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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. 

	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) F
· Study the potential impact on testability aspects (i.e., test time).




 In RAN4#105, we concluded on three topics in the WF. In this contribution we deal with the first topic: 

	1. Topic #1: Beam refinement assumption
0. Sub-topic 1-1 Rough beam vs Fine beam
Issue 1-1: Rough beam vs Fine beam
· Proposals
· Option 1: Beam refinement in RRC_INACTIVE and initial access is made in the same way as RRC_CONNECTED.
· Option 1a: with the same SSB configuration as Rel-16 SSB BC (RRC_CONNECTED) case. 
· Option 1b: with some modification in SSB configuration.
· Option 2: It is allowed not to refine beams in RRC_INACTIVE and initial access.
· Option 2a: It is allowed to use only one antenna element.
· Option 2b: Beam gain is 7 dB lower than RRC_CONNECTED.
· The Msg1 EIRP spherical coverage requirement for PC3 is [7+xdB] higher than the EIRP spherical coverage requirement specified in 6.2.1 for connected mode. 
· Option 3: Somewhere in the middle.
· Option 3a: Refinement is done but is not as good as RRC_CONNECTED.
· Option 3b: Refinement is done in CG-SDT but is not in RA-SDT and initial access.
· Option 3c: Refinement in DRX is not as good as continuous reception.
· Option 4: Rough beam or Fine beam used in IA is up to UE implementation and requirements should be implementation agnostic.
 
Way forward/Agreements:
· Focus on BC requirements first.




2. Beam refinement in RRC_INACTIVE and RRC_IDLE 
In the last 3GPP meeting #105, it was agreed to focus on beam correspondence requirements first before agreeing on the beam type. We have presented our views on the beam correspondence requirements in our companion paper on this topic.
We highlight certain aspects of the beam refinement procedure which could be further studied. The focus of this paper is on Random Access since that is the main procedure carried out by UEs to access the network in the IDLE and INACTIVE states
During random access procedure for Initial access or even handovers, cell reselection, and other scenarios where Random access is required, the 3GPP standards do not mandate the kind of beam the UE needs to use for msg1 and msg3 in case of a 4-step RACH procedure. The typical UE implementation may be to use a broad beam in such cell search scenarios in order to optimize the coverage in the angular domain, though this may impact the maximum achievable radiated power. This is currently left up to UE implementation. 
Observation 1: The typical UE implementation may be to use a broad beam in cell search scenarios in order to optimize the coverage in angular domain, though this may impact maximum achievable radiated power. This is currently left up to UE implementation.

The beam type in the case of Random Access could be important, especially in cases where the UE is power limited. 
During the Random Access procedure, there could be a scenario such as a cell edge where the UE is power limited. In such cases, the UE may have just enough PA power to send msg1 with a broad beam which consists of the preamble. However, this will not be enough power to successfully transmit msg3 of the 4-step Random Access procedure since msg3 consists of the payload as well. One way by which the UE can mitigate this and ensure msg3 reaches the gNB is by increasing the Tx antenna gain, i.e. refining its beam further such that it has a very narrow beam.
Observation 2: During random access procedure a power limited UE may have just enough PA power to send msg1 with a broad beam which consists of the preamble. However, this will not be enough power to successfully transmit msg3 of the 4-step Random Access procedure since msg3 consists of the payload as well.

For the UE to refine its Tx beam for msg3 specifically, it needs sufficient reference signals between msg1 and msg3 to further sweep its Rx beam, e.g. during enough SS bursts, to refine its Rx beam and deduce its best Tx narrow beam. The msg2 of the Random Access procedure carries the uplink grant which as per the current specifications can be a maximum of around 4.75 ms. However, assuming a default periodicity of 20 ms for the SSBs, even if a UE wants to refine its beam for msg3 by sweeping the SSBs, it will not be able to do so due to the reason stated above. Beam refinement procedures are currently only specified in RRC_Connected mode, where the network may schedule CSI-RS with the repetition ‘on’. Similar reference signals are not available in IDLE/INACTIVE modes.
[image: ]
Figure 1: UE Beam refinement 
Observation 3: For the UE to refine its Tx beam for msg3 specifically, it needs sufficient reference signals between msg1 and msg3 to further sweep its Rx beam.
Observation 4: Uplink grant can only be a maximum of around 4.75 ms while SS burst periodicity is ranging from 5ms to 80 ms.
Observation 5: If the UE can do beam refinement in IDLE and INACTIVE modes, it would be helpful in practical network scenarios such as when UE is in cell edge and requires beam refinement for msg3 transmission.
Rel-17 introduced TRS for IDLE mode UEs. A UE would be to sweep TRS between msg1 and msg3 to refine its beams for the successful transmission of narrow beam msg3 which has the payload. 
 [image: ]
Figure 2: Beam refinement procedure during RACH
Proposal 1: Study what reference signals can be used to enable beam refinement for msg3 for UEs in IDLE and INACTIVE modes. 

3. Conclusions
In this contribution we have continued discussion on Rel-18 UE beam refinement requirements for RRC_INACTIVE and RRC_IDLE. In the contribution we make the following observations and proposals:

Observation 1: The typical UE implementation may be to use a broad beam in such cell search scenarios in order to optimize the coverage in angular domain, though this may impact maximum achievable radiated power. This is currently left up to UE implementation.
Observation 2: During random access procedure a power limited UE may have just enough PA power to send msg1 with a broad beam which consists of the preamble. However, this will not be enough power to successfully transmit msg3 of the 4-step Random Access procedure since msg3 consists of the payload as well.
Observation 3: For the UE to refine its Tx beam for msg3 specifically, it needs sufficient reference signals between msg1 and msg3 to further sweep its Rx beam.
Observation 4: Uplink grant can only be a maximum of around 4.75 ms while SS burst periodicity is ranging from 5ms to 80 ms.
Observation 5: If the UE can do beam refinement in IDLE and INACTIVE modes, it would be helpful in practical network scenarios such as when UE is in cell edge and requires beam refinement for msg3 transmission.
Proposal 1: Study what reference signals can be used to enable beam refinement for msg3 for UEs in IDLE and INACTIVE modes. 

References
[1] RP-220967, New WID: NR RF requirements enhancement for frequency range 2 (FR2), Phase 3, Moderator (Nokia)
[2]   R4-2220517: WF on BC in RRC_INACTIVE and initial access 
3GPP
image1.png




image2.png
Initial Access

]

uses broa

1: PRACH on 55Bx

2 Msg2

UE Beam

UE &an use narrow RxfTx heam

3 M sg3 with narrow bearn

i 4 Msgd

RRC Connected
e L

PDSCH

PUSCH





