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Background
In RAN#95-e, the WI on NR RF requirements enhancement for the frequency range 2 (FR2), Phase 3 has been approved, where the following items have been agreed for introducing the beam correspondence (BC) for initial access and inactive mode, where the discussion has been kicked off in RAN4#104bis-e [1], and multiple issues have been captured in the WF [2]. 
In this contribution, we further discuss the verification of beam correspondence during initial access (IA) and the RRC_INACTIVE state.

1. [bookmark: _Hlk8895418]RAR reception
In the WF [2], the following agreement has been made regarding whether to include the random-access response (RAR) in the BC test for the IA:
It is further discussed whether RAR is included in BC requirement. Proponents of RAR test are encouraged to provide more analysis why spherical coverage used in RRC_CONNECTED is not sufficient and why RAR test complement the BC requirement in RRC_INACTIVE and initial access.
The test of RAR as part of BC verification has been brought up since Rel-16. To elaborate on the reasoning for this additional test, we provide the following analysis:  
1. First of all, the purpose of adding the RAR test as part of the BC test is to ensure the UE would use the same or similar beams for receiving and transmitting, in other words, to verify the reciprocity between the UL and DL transmission. In our view, this is the only way to fully demonstrate the beam correspondence of the device. Otherwise, the TX beam could potentially be misaligned with the RX beam and the SSB direction. Still, the UE may nevertheless be able to achieve the spherical coverage requirement with sufficiently high power. However, in real life, such a device can cause significant interference to the 5G network. 
For a UE that uses the same spatial filter for UL and DL, the curve of CCDF of RAR EIS should be similar to the CDF of Msg1 EIRP. 
Observation 1: Adding the RAR test as part of the BC test can ensure the UE would actually use the identical beams for receiving and transmitting. In other words, it can verify the reciprocity between the UL and DL transmission.
2. Since adding RAR can verify the similarity between Tx and Rx beams, another advantage is that the method itself can be agonistic to the beam pattern and UE beam selection behavior during the initial access. The requirement can be set in terms of relative metric between the Tx and Rx spherical coverage (e.g., the similarity between CDF curve or defining a common spherical coverage requirement) rather than an absolute requirement (e.g., minimum EIRP) that will depend on the beam patterns. This could become particularly important if the UE beam form behavior discussed above would not be agreeable in RAN4. 
Observation 2: Introducing RAR reception can create a beam correspondence requirement to be agonistic to the beam pattern selections during the initial access. 
Two possible ways to incorporate the RAR reception into the beam correspondence test to create a beam pattern agonistic requirement: 1) one way is to examine the similarity between the RAR EIS CCDF curve and Msg.1 EIRP CDF curve. For example, the degradation for RAR EIS CCDF between 100% and 50% should be similar to the degradation of Msg.1 EIRP CDF between 100% and 50%, as illustrated in [3]. 2) An alternative way is to verify the similarity between RAR and Msg1 spatial coverage by defining a common spherical coverage area between the RAR EIS and Msg1 EIRP, as proposed in [4]. 
Proposal 1: To verify the beam correspondence requirement for IA with RAR, RAN4 can consider examining that the degradation for RAR EIS CCDF between 100% and 50% is similar to the degradation of Msg.1 EIRP CDF between 100% and 50%, or to create a requirement on the common spherical coverage area between the RAR EIS and Msg 1 EIRP.
It is recognized that varying the RAR power is complicated in an EIS test. Considering the complexity of the beam correspondence test for initial access, the test of RAR could be exempt if the following two conditions can be met:
· Suppose the same spherical coverage requirement as in the connected mode can be used for Msg. 1, then the core requirement can at least ensure at least UE beam correspondence performs the same in initial access and connected mode. Therefore, it may not be necessary to put further RAR tests for beam correspondence in IA. 
· The side conditions for CONNECTED mode, like SSB SNR, are reviewed 
Observation 3: The test of RAR could be exempt if the same spherical coverage requirement as in the connected mode can be used for Msg.1 and the side-conditions for connected mode are reviewed.
On the other hand, the RAR test cannot be precluded until the spherical coverage requirement for Msg.1 is clear. Therefore, to move forward with the discussion and have a more focused effort on Msg. 1 EIRP requirement, we suggest we can revisit the RAR test after the Msg. 1 EIRP requirement is clear. 
Proposal 2: The RAR test cannot be precluded until the spherical coverage requirement for Msg.1 is clear, and RAN4 can revisit the RAR test after the Msg. 1 EIRP requirement is clear
Our analysis and proposals for Msg 1 EIRP spherical coverage is provided in the section below.
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 on the Msg1 spherical coverage test is determining the minimum requirement for Msg1 EIRP level at peak EIRP and spherical coverage. 
According to the 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 4: 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. 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 try to increase the EIRP by refining its beam pattern based on the measurement results of SSB when 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. Thus, we don’t see any issue for UE to form a fine beam for the initial access. 
Observation 5: For a UE that operates in the beam correspondence manner, the correct UE behavior when it can’t receive 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 6: It is also feasible to set a high PREAMBLE_RECEIVED_TARGET_POWER so 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 can perform similarly in both conditions, and the network coverage for IA can be guaranteed. 
Observation 7: 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 3: To verify the beam correspondence performance in IA, 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” 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 though the peak EIRP has a significant difference due to the lack of array gain, the spherical coverage EIRP level are much similar between a wide beam based on a single element and a narrow beam. Therefore, it is still possible for the device to achieve at least the same 50% EIRP level as in the connected mode. 
Observation 8: UE can meet the minimum requirement specified in RAN4, even 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 4: 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. 
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 6dB SNR is a relatively 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.
1. Testability of beam correspondence in IA
The need for locking the TX/RX beam during the IA test has been discussed. Indeed, measurements must be made during multiple slots for measurement accuracy and early pass in EIS tests. 
The beamlock test function is only applicable for RRC_CONNECTED, from 38.509,
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The beamlock function is released if the UE leaves the connected mode state, 
Test modes are only available in connected mode, but an LS to RAN5 could be sent to enquire about the possibilities of locking the beam in IA tests and in RRC Inactive. 
Proposal 6: ask RAN5 about the possibilities of locking the TX and RX beams before the UE enters connected mode.
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: Adding the RAR test as part of the BC test can ensure the UE would actually use the identical beams for receiving and transmitting. In other words, it can verify the reciprocity between the UL and DL transmission.
Observation 2: Introducing RAR reception can create a beam correspondence requirement to be agonistic to the beam pattern selections during the initial access. 
Observation 3: the test of RAR could be exempt if the same spherical coverage requirement as in the connected mode can be used for Msg.1 and the side-conditions for connected mode are reviewed.
Observation 4: 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 5: For a UE that operates in the beam correspondence manner, the correct UE behavior when it can’t receive RAR response is to form a narrow beam towards the direction of the SSB. 
Observation 6: It is also feasible to set a high PREAMBLE_RECEIVED_TARGET_POWER so that the UE has to reach the maximum output power and use a fine beam to reach the target power level.
Observation 7: 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 8: UE can meet the minimum requirement specified in RAN4, even with a rough beam. 
Proposal 1: To verify the beam correspondence requirement for IA with RAR, RAN4 can consider examining that the degradation for RAR EIS CCDF between 100% and 50% is similar to the degradation of Msg.1 EIRP CDF between 100% and 50%, or to create a requirement on the common spherical coverage area between the RAR EIS and Msg 1 EIRP.
Proposal 2: The RAR test cannot be precluded until the spherical coverage requirement for Msg.1 is clear, and RAN4 can revisit the RAR test after the Msg. 1 EIRP requirement is clear
Proposal 3: To verify the beam correspondence performance in IA, the UE shall meet the same peak and spherical coverage requirement as in the connected mode for Msg.1. 
Proposal 4: 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. 
Proposal 5: RAN4 shall also determine the side condition of SSB for the EIRP spherical coverage test of Msg. 1.
Proposal 6: ask RAN5 about the possibilities of locking the TX and RX beams before the UE enters connected mode.
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1> if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:

2> increment PREAMBLE _POWER _RAMPING COUNTER by 1.
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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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5422 Reception of ACTIVATE BEAMLOCK message by UE
When UE receives ACTIVATE BEAMLOCK message then the UE shall:
1> if the UE is operating in FR2 AND is in RRC_CONNECTED state:
2> if UE Beamlock test Function = 01
3> Lock the UE antenna pattern with Tx only
2> else if UE Beamlock test Function = 10
3> Lock the UE antenna pattern with Rx only
2> else if UE Beamlock test Function = 11
3> Lock the UE antenna pattern with both TxRx
2> Transmit ACTIVATE BEAMLOCK COMPLETE message
1> else:

2> the UE behaviour is unspecified.




