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Background
The BC for IA has been further discussed in RAN4#106 [1], and with aspherical coverage %-tile for PC3 is the same as connected, i.e., 50%-tile. Moreover, three options for core requirement sets have been proposed to be further discussed:
· 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
In this contribution, we further discuss the verification of beam correspondence during initial access (IA) and the RRC_INACTIVE state. In addition, based on the replied LS from RAN5, further analysis on the beam lock function for testability issue has also been provided. 

1. [bookmark: _Hlk8895418]Importance of beam correspondence for initial access.
First, we would like to recall the importance of beam correspondence (BC) for initial access (IA) and the reason for specifying a conformance test. This was first discussed in [2] and then in the follow-up [3], in which it is observed that beam correspondence is critical during the initial access procedure: During initial access, the UE sends MSG1, including the PRACH preamble based on the SSB sequence received. If the beam correspondence is valid, the UE can transmit the MSG1 only on the UL beam it autonomously selected based on the DL measurements. However, without beam correspondence, the UE must repeat the transmission of MSG1 over all UL beams and the switch of the UL beam needs to wait for the next RACH occasion. Depending on the codebook length, a significant delay could occur in the step when MSG1 is transmitted due to the absence or presence of beam correspondence. The analysis above motivates Option 3 (Same as min peak EIRP of RRC_Connected mode + Same spherical coverage as RRC_Connected mode) as proposed in WF [1] above.
In addition, there is no uplink beam management procedure for initial access, and the BC in PRACH can also affect the beam failure recover process since the BFR is basically a PRACH connection, which makes verification of the beam correspondence for initial access at least as important as for connected mode.
1. Msg1 spherical coverage test
To verify the BC requirement for IA access, it has been agreed that at least Msg1 will be tested. The assumption is that compliance with the msg1 spherical coverage requirement implies beam correspondence.
The primary issue with Msg1 spherical coverage test is determining the minimum requirement for Msg1 EIRP level at peak EIRP and spherical coverage. 
According to the agreement made in WF [2], the BC for IA will be defined at maximum output power. Thus, it can be assumed that UE can use all the antenna elements in the IA, which ensures that UE is feasible to form a narrow beam to transmit Msg. 1. 
Observation 1: With maximum output power, it can be assumed that UE can use all the antenna elements in IA and it is feasible to form a narrow beam to transmit Msg1. 
[bookmark: _Hlk115192346]To assist the UE to form a narrow or fine beam during the test, the test equipment can hold the RAR response while transmitting SSB periodically towards the UE under test. According to 38.321, the UE shall increase the preamble_power_ramping_counter and reach the maximum output power. 
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A UE that operates in the beam correspondence manner should always transmit towards the direction of the DL signal, verification of this is the purpose of the test. In the test environment, as the SSB only comes from a single direction at each measurement point, the correct UE behavior should be that the UE increases the EIRP by refining its beam pattern based on the measurement results of SSB while it does not get RAR response from the network. From this aspect, the procedure is similar to the connected mode, where UE can continuously ramp up its uplink power with power control. Thus, we don’t see any issue for UE to form a fine beam for the initial access. 
Observation 2: For a UE that operates in the beam correspondence manner, the correct UE behavior when it does not receive a RAR response is to form a narrow beam towards the direction of the SSB. 
An alternative way to indicate to the UE to transmit with maximum output power and the fine beam is to set a high preamble target received power PREAMBLE_RECEIVED_TARGET_POWER, so that the UE will be forced to use a fine beam to reach the target power.  
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preambleReceivedTargetPower         INTEGER (-202..-60),

Observation 3: It is also feasible to set a high PREAMBLE_RECEIVED_TARGET_POWER such that the UE has to reach the maximum output power and use a fine beam to reach the target power level.
Having said that, since the UE can transmit with the same power level and beamforming pattern as in the connected mode, the same requirement of spherical coverage can also be applied. The same requirement in the connected mode and in IA can also ensure that the device performs similarly in both conditions, and the network coverage for IA can be improved.
Observation 4: Apply the same spherical coverage requirement as in the connected mode to verify that the UE beam correspondence in IA can ensure that the device performs similarly in IA and connected mode.
Proposal 1: Beam correspondence performance in IA is verified by requiring that the UE shall meet the same peak and spherical coverage requirement as in the connected mode for Msg.1. 
In case the above UE behavior is not agreeable in RAN4, we have also analyzed the spherical coverage performance of a wide beam formed by a single element and the multiple narrow beams from a single antenna panel on the side of a phone prototype. It is worth mentioning that we are trying to examine the possibility for the device to meet the minimum RAN4 requirement with a rough beam rather than check the performance difference between fine beams and a rough beam. Therefore, the CDF of fine beams is generated with a limited number of beams so that the CDF of the EIRP/antenna gain just about meets the minimum requirement. 
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Fig. 1. The spherical coverage comparison between a wide beam and a group of narrow beams
It can be observed from Fig. 1 that the spherical coverage EIRP level are very similar between a wide beam based on a single element and a narrow beam, even though the peak EIRP is significantly different due to the lack of array gain. Therefore, it is still possible for the device to achieve at least the same 50% EIRP level as in connected mode. 
Observation 5: UE can meet the minimum spherical coverage requirement specified in RAN4 also with a rough beam. 
As a fallback solution, to accommodate the diverse views on the UE beam patterns used for IA, a compromise would be to set the requirement to only specify the spherical coverage requirement at 50%. In this case, the requirement for connected mode can be re-used even if a rough beam is assumed for IA.
Proposal 2: As a fallback solution to accommodate the rough beam pattern for IA, the UE should meet the same spherical coverage requirement as in the connected mode for Msg.1 while noting that this does not quite meet the purpose of verifying PRACH during IA. 
On the other hand, defining any relaxation on the peak EIRP may be less relevant as it does not guarantee the UE coverage in the initial access as in connected mode and also has no implication on actual UE behavior in the field. Therefore, for the sake of simplicity, it is suggested to only test the spherical coverage requirement as in the connected model if the same requirement for peak EIRP as in the connected mode cannot be agreed. 
Proposal 3: If the same requirement as in connected mode for peak EIRP cannot be agreed upon, it is proposed only to verify the spherical coverage requirement for Msg.1 for initial access. 
We recall that the RAR reception-based BC test has been proposed to verify the similarity between Tx and Rx beams, which would be agnostic to the beam pattern and UE beam selection behavior during the initial access [3]. Therefore, should RAN4 not reach a consensus on re-use the same requirement as in the connected for at least spherical coverage, the RAR reception-based BC test can be considered as an alternative method for accommodating different beam patterns and UE implementations.
Observation 6: Introducing RAR reception can create a beam correspondence requirement agnostic to the beam pattern selections during the initial access. 
Proposal 4: If there is 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.
1. Side condition of beam correspondence 
Apart from the value of EIRP, the side condition for testing the beam correspondence in IA should also be discussed. Currently, the side condition for SSB-based beam correspondence in 38.101-2 is as below:
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It comes to our notice that 6 dB SNR is a relatively high value compared to conditions in the field, especially for the cell edge scenario. A relaxed spherical coverage requirement (TX beam) together with a high SNR for SSB reception (RX beam) may not ensure beam correspondence. Therefore, we should further discuss if the same side condition can be re-used for beam correspondence in IA, especially if RAN4 could not agree to re-use the existing beam correspondence requirement on Msg. 1.
Proposal 5: RAN4 shall also determine the side condition of SSB for the EIRP spherical coverage test of Msg. 1, to match the condition in the field.
1. Testability of beam correspondence in IA
An LS covers testability issues that have been identified in RAN4 and was sent to RAN5 in RAN4#105. One major issue concerned in the LS is about beam lock function (BLF) for initial access. In particular, RAN5 has made the following reply regarding BLF in initial access [5]:
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Therefore, RAN4 shall discuss if the objective of the test is to lock the beam during the initial access. 
As it is well known that the beam lock function is not used for real field operation, the objective of the test is NOT to lock the beam during the initial access. 
Observation 7: the objective of the BC IA test is NOT to lock the beam during the initial access. 
From testability aspect, BLF function is introduced to simplify the test method complexity [4], but it is not clear if it is necessary for the EIRP-based test during the initial access. In our understanding, BLF is needed when the test time is long. For example, under a TRP-based test, the UE needs to maintain its beam while TE sweeps through the sphere. However, assuming the test equipment can measure the EIRP value at each point quickly enough, it seems not necessary to introduce the BLF for the EIRP-based spherical coverage test since the UE does not need to maintain the beam over a long period. 
Observation 8: beam lock function may not be needed for EIRP spherical coverage test considering the UE does not need to maintain its beam for an extended period. 
Proposal 6: Further discuss if a beam lock function is needed for beam correspondence in initial access based on the understanding that the objective of the BC IA test is NOT to lock the beam during the initial access. 
1. Conclusion
In this paper, we provide our views on the core requirement and testability issue for beam correspondence in initial access, the following observations and proposals have been made:
Observation 1: With maximum output power, it can be assumed that UE can use all the antenna elements in IA and it is feasible to form a narrow beam to transmit Msg1. 
Observation 2: For a UE that operates in the beam correspondence manner, the correct UE behavior when it does not receive a RAR response is to form a narrow beam towards the direction of the SSB. 
Observation 3: It is also feasible to set a high PREAMBLE_RECEIVED_TARGET_POWER such that the UE has to reach the maximum output power and use a fine beam to reach the target power level.
Observation 4: Apply the same spherical coverage requirement as in the connected mode to verify that the UE beam correspondence in IA can ensure that the device performs similarly in IA and connected mode.
Observation 5: UE can meet the minimum spherical coverage requirement specified in RAN4 also with a rough beam. 
Observation 6: Introducing RAR reception can create a beam correspondence requirement agnostic to the beam pattern selections during the initial access. 
Observation 7: The objective of the BC IA test is NOT to lock the beam during the initial access. 
Observation 8: Beam lock function may not be needed for EIRP spherical coverage test considering the UE does not need to maintain its beam for an extended period. 
Proposal 1: Beam correspondence performance in IA is verified by requiring that the UE shall meet the same peak and spherical coverage requirement as in the connected mode for Msg.1. 
Proposal 2: As a fallback solution to accommodate the rough beam pattern for IA, the UE should meet the same spherical coverage requirement as in the connected mode for Msg.1 while noting that this does not quite meet the purpose of verifying PRACH during IA. 
Proposal 3: If the same requirement as in connected mode for peak EIRP cannot be agreed upon, it is proposed only to verify the spherical coverage requirement for Msg.1 for initial access. 
Proposal 4: If there is 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.
Proposal 5: RAN4 shall also determine the side condition of SSB for the EIRP spherical coverage test of Msg. 1, to match the condition in the field.
Proposal 6: Further discuss if a beam lock function is needed for beam correspondence in initial access based on the understanding that the objective of the BC IA test is NOT to lock the beam during the initial access. 
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Table 6.6.4.3.1-1: Conditions for SSB based L1-RSRP measurements for beam correspondence

[¢#4
Angle of NR operating Minimum SSB_RP Note 2 SSB
arrival bands Esllot
dBm / SCSsss dB
SCSsss = 120 kHz
All angles n257 -96.2 26
Note 1
n258 -96.2
n259 -90.7
n260 -91.9
n261 -96.2
n262 -88.5
n263 TBD
NOTE 1: For UEs that support multiple FR2 bands, the Minimum SSB_RP values for all angles are
increased by AMBs,;, the UE multi-band relaxation factor in dB specified in clause 6.2.1.
NOTE 2: Values specified at the radiated requirements reference point to give minimum SSB Es/lot,
with no applied noise.
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Question 1: whether it is necessary to introduce the UBF function in initial access for simplification of the test
(note that the beam used in initial access may be different from the beam in connected mode)?

Response: Yes, it would be necessary to evaluate and introduce a new UBF-like test function in initial access
or update the existing UBF test function if the objective of the test is to lock the beam during initial access. The
current UBF applies only in RRC Connected Mode. If the core requirements are specified for both Standalone
(SA) and Non-Standalone (NSA), the implementation of test function has to be discussed separately.




