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[bookmark: _Ref178064866]1	Introduction
The following topics are discussed in this paper to address the remaining issues from the agreements from 3GPP RAN1#96 meeting: 
· 2-step random access occasion definition relative to the 4-step RO
· Preamble configuration and SSB to preamble mapping
· power control of msgA
· Beam association between preamble and PUSCH
[bookmark: _Toc1162283][bookmark: _Toc1162386]3	2-step random access occasion
In RAN1 #96b, below agreements were reached for the relation of PRACH resource between 2-step and 4-step RA.
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH

[bookmark: _Hlk525646118]3.1	2-step and 4-step random access occasion in time domain
In NR release 15, for 4-step RA, a set of 3 PRACH configuration tables are defined for the basic PRACH configurations including the time domain PRACH occasion definition depending on the spectrum type in operation and the frequency range applied. Based on the agreements above, the time domain ROs for 2-step RA should be studied in both the case that ROs are shared between 4-step and 2-step RA and the case that 2-step RO is separately configured.

When separate ROs are configured for 2-step and 4-step RACH, some options can be provided as below:
· Option 1: Same PRACH configuration tables for 4-step RO are used for 2-step RO configuration, different PRACH configuration indices are used
· Option 2: The 4-step RACH configuration table is extended with elements for 2-step RO
· Option 3: A separate table is configured for 2-step RO 

As an example, the PRACH configuration tables specified in TS 38.211 (Tables 6.3.3.2-2, 6.3.3.2-3, 6.3.3.2-4 for FR1 paired spectrum, FR1 unpaired spectrum and FR2 with unpaired spectrum, respectively) are reused for 2-step RACH procedure. A separate PRACH configuration index is configured for 2-step RACH procedure, which indicates a different row in the associated PRACH configuration table as compared to the one for 4-step RACH procedure, so that the OFDM symbols occupied by valid PRACH occasions for 2-step are all different from the OFDM symbols occupied by valid 4-step PRACH occasions as shown below in Figure 1.
[bookmark: _Ref6434330]
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Figure 1 illustration of different PRACH resource configurations in time for 2-step and 4-step RACH
[bookmark: _Toc7820990]When 2-step ROs are separately configured, it should be discussed whether legacy 4-step PRACH configuration tables, or a set of extended PRACH configuration tables, or a set of separately configured PRACH configuration tables are used for the time domain 2-step RO configuration. 

When 2-step ROs are shared with the 4-step ROs, a separate set of preambles will be used for differentiating 2-step RA and 4-step RA. The question is whether all time domain ROs configured for 4-step RA are shared with 2-step RA or only a subset of the 4-step ROs are shared by 2-step RA.
It might be good for msgA PUSCH occasion definition and reducing the reserved resource overhead if only a subset of the ROs are shared. But from the latency of the 2-step RA point of view, all 4-step ROs are shared by 2-step RA is preferred. Thus, it should be studied whether a subset or all 4-step ROs can be used by 2-step RA.
[bookmark: _Toc7820991]When 2-step ROs are shared with 4-step ROs, it should be further studied whether all the 4-step ROs are shared by 2-step RA or a subset of the 4-step ROs can be configured to be shared by 2-step RA.
3.2	2-step and 4-step random access occasion in frequency domain
In the frequency domain, NR supports multiple frequency-multiplexed PRACH occasions on the same time-domain PRACH occasion. Random access preambles can only be transmitted in the frequency resources given by the higher-layer parameter msg1-FrequencyStart. The PRACH frequency resources , where M equals the higher-layer parameter msg1-FDM, are numbered in increasing order within the initial active uplink bandwidth part during initial access, starting from the lowest frequency. Otherwise, are numbered in increasing order within the active uplink bandwidth part, starting from the lowest frequency. The number M of PRACH occasions FDMed in one time domain PRACH occasion, can be 1, 2, 4, or 8. 

When the 2-step ROs and 4-step ROs are shared, the PRACH occasions for 2-step RA in frequency domain, they can be naturally assumed to be the same as that for 4-step RA, i.e. having the same start frequency and same number of ROs FDMed for both 2-step RO and 4-step RO.

When the 2-step ROs and 4-step ROs are separately configured, the PRACH occasions for 2-step RA in frequency domain, they can be transmitted according to:
· Option 1: the same as 4-step RO when the 2-step RO and 4-step RO are TDMed
· Option 2: separately configured or predetermined relative to the 4-step RO

.
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[bookmark: _Ref6433376]Figure 2 illustration of different PRACH resource configurations in frequency for 2-step and 4-step RACH


[bookmark: _Toc7820992]When the 2-step ROs and 4-step ROs are shared, the PRACH occasions for 2-step RA in frequency domain is the same as 4-step RO
[bookmark: _Toc7820993]When the 2-step ROs and 4-step ROs are separately configured, the PRACH occasions for 2-step RA in frequency domain can be either separately configured or predetermined relative to the 4-step RO, and when 2-step RO and 4-step RO are TDMed, they can be the same.
3.3	Invalidation rules
For 4-step RO configuration in NR release 15, in case of TDD, semi-statically configured DL symbols and/or actually transmitted SSBs can override and invalidate some time-domain PRACH occasions defined in the PRACH configuration table. More specifically, PRACH occasions in the UL symbols are always valid, and a PRACH occasion on the flexible symbols in one slot is valid as long as it does not precede or collide with an SSB in the RACH slot and it is at least N symbols after the DL symbols and the last symbol of an SSB. N is 0 or 2 depending on PRACH format and subcarrier spacing.
These rules are also valid for 2-step RO configuration.

[bookmark: _Toc7820994]The invalidation rules used for 4-step RO are also valid for 2-step RO

When 2- and 4-step ROs are separately configured, the 2-step RO may still collide with 4-step RO in some configurations. If this collision happens, an invalidation rule can be defined, where the rule can be that only 4-step RA is allowed on the 4-step ROs when they overlap with the 2-step RO and 2-step RA will be blocked.
[bookmark: _Toc7820995]When separate ROs are configured for 2-step and 4-step RACH, the 2-step ROs overlapping with 4-step ROs are blocked, and only 4-step RA is allowed on the overlapped 4-step ROs.
4	Preamble configuration and SSB to preamble mapping in 2-step RA
In NR release 15, the preambles for 4-step RA are configured together with the SSB to preamble mapping via configuring the total number of preambles, the number of contention based preambles per SSB per PRACH occasion, and the number of SSBs per PRACH occasion. 
The mapping between SSB and preambles is done by consecutively associating a number of preambles to each SSB, and as illustrated in Figure 3 the preambles are taken in the following order 
-	First, in increasing order of preamble indexes within a single PRACH occasion.
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.
-	Third, in increasing order of time.
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[bookmark: _Ref6428754]Figure 3 illustration of the mapping between SSB and random-access preambles 
For each SSB, the associated preambles per PRACH occasion are further divided into two sets for CBRA and CFRA. Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one PRACH occasion, as shown in Figure 4.
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[bookmark: _Ref6428890]Figure 4 illustration of the associated preambles for CBRA and CFRA per SSB per PRACH occasion
Based on the discussions in section 3, the 2-step RO and the 4-step RO may be either shared with separately preambles configured or are separately configured. The detail SSB to preamble and RO mapping may be different for these 2 cases.
4.1	SSB to preamble mapping when separate ROs are used for 2-step RA and 4-step RA
[bookmark: _Hlk7641360]When the 2-step ROs are separately configured from the 4-step ROs, which means the valid 2-step ROs will not overlap with the 4-step ROs, thus the preamble configuration and the SSB to preamble mapping can be the same between 2-step and 4-step RA.
But if it may also be desirable to allow the flexibility to configure the preambles and the preamble to SSB mapping for 2-step RA separately, in which case another set of configuration parameters similar to those for 4-step RA can be introduced for this purpose.
[bookmark: _Toc7820996]When 2-step ROs are separate from 4-step ROs, the preamble configuration and the SSB to preamble mapping for 2- and 4-step RA can be the same or can be separately configured.
Another thing related to the SSB to preamble mapping for 2-step RA is whether CFRA is supported by 2-step RA, if it’s not supported, the total number of preambles can be only used for contention based random access.
Observation 1 When 2-step ROs are separately configured, the total number of preambles on 2-step RO can be reduced if CFRA is not supported by 2-step RA.
4.2	SSB to preamble mapping when shared ROs but separate preambles are used for 2-step RA and 4-step RA
When an RO is used by both 2-step and 4-step RA, different sets of preambles will be used for 2-step RA and 4-step RA. A set of the preambles to be used for 2-step RA and how they’re mapped to SSBs should be determined considering both the signaling overhead and the effect on the preamble usage in 4-step RA.
When the preambles per PRACH occasion used for 4-step RA are configured such that totalNumberOfRA-Preambles < 64, and the rest or a subset of the 64 - totalNumberOfRA-Preambles preambles are used as the preambles for 2-step RA per RO.
As an example, shown in Figure 5, the number of preambles configured for 4-step RA is totalNumberOfRA-Preambles = 56, and the remaining 8 preambles are used for 2-step RA, with 2 preambles per SSB.
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[bookmark: _Ref6435735]Figure 5 illustration of preamble indices configuration for 2-step and 4-step RA, where preambles per PRACH occasion are divided for 2-step and 4-step RA.
In another example, part of the CFRA preambles for 4-step RA are configured as preambles for 2-step RA, so the network node should avoid using these preambles for Rel-15 CFRA. This can be done either via network implementation, or by specifying a rule that the preambles configured for 2-step RA, are not valid for Rel-15 CFRA.
As is shown in Figure 6, the number of preambles configured for both 2-step and 4-step RA is 64, and the number of CBRA preambles configured for 4-step RA per SSB per PRACH occasion is 4, the number of preambles configured for 2-step RA per SSB per PRACH occasion is 2, and the rest of preambles are for CFRA.
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[bookmark: _Ref6437126][bookmark: _Ref7819488]Figure 6 illustration of preamble indices configuration for 2-step and 4-step RA, where some CFRA preambles for 4-step RA are configured to be used as preambles for 2-step RA
[bookmark: _Toc7820997]A set of the preambles to be used for 2-step RA and how they’re mapped to SSBs should be determined considering both the signaling overhead and the effect on the preamble usage by R15 UEs.
5	Power control of msgA
5.1 Power control of the msgA preamble
Below 2 options were agreed to be down-selected in RAN1 #96b meeting regarding the 2-step RACH preamble power control.
Agreements:
For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.

To allow the flexibility of power settings for 2-step RA, especially when 2-step ROs are separately configured, option 1 is preferred.
[bookmark: _Toc7820998][bookmark: _Toc4756954][bookmark: _Toc4756969][bookmark: _Toc4756996][bookmark: _Toc4757097][bookmark: _Toc4757108][bookmark: _Toc4699195][bookmark: _Toc4756802][bookmark: _Toc4756829][bookmark: _Toc4756882][bookmark: _Toc4756902][bookmark: _Toc4756910][bookmark: _Toc4756955][bookmark: _Toc4756970][bookmark: _Toc4756997][bookmark: _Toc4757098][bookmark: _Toc4757109][bookmark: _Toc4699196][bookmark: _Toc4756803][bookmark: _Toc4756830][bookmark: _Toc4756883][bookmark: _Toc4756903][bookmark: _Toc4756911][bookmark: _Toc4756956][bookmark: _Toc4756971][bookmark: _Toc4756998][bookmark: _Toc4757099][bookmark: _Toc4757110][bookmark: _Toc4757100]Option 1 is applied for the power control of the msgA preamble.
5.2 Power control of the msgA PUSCH
A list of power control parameters for msgA PUSCH were considered and discussed in the RAN1 #96b meeting with below agreements met.
Agreements:
[bookmark: _Hlk5855601]For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power reduction priority rule in CA/DC
A detail analysis of all the parameters is provided in our contribution [1].
[bookmark: _Toc7820999]Further discuss and down-select the options for the power control parameter configurations.
6	Beam association between preamble and PUSCH
Below agreements were met in RAN1 #96b meeting regarding the beam relationship between msgA preamble part and the msgA PUSCH part.
Agreements:
· For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
Considering the support of analog beamforming, which is also discussed in our channel structure paper [2] for the mapping between preambles in one or more ROs and the one or multiple POs, same RX beam is assumed at the network side for the reception of different PUSCH transmissions. But the Tx beam is up to the UE implementation which is the same as the uplink transmissions in NR release 15. Thus, option 2 is preferred.
[bookmark: _Toc7821000]Option 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.
Conclusion
Based on the discussion in the previous sections we have the following observations and proposals:
Observation 1 	When 2-step ROs are separately configured, the total number of preambles on 2-step RO can be reduced if CFRA is not supported by 2-step RA.

Proposal 1	When 2-step ROs are separately configured, it should be discussed whether legacy 4-step PRACH configuration tables, or a set of extended PRACH configuration tables, or a set of separately configured PRACH configuration tables are used for the time domain 2-step RO configuration.
Proposal 2	When 2-step ROs are shared with 4-step ROs, it should be further studied whether all the 4-step ROs are shared by 2-step RA or a subset of the 4-step ROs can be configured to be shared by 2-step RA.
Proposal 3	When the 2-step ROs and 4-step ROs are shared, the PRACH occasions for 2-step RA in frequency domain is the same as 4-step RO
Proposal 4	When the 2-step ROs and 4-step ROs are separately configured, the PRACH occasions for 2-step RA in frequency domain can be either separately configured or predetermined relative to the 4-step RO, and when 2-step RO and 4-step RO are TDMed, they can be the same.
Proposal 5	The invalidation rules used for 4-step RO are also valid for 2-step RO
Proposal 6	When separate ROs are configured for 2-step and 4-step RACH, the 2-step ROs overlapping with 4-step ROs are blocked, and only 4-step RA is allowed on the overlapped 4-step ROs.
Proposal 7	When 2-step ROs are separate from 4-step ROs, the preamble configuration and the SSB to preamble mapping for 2- and 4-step RA can be the same or can be separately configured.
Proposal 8	A set of the preambles to be used for 2-step RA and how they’re mapped to SSBs should be determined considering both the signaling overhead and the effect on the preamble usage by R15 UEs.
Proposal 9	Option 1 is applied for the power control of the msgA preamble.
Proposal 10	Further discuss and down-select the options for the power control parameter configurations.
Proposal 11	Option 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.
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