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[bookmark: _Ref178064866]1	Introduction
The following topics are discussed in this paper to address below topics with some remaining issues based on the agreements from 3GPP RAN1#96 and RAN1 #97 meetings: 
· 2-step random access occasion definition relative to the 4-step RO
· Preamble configuration and SSB to preamble mapping
· Beam association between preamble and PUSCH
· Power control of msgA
· msgA transmission: retransmission, msgA/msg1 preamble performance, frequency hopping, MCS determination
· msgB transmission: CORESET determination
[bookmark: _Toc1162283][bookmark: _Toc1162386]2	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]2.1	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]
[image: ]

[bookmark: _Ref15634452]Figure 1 illustration of different PRACH resource configurations in time for 2-step and 4-step RACH
[bookmark: _Toc16935325]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: _Toc16935326]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.
2.2	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: _Toc16935327]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: _Toc16935328]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.
2.3	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: _Toc16935329]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: _Toc16935330]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.
3	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.
[image: ]
[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.
3.1	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: _Toc16935331]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.
[bookmark: _Ref13578813]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.
3.2	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 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, 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.
[image: ]
[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: _Toc16935332]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.
4	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 [1] 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: _Toc16935333]Option 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.
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.

In RAN1 #97 meeting, only below agreements were made:
Agreements:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
To allow the flexibility of power settings for 2-step RA, especially when 2-step ROs are separately configured, option 1 is preferred.
[bookmark: _Toc16935334][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 and in RAN1 #97 meeting, below agreements were made:
[bookmark: _Hlk8932679]Agreements:
During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 

In the agreement, the  function in the formula for the MsgA PUSCH Tx power in transmission instance  should be corrected to be a  function.
[bookmark: _Toc16935335]Change  function to  function in the formula the MsgA PUSCH Tx power in the agreement.
Besides the error mentioned above, the remaining issues below for msgA PUSCH power control will be addressed in the following subclauses respectively: 
· cell-specific MsgA alpha, 
· power ramping parameters for msgA preamble and msgA PUSCH, 
· and Power reduction priority.
5.2.1	Pathloss scaling
Agreements RAN1 #97:
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
FFS: cell-specific MsgA PUSCH alpha

As long as there’s UE specific signaling for msgA alpha configuration, a cell-specific MsgA PUSCH alpha can be also configured in case a UE specific msgA alpha is not available. If neither of the UE specific and cell-specific msgA alpha is available, the msg3-alpha is used for msgA PUSCH. 

The benefit of this cell-specific scaling factor for msgA PUSCH is that it allows different path loss scaling between msgA PUSCH and msg3 PUSCH when UE specific msgA alpha is not available.
[bookmark: _Toc16935336]Cell-specific MsgA PUSCH alpha can be configured.
5.2.2	Power ramping of msgA
Agreements RAN1 #97:
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 

This down-selection depends on what kind of reattempt is supported for the msgA transmissions, e.g. when only the msgA PUSCH are reattempted, then Alt2 should be supported. When both preamble and msgA PUSCH are reattempted, both alt 2 and alt 3 are fine.

Regarding the retransmission of msgA (preamble and/or PUSCH part), only below agreement were met in RAN1 96bis:
Agreements:
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
[bookmark: _Ref13578821]Observation 2 	Down-selection of power ramping schemes of msgA PUSCH and msgA preamble depends on the msgA retransmissions schemes.
Alternative 1 is the simplest way to configure a common power ramping counter and a common power ramping step for both msgA PUSCH and msgA preamble. But these two common power ramping parameters do not have to be restricted to be the same as that configured for 4-step RACH preamble transmissions.

Regarding the other 2 alternatives, whether they can be considered should be based on further study on whether there’s any clear benefit to have separate msgA preamble and separate msgA PUSCH reattempt transmissions.
[bookmark: _Ref13578830]Observation 3 	Alt 1 for msgA (preamble + PUSCH) with common power ramping parameters separately configured compared to msg1 power ramping parameters can be the way forward unless there’s a clear benefit to having separate msgA preamble and separate msgA PUSCH reattempts.
5.2.3	Power reduction priority
In NR release 15, the power reduction priority for CA is captured in section 7.5 of 38.213.
A msgA on the serving cell other than PCell can have the same priority as the PRACH transmission for 4-step RA. The msgA transmission can be treated as a whole, although it is composed of two parts: (a) msgA preamble and (b) msgA PUSCH.
To prioritize the msgA transmission over msg1 transmission, since the 2-step RA should be faster than 4-step RA, and considering that the msgA PUSCH is less robust than the preamble transmission, the priority order can be set as below when the msgA preamble and msgA PUSCH are considered as one transmission:
-	msgA transmission on the PCell
-    msg1 PRACH transmission on the PCell
-    PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-    PUCCH transmission with CSI or PUSCH transmission with CSI
-    PUSCH transmission without HARQ-ACK information or CSI
-    SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or msg1 PRACH transmission on a serving cell other than the PCell, or msgA transmission on a serving cell other than the PCell

[bookmark: _Toc7824923][bookmark: _Toc16935337]The msgA transmission as a whole on the PCell is prioritized over other channels in the power reduction priority ordering.
[bookmark: _Toc7824924][bookmark: _Toc16935338]The msgA transmission as a whole on a serving cell other than the PCell has the same priority as the msg1 PRACH transmission on a serving cell other than the PCell.
6	msgA transmission schemes
6.1	Retransmission and reattempt of msgA
In NR RAN1 #96bis meeting and NR RAN2 #106 meeting, below agreements have been made to support the msgA retransmission.
Agreements RAN1 #96bis:
-	MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
o	Option 1: Using the same payload for MsgA PUSCH.
o	Option 2: MsgA PUSCH payload can be different.
o	FFS: Conditions for MsgA retransmission and relation to fall back.
-	FFS: retransmission of PUSCH only.
-	FFS: retransmission of PRACH only.
Agreements RAN2 #106:
-	From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH
For msgA, it is required to determine the preamble ID and PUSCH occasion when msgA is retransmitted. This may depend on whether a dynamic grant for msgA PUSCH (even the preamble part) or a reserved msgA PUSCH resource should be used.
Unlike the msg1 re-transmissions that are one-shot in nature, the msgA resources (at least msgA PUSCH resources) used in the retransmissions of one UE need to be known by the gNB in order to perform soft combining between different transmission and retransmissions. If soft combining is not required for the msgA PUSCH retransmission, then each msgA PUSCH retransmission can be treated as a reattempt or retransmission which can be independent from each other.
Observation 4 	Whether HARQ combining is required or not should be considered for the design of msgA PUSCH retransmission.
If the msgA PUSCH retransmission requires soft combining, then the gNB needs to know whether a transmission is a retransmission and also the retransmission instance. One way may be to reserve some preambles for the retransmissions. This will reduce the number of preambles that can be used for the initial msgA and msg1 transmissions. Another option could be to reserve the PO resources for msgA PUSCH retransmissions which also increase the PO resource overhead. So pure msgA reattempt may be preferred.
When no HARQ combining is required, some of the resources used for retransmissions also need to be defined, e.g. RV patterns can be predetermined in a similar or same way as NR release 15 or cell-specifically configured.
[bookmark: _Toc16935339]Support msgA PUSCH retransmissions/reattempts without HARQ combining considering the complexity and resource overhead of msgA PUSCH reception.
When msgA PUSCH only retransmission is to be supported, an uplink grant can be included in a response message from gNB to UE to trigger the retransmission of a msgA PUSCH. This would trigger the msgA PUSCH retransmission dynamically and the uplink grant can be also treated as a implicit ACK/NACK.
[bookmark: _Toc16935340]Support msgA PUSCH only retransmissions via a dynamic grant in a message in response to a failed msgA PUSCH reception.
6.2	Performance of msgA preamble and msg1 preamble
A LS [2] from RAN2 has been sent to RAN1 for the clarification on the preamble difference between msg1 preamble and msgA preamble.
It is obvious that the preamble performance difference may be different when 2-step RACH and 4-step RACH are in different ROs since separate RACH configurations and power configurations may be applied to 2-step RA.
In addition, 2-step RACH and 4-step RACH even in the same RO can have different performance, due to following reasons: 
· PUSCH is more likely to collide, and therefore lead to more retries than preambles, which causes 2-step preamble power will be ramped higher due to collision
· Difficult to have same 2-step and 4-step power even with PRACH-PUSCH power offset, since ramping varies according to load
· 2-step can be more or less reliable than 4-step depending on 2- & 4-step configuration and cell load
· Different number of preambles may be allocated for 2-step and 4-step RACH
· Different number of UEs in a cell may support 2-step and 4-step RACH
· Neighbouring gNBs may not support 2-step RACH, but may support 4-step, so 4-step can have more coverage by gNBs and/or better capacity than 2-step 
According to above, there could be some performance difference no matter whether 2-step RO and 4-step RO are shared or separately configured. Thus, it could be beneficial to allow UE to fall back to 4-step after a number of retries from a RAN1 perspective.
[bookmark: _Toc16935341]The UE on a given UL carrier to fallback to 4-step RA after a number of retries on 2-step RA seems useful from a RAN1 perspective.
6.3	msgA PUSCH repetition (inter-slot) and frequency hopping
As is known, msgA PUSCH performance may be limited due to the collision between different UEs on the same time frequency resource, so to allow the frequency hopping can improve the PUSCH performance especially when different hopping patterns can be defined for different UEs having msgA PUSCH transmissions on the same resource.
[bookmark: _Toc16935342]Frequency hopping should be supported for msgA PUSCH transmissions.

Different from msg3 PUSCH, the msgA PUSCH is not scheduled by any signaling or message for the initial transmission. How to enable or disable the msgA PUSCH hopping should be considered, at least for its initial transmission in initial random access.
[bookmark: _Ref15560446]Observation 5 	msgA PUSCH frequency hopping configuration should be separately configured compared to msg3 PUSCH at least for the initial transmission for the initial random access.
Intra-slot frequency hopping is supported for msg3, which is enabled by the frequency hopping flag indicated in RAR message for the initial transmission and indicated in DCI format with CRC scrambled by TC-RNTI for the retransmissions of msg3. So at least intra-slot frequency hopping should be supported for msgA PUSCH.
[bookmark: _Toc16935343]At least intra-slot frequency hopping should be supported for msgA PUSCH transmissions.

Whether inter-slot frequency hopping can be supported should also be considered and it may depend on the msgA PUSCH transmission schemes, e.g. whether msgA PUSCH repetition is supported for msgA PUSCH. If the msgA PUSCH repetitions is supported, the inter-slot frequency hopping can be supported.
Besides, the frequency hopping mode may also depend on the msgA PUSCH occasion structure definition as it’s better to finish the transmissions of msgA PUSCH within the duration of the PO structure to reduce the msgA reception time. For example, when multiple slots are configured in one msgA PUSCH occasion structure, an inter-slot frequency hopping pattern can be defined within a msgA PUSCH occasion structure. As illustrated in Figure 7, the PUSCH is transmitted on the 1st PUSCH occasion for the 1st hop and repeated on the 2nd PUSCH occasion for the 2nd hop.



[bookmark: _Ref15563663]Figure 7 illustration of inter-slot frequency hopping of msgA PUSCH
[bookmark: _Ref15560487]Observation 6 	Whether inter-slot frequency hopping should be supported for msgA PUSCH depends on whether the msgA PUSCH repetition is supported and the definition of msgA PUSCH occasion structure.
6.4	msgA PUSCH MCS determination
6.4.1	MCS table and MCS index range determination
In release 15, two MCS tables with highest modulation order of 64-QAM are defined for PDSCH transmission in TS 38.214. One is the “qam64” MCS table for OFDM, while the other is the “qam64LowSE” table, which are also used for PUSCH transmissions when transform precoding is disabled.
For PUSCH transmissions with DFT-S-OFDM waveform, another two MCS tables with highest modulation order of 64-QAM are defined.
As is known the msgA PUSCH transmission can be colliding with each other on the same resource and is performance limiting channel in the 2-step random access procedure. Thus, low spectral efficiency 64QAM MCS tables, and a range of lower MCS values with lower target coding rate in the tables may be preferred. 
On the other hand, there might be also cases that when the load is not that high and MCS tables and values with high spectrum efficiency may be preferred. So MCS table and allowed MCS index values can also be cell-specifically configured via system information.
[bookmark: _Toc16935344]A range of lower MCS index values in low spectra efficiency MCS table should be supported for msgA PUSCH. The actual MCS index values and MCS table can be either fixed or separately configured in system information.
6.4.2	MCS index value determination
As discussed in RAN1 #97 meeting, the MCS index can be configured or indicated for both options for defining the msgA PUSCH occasions. 
Agreements:
The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)

If only one MCS value is configured in system information, there’s no need to indicate the MCS values via preamble information or PUSCH resource unit definition. 
If only one set of multiple of MCS index values are configured, which MCS to be used can be implicitly indicated by the PO or PRU definition.
If multiple sets of MCS values are configured for msgA PUSCH, which set of MCS values to be applied can be associated to a predetermined link quality requirement. An example is to configure thresholds similar to what is done for selection of the Supplementary Uplink (SUL) carrier where the “if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL” the SUL carrier is selected and otherwise the normal NR UL is selected. In case of MCS selection, the same measurement quantity can be used but compared to a different threshold (one or several). The selection should be done during the random access procedure Initialization (Section 5.1.1 in 38.321). Furthermore, different thresholds could be applied depending on if the SUL or normal UL has been selected.
[bookmark: _Toc16935345]MCS value for the msgA PUSCH transmissions can be one fixed value, implicitly indicated by PRU definition from a set of MCS values only defined or from the set of MCS values selected based on the link quality from a multiple sets of MCS values.
7	msgB transmission schemes
7.1	CORESET and search space for msgB PDCCH monitoring
In NR release 15, the CORESET for RAR and contention resolution in the 4-step random access procedure can be configured by the RACH configuration in SIB1. If not configured in SIB1, then, CORESET 0 is used as the default CORESET for the RACH procedure.
Type1 C-SS (Common Search Space) for the 4-step random access procedure can be configured in SIB1. If not configured in SIB1, then, Type0 C-SS is used as the default search space for the RACH procedure.
When introducing the new 2-step random access procedure, the msgA PUSCH part is transmitted in the same message as the preamble part, after which msgB is transmitted in a PDSCH scheduled by PDCCH within a CORESET to be monitored by UE. Which CORESET and search space to be used should be determined.
For simplicity, the CORESET definition for msg2 and msg4 in 4-step RA can be used by msgB in 2-step RA.
But for the search space definition, if we reuse the search space definition method used by msg2 and msg4 for msgB, and when Type0 C-SS is used as the default C-SS for msgB due to Type1 C-SS is not configured, the delay between msgA and the start of the msgB window can be up to 20 ms (when SSB and CORESET0 are multiplexed in a TDM manner) and up to the SS periodicity (when the SSB and CORESET0 are multiplexed in a FDM manner). So, this requires Type1 C-SS is always configured to reduce the delay.
[bookmark: _Toc16935346]Consider the delay between msgA and the start of msgB window when defining the CORESET and search space for msgB transmission.
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.
Observation 2 	Down-selection of power ramping schemes of msgA PUSCH and msgA preamble depends on the msgA retransmissions schemes.
Observation 3 	Alt 1 for msgA (preamble + PUSCH) with common power ramping parameters separately configured compared to msg1 power ramping parameters can be the way forward unless there’s a clear benefit to having separate msgA preamble and separate msgA PUSCH reattempts.
Observation 5 	msgA PUSCH frequency hopping configuration should be separately configured compared to msg3 PUSCH at least for the initial transmission for the initial random access.
Observation 6 	Whether inter-slot frequency hopping should be supported for msgA PUSCH depends on whether the msgA PUSCH repetition is supported and the definition of msgA PUSCH occasion structure.
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 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.
Proposal 10	Option 1 is applied for the power control of the msgA preamble.
Proposal 11	Change  function to  function in the formula the MsgA PUSCH Tx power in the agreement.
Proposal 12	Cell-specific MsgA PUSCH alpha can be configured.
Proposal 13	The msgA transmission as a whole on the PCell is prioritized over other channels in the power reduction priority ordering.
Proposal 14	The msgA transmission as a whole on a serving cell other than the PCell has the same priority as the msg1 PRACH transmission on a serving cell other than the PCell.
Proposal 15	Support msgA PUSCH retransmissions/reattempts without HARQ combining considering the complexity and resource overhead of msgA PUSCH reception.
Proposal 16	Support msgA PUSCH only retransmissions via a dynamic grant in a message in response to a failed msgA PUSCH reception.
Proposal 17	The UE on a given UL carrier to fallback to 4-step RA after a number of retries on 2-step RA seems useful from a RAN1 perspective.
Proposal 18	Frequency hopping should be supported for msgA PUSCH transmissions.
Proposal 19	At least intra-slot frequency hopping should be supported for msgA PUSCH transmissions.
Proposal 20	A range of lower MCS index values in low spectra efficiency MCS table should be supported for msgA PUSCH. The actual MCS index values and MCS table can be either fixed or separately configured in system information.
Proposal 21	MCS value for the msgA PUSCH transmissions can be one fixed value, implicitly indicated by PRU definition from a set of MCS values only defined or from the set of MCS values selected based on the link quality from a multiple sets of MCS values.
Proposal 22	Consider the delay between msgA and the start of msgB window when defining the CORESET and search space for msgB transmission.
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