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Background
The BC for IA has been further discussed in RAN4#106bis-e [1], the following agreement has been achieved: 
· Agreement:
· msg1 spherical coverage requirement will be further discussed 
· Enable multiple PRACH transmission in testing mode, including holding RAR.
· The accumulative period of measurement for PRACH transmission shall be at least 1 ms.
· The requirement is verified with the test metric of EIRP (Link=spherical coverage grid, Meas=Link angle). (Vivo, Huawei, mediaTek, Apple, xiaomi, Ericsson, Samsung, ZTE)
· No minimum peak EIRP requirement will be specified for initial access and RRC INACTIVE STATE
Moreover, power tolerance due to open loop power control in initial access has been further discussed.
· Option 1: No tolerance is introduced.
· Option 2: The power tolerance should be introduced according to TS 38.101-2 clause 6.3.4.2, 6.3.4.3, or 6.3.4.4 in the following.
In this contribution, we further discuss the core requirement of beam correspondence during initial access (IA) and also the issue of power tolerance.

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 overall UL beams, and the UL beam switch 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.
Observation 1: beam correspondence for initial access is essential to reduce the initial access coverage and latency.
In addition, there is no uplink beam management procedure for initial access, and the BC in PRACH can also affect the beam failure recovery process since the BFR is basically a PRACH connection, which makes verification of the beam correspondence for initial access at least as crucial as for connected mode.
Observation 2: beam correspondence is necessary for initial access, as no uplink beam sweeping is available.  
1. Power tolerance in initial access beam correspondence. 
Concerning the power control tolerance affecting the beam correspondence EIRP test in initial access was discussed in the last RAN4 meeting. For initial access, the open loop power control applies, where the accuracy of the power control is mainly affected by the RSRP measurement error (path loss estimation) and the UE capability to accurately set its transmitting power on the target level. 
Observation 3: the open loop power control accuracy is mainly affected by the RSRP measurement error (path loss estimation) and the UE capability to accurately set its transmitting power on the target level.
For the beam correspondence test in initial access, it has been agreed that the requirement is derived based on the maximum output power of the device. Meanwhile, the method of how to achieve the maximum output power in the conformance test, where at least holding RAR and/or setting a high PREAMBLE_RECEIVED_TARGET_POWER have been discussed. As long as the UE reaches the maximum output power, it does not need to rely on the RSRP measurement results, and the PA will be fully driven, and therefore the UE power control accuracy does not affect. 
Observation 4: As the UE should reach its maximum output power for the beam correspondence test, the RSRP measurement error and the UE power control accuracy should not affect the beam correspondence test results for initial access. 
In addition, better accuracy at maximum outpower usually needs to be guaranteed as this is related to not only the 3GPP minimum requirement but also the regulator’s limits. From 3GPP specification in 38.101-2, it can also be observed from table Table 6.2.4-1/2: PUMAX,f,c tolerance for FR2-1/2 is set to 0 when ∆P is 0 dB at the maximum output power setting. 
Observation 5: better accuracy at maximum output power usually needs to be guaranteed by the implementation as this is related to not only the 3GPP minimum requirement but also the regulator’s limits.
Observation 6: PUMAX,f,c tolerance for FR2-1/2 is set to 0 when ∆P is 0 dB.
Proposal 1: No tolerance is introduced for beam correspondence test in initial access. 
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 previous agreement, 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 7: 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. 
[image: ]
A UE that operates in the beam correspondence manner should always transmit towards the direction of the DL signal, and 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 do not see any issue for UE to form a fine beam for the initial access. 
Observation 8: 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 9: It is also feasible to set a high PREAMBLE_RECEIVED_TARGET_POWER such that the UE must use 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 10: 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.
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 11: 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 only to specify the spherical coverage requirement at 50%. In this case, the requirement for connected mode can be reused 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 fully meet the purpose of verifying PRACH during IA. 
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. Considering the aforementioned importance of BC in IA, it is suggested to 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: No further relaxation on the spherical coverage requirement for BC in IA to ensure IA coverage in the field. 
It is also worth mentioning that the FR2 device shall meet the RSRP estimation accuracy with -6 dB SNR based on 38.133, while the side condition for beam correspondence in initial access is above 6 dB. Therefore, the device has a good margin to meet the beam correspondence requirement for initial access. Thus, regardless of the UE implementation, reusing the same spherical coverage requirement as in connected mode for initial access is feasible.
Observation 12: There is a good margin for side condition SNR when it comes to RSRP estimation accuracy, which ensures that it is feasible to reuse the same requirement as in connected mode for beam correspondence in 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: beam correspondence for initial access is essential to reduce the initial access coverage and latency.
Observation 2: beam correspondence is necessary for initial access, as no uplink beam sweeping is available.  
Observation 3: the open loop power control accuracy is mainly affected by the RSRP measurement error (path loss estimation) and the UE capability to accurately set its transmitting power on the target level.
Observation 4: As the UE should reach its maximum output power for the beam correspondence test, the RSRP measurement error and the UE power control accuracy should not affect the beam correspondence test results for initial access. 
Observation 5: better accuracy at maximum output power usually needs to be guaranteed by the implementation as this is related to not only the 3GPP minimum requirement but also the regulator’s limits.
Observation 6: PUMAX,f,c tolerance for FR2-1/2 is set to 0 when ∆P is 0 dB.
Observation 7: 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 8: 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 9: It is also feasible to set a high PREAMBLE_RECEIVED_TARGET_POWER such that the UE must use the maximum output power and use a fine beam to reach the target power level.
Observation 10: 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 11: UE can meet the minimum spherical coverage requirement specified in RAN4 also with a rough beam. 
Observation 12: There is a good margin for side condition SNR when it comes to RSRP estimation accuracy, which ensures that it is feasible to reuse the same requirement as in connected mode for beam correspondence in initial access. 
Proposal 1: No tolerance is introduced for beam correspondence test in initial access. 
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 fully meet the purpose of verifying PRACH during IA. 
Proposal 3: No further relaxation on the spherical coverage requirement for BC in IA to ensure IA coverage in the field. 
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