last preamble transmission to reduce test time.

 
Figure 2: Total test time with new timer
As illustrated in figure 1 and 2, assuming the ra-ResponseWindow timer is set to a really long value such as 180s, the total test time will be 12 minutes using the existing timers. However, if an additional ra-ResponseWindow timer valid only for the last preamble transmission is introduced, taking the same value and number of steps as in figure 1, the total test time will be 3 mins 30 ms. This is a significant reduction in test time.
Introduction of BEAMLOCK function in IDLE and INACTIVE modes will address the testing issues. The BEAMLOCK function has been defined only in the CONNECTED mode today. Here, as described in Section 4.9.2.1 of TS 38.501-1, the System Simulator requests the UE to activate the BEAMLOCK function.  Having a similar process of BEAMLOCK activation, even after BEAMLOCK is defined for IDLE and INACTIVE modes is not possible as the UE is not in RRC_CONNECTED mode and the System Simulator has no way of sending this message to the UE.
Observation 3: When UE is not in RRC_CONNECTED mode the System Simulator has no way of sending BEAMLOCK message to the UE.
Proposal 3: In case RAN5 finds it feasible to define a BEAMLOCK function for IDLE/INACTIVE modes, how the System simulator can communicate/ instruct the UE to lock its beam during the Random-access procedure needs to be further studied.

5. Test scenario
IDLE and INACTIVE modes are essentially power saving states where the UE will be in DRX for relatively longer periods of time as compared to CONNECTED mode. INACTIVE state also supports Small data transmissions (SDT) which have been introduced with the intent to reduce UE transitions to CONNECTED mode. RA-SDT can be of 2 types, i.e : 2-step RA SDT and 4-step RA SDT. The former has a payload to transmit in msg A while latter transmits the payload in msg3. 
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 cannot know and trust that UEs will perform sufficiently well especially as UEs typically relax their measurements during power saving operations and states using DRX. 
DL reference signal measurements like SSB measurements are needed for beam correspondence and for defining correct direction for UL transmission. If the direction of UE’s UL transmission is not accurate and transmit power is not sufficient, the network is not able to receive UE’s UL signal correctly in RRC_INACTIVE and with small data transmissions especially at cell edge areas. On the other hand if the UE is required to make DL reference signal measurements like SSB measurements in RRC_INACTIVE as frequently as in RRC_CONNECTED, the UE is not able to obtain power saving opportunities, which RRC_ACTIVE state operations could provide and are planned to provide. DRX operations typically allow UEs to sleep and thus, not perform measurements or other reception except during active time of the DRX period, In this way UE can achieve significant power savings. The longer the DRX cycles, the less frequently UE needs to perform measurements like cell reselection related measurements and thereby more power saving opportunities there are. The UE typically needs at least 3 SSB bursts (to average over multiple samples) to properly align its beams in the best direction. With longer DRX cycles being prevalent in IDLE and INACTIVE modes, it is important to consider the implications of DRX on SDT and UE behavior during beam correspondence tests. 
[image: ]
Figure 3: UE beam refinement procedure
Observation 4: IDLE and INACTIVE modes are essentially power saving states where the UE will be in DRX for relatively longer periods of time as compared to CONNECTED mode. INACTIVE state also supports Small data transmissions (SDT) which have been introduced with the intent to reduce UE transitions to CONNECTED mode
Observation 5: 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 cannot know and trust that UEs will perform sufficiently well especially as UEs typically relax their measurements during power saving operations and states using DRX.
Proposal 4: During the RA-SDT procedures, the UE has to transmit payload in the msgA or msg3 depending on the type of Random-access procedure it uses for SDT. The UE typically needs at least 3 SSB bursts to properly align its beams in the best direction. With longer DRX cycles being prevalent in IDLE and INACTIVE modes, it is important to consider the implications of DRX on SDT and UE behavior during beam correspondence tests.


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:

Proposal 1: The UE can achieve maximum power during the Random-access procedure by holding the RAR. The interim steps for the UE to achieve maximum power can be reduced by well-defined parameters used for the Random-access power ramping. This will reduce the overall time the UE needs to achieve maximum power.
Observation 1: Beam lock is unavailable for IDLE/INACTIVE UEs.
Observation 2: Withholding RAR and using the power ramping procedure (i.e., having a long ra-ResponseWindow) will increase wait time for each interim step thereby adding to the total test time.
Proposal 2: Using a ra-ResponseWindow timer only for the last preamble transmission to reduce test time.
Observation 3: When UE is not in RRC_CONNECTED mode the System Simulator has no way of sending BEAMLOCK message to the UE.
Proposal 3: In case RAN5 finds it feasible to define a BEAMLOCK function for IDLE/INACTIVE modes, how the System simulator can communicate/ instruct the UE to lock its beam during the Random-access procedure needs to be further studied.
Observation 4: IDLE and INACTIVE modes are essentially power saving states where the UE will be in DRX for relatively longer periods of time as compared to CONNECTED mode. INACTIVE state also supports Small data transmissions (SDT) which have been introduced with the intent to reduce UE transitions to CONNECTED mode
Observation 5: 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 cannot know and trust that UEs will perform sufficiently well especially as UEs typically relax their measurements during power saving operations and states using DRX.
Proposal 4: During the RA-SDT procedures, the UE has to transmit payload in the msgA or msg3 depending on the type of Random-access procedure it uses for SDT. The UE typically needs at least 3 SSB bursts to properly align its beams in the best direction. With longer DRX cycles being prevalent in IDLE and INACTIVE modes, it is important to consider the implications of DRX on SDT and UE behavior during beam correspondence tests.
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