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1. Introduction
In RAN4#104e, we agreed that [1]:

Way forward/FFS:
· FFS: How beam refinement may work in RRC_INACTIVE (RA-SDT and CG-SDT) and initial access
· FFS: Discuss the impact of fine beam vs rough beam for UE UL Tx beam on the test(s)
· FFS: Discuss if the refinement is the same as Rel-16 SSB only case
· FFS: Whether the peak EIRP the same as Rel-16 SSB only case achieved.
· FFS: Discuss DRX implications on UE beam refinement and on BC accuracy
In this contribution, we further discuss these issues.
2. Discussion
2.1 Beam refinement procedure
A simple procedure for R16 SSB-only was recorded in TR 38.831:

1.	To search non-serving cells/SSBs, use rough beams on non-serving cell SSB bursts in SMTC windows
2.	For serving-cell SSB measurements, use progressively refined beams when conditions allow. Opportunistic beam refinement detail is below:
a.	At time-1, UE receives 8 SSB bursts
i.	UE obtains 8 sets of data pairs, e.g. (rough beam-1, RSRP-1), (rough beam-2, RSRP-2), …, (rough beam-8, RSRP-8).
ii.	UE finds the data set corresponding to the max RSRP out of 8 sets, for example, (rough beam-2, RSRP-2)
b.	At time-2, UE receives 8 SSB bursts.
iii.	UE measures RSRP with rough beam-2 first.
iv.	UE compares the measured RSRP to RSRP-2 that was measured in the previous occasion Time-1.
v.	If the difference is marginal, then UE can tell it doesn't need to repeat RSRP measurement for all hypotheses. (UE doesn't need to perform neighbor cell search because those resources will be provided separately, e.g. measurement gap and/or SMTC configuration in measurement object)
vi.	UE can attempt to refine Rx beam during 7 remaining SSB bursts.
c.	At time-3, UE receives 8 SSB bursts.
vii.	UE measures RSRP with rough beam-2 first.
viii	UE compares the measured RSRP to RSRP-2 that was measured in the previous occasion Time-2.
ix.	Again, UE can tell it doesn't further need to measure RSRP.
x.	UE performs beam refinement starting from the refined beam at Time-2.
xii.	UE can tell the first tried refine beam quality is still as good as Time-2.
xiii.	UE can skip 6 remaining SSB burst reception for power saving.
d.	At time-4, repeats the same procedure of Time-3
xiv.	If measured RSRP is different from the previous one by some threshold value, UE sweeps its Rx beam for the rest of the 7 SSB bursts, and follows time-1 procedure.

For initial access, the key point is to access the network as soon as possible and the lower latency is more important. The procedure listed above is ok for the UE in RRC_CONNECTED mode to pursue better performance but it will significantly exacerbate the access latency for initial access which is not expected. Similarly, for SDT, UE perform such procedure will increase the power consumption due to the frequent measurement and UE is also not necessary to pursue better uplink performance because the data is small. In addition, this procedure is hard to guaranteed in non-RRC_CONNCTED states and make the test more complicated.

Observation 1: UE is not always need to pursue a better uplink performance for initial access and SDT.

However, even though the UE try to perform such procedure to refine its beam during initial access and SDT in a specific situation, it also redundant to verify same procedure in different RRC state and it can be verified in RRC_CONNCTED state instead.

Proposal 1: No need to consider the beam refinement for initial access and SDT. 

2.2 Beam type and RF requirement 

In the last meeting, we didn’t reach any consensus on the beam type used during the non-RRC_CONNECTED state but in our understanding, the UE behavior during initial access mostly depends on UE implementation and we should leave enough flexibility, so it is better that the requirement can accommodate different beam type.

Observation 2: The beam type used during non-RRC_CONNECTED state mostly depends on UE implementation.

Most companies support using traditional method to define the RF requirement during non-RRC_CONNECTED, i.e., min peak EIRP& spherical coverage, but our concern here is the specific EIRP value will restrict the beam pattern choice that used in non-RRC_CONNECTED state. In this contribution, we further provide some simulation results to show the performance of single element, sub-array(1x2), and full element(1x4), as shown in follows:
[image: ][image: ][image: ][image: ]
Figure 1 simulation model and different beam pattern
[image: ]
Figure 2 spherical coverage for different beam pattern

It is obvious that the single element is the worst case and if we decide to define the requirement with min peak EIRP and 50% spherical coverage, the single element can be the baseline to accommodate all possible beam pattern.

Observation 3: The single element can be the worst case to accommodate all possible beam pattern. 

Proposal 2: If the min peak EIRP and 50% spherical coverage is used as the RF requirement for non-RRC_CONNECTED state, the single element should be the baseline for the rough beam.
 
As we mentioned in 2.1, the refinement procedure can be similar regardless of which RRC state the UE is in. if UE can meet the SSB-only beam correspondence without UL beam sweeping requirement during RRC_CONNECTED state, it is also expected the UE can work with similar performance in non-RRC_CONNECTED state.

Proposal 3: if UE can meet the R16 SSB-only beam correspondence without UL beam sweeping requirement, it can be considered that the UE can have similar beam correspondence performance in non-RRC_CONNECTED state. 
3. Conclusion
In this contribution, we provide our views on the beam type and requirement for the beam correspondence during non-RRC_CONNECTED mode:
Observation 1: UE is not always need to pursue a better uplink performance for initial access and SDT.
Proposal 1: No need to consider the beam refinement for initial access and SDT. 

Observation 2: The beam type used during non-RRC_CONNECTED state mostly depends on UE implementation.

Observation 3: The single element can be the worst case to accommodate all possible beam pattern. 

Proposal 1: No need to consider the beam refinement for initial access and SDT. 

Proposal 2: If the min peak EIRP and 50% spherical coverage is used as the RF requirement for non-RRC_CONNECTED state, the single element should be the baseline for the rough beam.
 
Proposal 3: if UE can meet the R16 SSB-only beam correspondence without UL beam sweeping requirement, it can be considered that the UE can have similar beam correspondence performance in non-RRC_CONNECTED state. 
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