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1	Introduction
In this contribution we discuss the possibility of using beam-specific support for 2-step random access in order to limit resources reserved for 2-step RA by exploiting the spatial domain. 
[bookmark: _Ref178064866]2	Discussion
2-step RA has benefits in that it reduces the access delay and, for NR-U, also reduces the number of times the channel has to be accessed through a Listen Before Talk (LBT) process. However, there is a cost in terms of transmission resources, which is greater than for 4-step RA, since PUSCH transmission resources used for the transmission of MsgA PUSCH have to be allocated and reserved for each 2-step RACH occasion, regardless whether they are used or not. In addition, the MsgA PUSCH transmissions are not very resource-efficient in themselves, because they are transmitted without any type of dynamic link adaptation (i.e. since, excluding the preamble on the PRACH, this is the first transmission to the network, a default configuration is used), which would mean that the resource allocation would likely have to be over-dimensioned to increase reliability. Hence, 2-step RA, including configuration of 2-step RACH occasions, should be used with care with the tradeoff between benefits and resource cost in mind.
[bookmark: _GoBack]2.1	Beam-specific support
One dimension that can be exploited for the purpose of limiting the resources reserved for 2-step RA is the spatial domain. The properties of a cell can be expected to often be heterogeneous in terms of different directions. For instance, the average load and the capacity requirements can differ between different parts of a cell area and UEs with certain properties or certain applications may be more common in some areas than others. The channel quality can also generally be better in some directions and worse in others, where the chances to exceed the threshold for 2-step RA are better in the directions with good channel quality. This directional heterogeneity can be exploited by providing direction-specific, i.e. beam-specific, or SSB-specific, support for 2-step RA in a cell.
Furthermore, mandating consistent 2-step RA support (or no support) for all SSB beams reduces the network’s flexibility when different beams are use for different purposes, for instance a wide beam with overall coverage combined with several narrow beams. One example where this may be considered useful is Non-Terrestrial Network deployments.
[bookmark: _Toc32513606]Resources can be saved by providing 2-step RA support only in selected beam directions, exploiting property heterogeneity in the cell or that different beams may be used for different purposes.
[bookmark: _Toc24034047]The RRC specification should support configuration of SSB beam-specific 2-step RA support.
To introduce SSB beam-specific support for 2-step RA, this must be included in the ASN.1 code in the RRC specification. This can be done in the form of a 2-step RA support bitmap to be applied to the ssb-PositionsInBurst bitmap, masking out the SSBs with which 2-step RA support is associated, as illustrated by the figure below. 
[image: ]
In the ASN.1 code, this bitmap, e.g. called twoStepRACH-SupportSSB-Mask, would be included together with the other 2-step RA configuration parameters in a (yet to be finally specified) RACH-ConfigCommonTwoStep IE. Its format and size should match that of the ssb-PositionsInBurst, i.e. it should be a bit string of the same size as the bit string formed by the ssb-PositionsInBurst), as outlined below.
twoStepRACH-SupportSSB-Mask       CHOICE {
    shortBitmap                       BIT STRING (SIZE (4)),
    mediumBitmap                      BIT STRING (SIZE (8)),
    longBitmap                        BIT STRING (SIZE (64))
}

[bookmark: _Toc24034048]Include a 2-step RA support bitmap which is applied to the ssb-PositionsInBurst bitmap, masking out the SSBs for which 2-step RA is supported. The bitmap should be a bit string of the same size as the bit string formed by the ssb-PositionsInBurst.
[bookmark: _Toc24034049]The 2-step RA support bitmap should be included in the RACH-ConfigCommonTwoStep IE.
4	Conclusion
In the previous sections we made the following observation: 
Observation 1	Resources can be saved by providing 2-step RA support only in selected beam directions, exploiting property heterogeneity in the cell or that different beams may be used for different purposes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The RRC specification should support configuration of SSB beam-specific 2-step RA support.
Proposal 2	Include a 2-step RA support bitmap which is applied to the ssb-PositionsInBurst bitmap, masking out the SSBs for which 2-step RA is supported. The bitmap should be a bit string of the same size as the bit string formed by the ssb-PositionsInBurst.
Proposal 3	The 2-step RA support bitmap should be included in the RACH-ConfigCommonTwoStep IE.
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