3GPP TSG RAN WG1 #98bis	R1-1911540
Chongqing, China, October 14th–20th, 2019

Agenda Item:	7.2.1.1
Source:	ZTE
[bookmark: _GoBack]Title:	FL Summary #4 of Channel Structure for 2-step RACH 
Document for:	Discussion and decision 

[bookmark: _Ref129681862][bookmark: _Ref124589705][bookmark: _Ref129681832]Introduction
This document summarizes the key issues discussed under agenda 7.2.1.1 Channel Structure for Two-step RACH based on the views expressed in the contributions submitted to this agenda.
Channel Structure
msgA PUSCH configuration
The following agreements have been made in RAN1#98 meeting.Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB
Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities

Agreements 
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration

The remaining open issues for the msgA PUSCH configurations are listed as follows.
· Details for time and frequency domain resource allocation
· Details for multiple configurations 
· Validation rule of msgA PUSCH

Time and frequency resource allocation
The remaining details of the time and frequency resource allocation include:
1) FFS how to handle the overlapping between POs
2) FFS whether and how to support different configuration periodicities
3) FFS: configurable PRB-level guard band, up to 1 PRB
4) Value ranges of the RRC parameters

1. FFS how to handle the overlapping between POs
Based on the contributions submitted to RAN1#98bis, companies’ preference are summarized in Table 1.
Table 1 Companies views on the handling of overlapped POs
	Company
	Views

	ZTE [0002]
	There could two ways to handle the overlapped resources: 1) consider it as two POs, 2) consider it as one PO. The former would lead to higher overloading on the overlapped resources and also complicated the mapping order, and thus is not recommended. The latter solution would simplify the mapping design, for example there will be 3 POs mapped to the two PRACH slots as depicted in Figure 3, and the PRUs on the overlapped PO will only be counted once.

	Huawei [0031]
	To solve the issue of overlapping POs, one solution is to have limitation on the PUSCH configuration, so that overlapping between POs is not expected. However, this will limit the configuration of PO group. Another possible solution is to specify the mapping rules when there are overlapping POs. As shown in Figure 2, the preambles in slot #8 and slot #9 can be considered together for the mapping between preambles and PRUs. Then, the collision probability of PRUs can be balanced. A similar solution is to only consider the PRUs not overlapped with the previous PO group during the mapping.

	Samsung [0455]
	If the PUSCH occasion is collided with other PUSCH occasion, only one of them will be valid, and it’s belong to the RACH slot in the front.

	Nokia [0688]
	Proposal 6: POs should be deferred rather than dropped in case of overlapping with other ROs or POs.
Proposal 7: If a PO overlaps with that of a previous slot, the first PO is delayed to the earliest UL slot that doesn’t overlap with POs of a previous slot.

	Qualcomm [1405]
	Proposal 2: Partial overlapping of msgA PUSCH occasions (PO)of different resource size can be supported when the size of overlapping resource is integer multiples of the smaller PO (e.g. Figure 2 and Figure 3, [18]). The two overlapping POs can both be counted as valid.




Agreements:
· Regarding the potential overlapping of msgA PUSCH occasions for a PUSCH configuration:
· Limit the msgA PUSCH configuration so that overlapping between PUSCH occasions is not expected

2. FFS whether and how to support different configuration periodicities
Based on the contributions submitted to RAN1#98bis, companies’ preference are summarized in Table 2.
Table 2 Companies views on the configuration periodicity and offset
	Company
	Views

	ZTE [0002]
	In short we think the value range could be the same as PRACH, and only PUSCH periodicity equal to or larger than PRACH can be useful. The reasons are given as follows:
- For smaller periodicity, the motivation may be to increase the number of PRUs. However this can be also achieve by increasing the number of PUSCH slots configured under the same periodicity. As illustrated in Figure 1, smaller periodicity performs no benefit in terms of latency compared with more PUSCH slots under the same periodicity. 
- Larger periodicity may be used to save the reserved resource overhead of PUSCH, POs can be configured by reusing the single offset related to PRACH slot in the 10ms frame.

	Huawei [0031]
	Observation 3: With separate PUSCH configuration, there will be no overlapping POs, and the issues in TDD case can also be mitigated. 
Proposal 3: Separate PUSCH configuration should be supported, i.e. the periodicity of PUSCH configuration can be different from PRACH configuration periodicity.
Observation 4: The periodicity of PO groups can have small value range to reduce signaling overhead, and the POs not associated with any ROs can be reused for other purpose.
Proposal 4: At least for separate PUSCH configuration, the periodicity of PO groups can be smaller than PRACH configuration period.
One example for the value range of periodicity can be {1, 2, 5, 10} ms 

	CMCC [0159]
	1) the configuration periodicity of RO is a multiple of PO. his case can be handled under current signaling framework, which can be regarded as a combination of two PO configurations with the same periodicity as RO but separate time offsets.
2) the configuration periodicity of PO is a multiple of RO. Configuring a single time offset is also workable once the gNB indicates which RO is used as the reference point. 
2) the configuration periodicity of RO is longer than that of PO but not an integer-multiple. Not preferred

	vivo [0198]
	Proposal 3: In addition to same configuration periodicity for msgA PRACH and PUSCH, support different configuration periodicities.
·The periodicities for msgA PUSCH configurations can be configured as an integer times by or a division by msgA PRACH configuration periodicity.

	Samsung [0455]
	Observation 2: both options can work for 2step RACH.

	Nokia [0688]
	Proposal 1: MsgA PRACH and PUSCH should operate using the same periodicity only.

	Sony [0743]
	Proposal 1: Support the gNB to have a flexible MsgA PUSCH configuration by supporting both options, such as Option 2 (relative location) is configured as the default mode and Option 1 (separate PUSCH configuration) can be configured to complement Option 2 and/or to be used for specific use-cases.  
Proposal 2: Option 2 should be used for the small payload size (e.g. small MCS/TBS) 
Proposal 3: Option 1 can be used for the larger payload size (e.g. large MCS/TBS) and PUSCH with repetition.

	Panasonic [0775]
	Proposal 1: Different configuration periodicities for Msg.A PRACH and PUSCH is not supported in Rel.16.

	Ericsson [0906]
	Observations
• 2-step RACH configurations currently support a variable number of POs per slot and a variable number of contiguous slots containing POs.
•2-step RACH configurations can have different starting slots allowing configurations to share the same time/frequency resource or to be scheduled in different OFDM symbols.
Proposal
• Further study the benefit of different configuration periodicities for RACH and PUSCH occasions.

	Sierra [0910]
	Proposal 1:  Only support the same periodicity for msgA PRACH and PUSCH

	Apple [0954]
	Proposal 1: Since option 1 (separate configuration) and option 2 (relative location) could provide the same fundamental function, only one of them should be supported.
Proposal 2: Support option 1 (separate configuration) with regard to signaling flexibility and small additional overhead, compared to option 2 (relative location).
Proposal 3: Only support same configuration periodicity for MsgA PRACH and PUSCH.

	OPPO [0987]
	Proposal 4: For option 1, same msgA periodicity value range as PRACH configuration can be used. 
We see no clear motivation to support different periodicities between them.

	Qualcomm [1405]
	Proposal 2: The configuration periodicity for msgA RO and PO can be same or different. When the configuration periodicities of RO and PO are different, the longer periodicity is an integer multiple of the shorter periodicity.




Agreements:
· Different configuration periodicity for msgA PRACH and PUSCH is not supported in Rel.16


3. FFS: configurable PRB-level guard band, up to 1 PRB
Based on the contributions submitted to RAN1#98bis, companies’ preference are summarized in Table 3.
Table 3 Companies views on the guard band
	Company
	Views

	ZTE [0004]
	Observation 6: 1PRB frequency gap between POs can avoid the performance loss caused by time/frequency offset, at the cost of reduced resource utilization. When the total frequency resource is limited, making full use of resources can achieve better performance than leaving 1PRBs guard band within each PO.

	Huawei [0031]
	Proposal 5: There is no need to introduce guard band for MsgA PUSCH configuration.

	Samsung [0455]
	Proposal 10:  a PUSCH resource unit should support including a guard band, which can be configured by gNB on a need basis.

	Nokia [0688]
	GB: configurable existence at maximum 1 PRB.

	Ericsson [0906]
	Proposal 1 NR specifications do not support the configuration of one or more guard PRBs between each PO in a msgA PUSCH configuration.

	OPPO [0987]
	Proposal 3: PRB level guard band shall not be defined between FDMed PUSCH occasions

	Qualcomm [1405]
	Proposal 10:  Guard time and PRB-level guard band can be included as RRC parameters for msgA PUSCH.



Point of discussion 2.1.1.3:
· Alt 1: support configurable PRB-level guard band at maximum 1PRB
· Alt 2: Not support PRB-level guard band between FDMed PUSCH occasions in Rel.16


MCS/TBS
Based on the contributions submitted to RAN1#98bis, companies’ preference are summarized in Table 4.
Table 4 Companies views on the MCS/TBS
	Company
	Views

	ZTE [0002]
	For RRC_INACTIVE/IDLE state, since the MCS is preconfigured and the accurate CSI is unknown, it may not be necessary to have very subtle differentiation of different MCS levels. Therefore, in order to further reduce the signaling overhead, For example, two bits are used to indicate the MCS per configuration. The range of MCS levels can be set as {0,3,6,9}. 
In case of larger payload for RRC_CONNECTED state, value range can be taken from that for configured grant as starting point.

	CMCC [0159]
	Proposal 2: For RRC_IDLE/INACTIVE, the modulation scheme of msgA PUSCH could be limited to QPSK only. The QPSK entries in Rel-15 ‘qam64LowSE’ MCS table could be reused. The selected MCS is able to support 72 bits at least.

	LGE [0574]
	For PUSCH in msgA, use very limited number of MCS level (e.g. one or two MCS levels). E.g., only QPSK for CP-OFDM is applied for PUSCH in msgA, and two types of coding rate are used.

	Intel [0636]
	Observation 1
• Relatively large range of MCL difference between MsgA PUSCH and PRACH is observed, which depends on payload size carried by MsgA PUSCH, associated PRACH format, MCS, allocated resource and subcarrier spacing.
• For short PRACH format, when same subcarrier spacing is employed for the transmission of PRACH and PUSCH in MsgA, the coverage difference between PRACH and PUSCH can be relatively small. This may indicate that a large payload size, e.g., > 480 bits, can be carried by MsgA PUSCH for cell center UEs with good channel condition.

	Ericsson [0907]
	Proposal 15	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 16	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 17	Inform RAN2 that 500 and 1000 bit packet sizes appear feasible with high coverage in some scenarios such as UMi 200m ISD.

	Nokia [0688]
	Proposal 20: Prioritize the maximum PUSCH MsgA payload size to 72 bits.

Observation 2. Lower MCL differences between MsgA PRACH and PUSCH are observed for short preamble format A1 than for preamble format 0.
Observation 3. Larger MCL differences between MsgA PRACH and PUSCH are observed using a larger payload size of 1032 bits compared to payload of 72 bits.
[0690]

	OPPO [0384]
	Proposal 1: MsgA should apply pre-configured MCS(s) and time-frequency resources for PUSCH transmission. The pre-configured MCSs and resources should be based on reference payload sizes.

	Sony [0743]
	Proposal 5: The MCS of MsgA depends on the supported TBS of MsgA and QPSK is at least supported.

	Apple [0954]
	Proposal 7: The indicated MCS for MsgA PUSCH should only indicate QPSK.

	Qualcomm [1405]
	Proposal 11:  Network can signal multiple options of msgA PUSCH configuration in SI/RRC, including TBS/MCS/frequency hopping /slot repetition.



Point of discussion 2.1.2:
· For the configuration of MCS and TBS for msgA PUSCH 
· Signalling, down-select from
· Alt 1: MCS only 
· Alt 2: Both MCS and TBS
· TBS value range, down-select from
· Alt. 1: Only support payload size with 56 and 72 bits 
· Alt. 2: Support payload size with {56, 72, 500, 1000} bits
· MCS 
· Table, down-select from
· Use ‘qam64LowSE’ mcs-Table.
· Use 1 bit to indicate which table to be used 
· Value range, down-select from
· Alt 1: QPSK only
· Alt 2: {0,3,6,9}
· Alt 3: Others
· FFS whether the value ranges are the same for all RRC states.
Multiple configurations
The following agreements have been made in RAN1#98 meeting.Agreements [email approval]:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration


The remaining issue is whether or not to support more than 2 configurations, and if supported how to indicate/select the configurations. Companies’ views are summarized in Table 3.

Table 3 Companies views on multiple msgA PUSCH configurations
	Company
	Views

	ZTE [0002]
	· The same configurations (up to two) can be supported among RRC_IDLE/INACTIVE and CONNECTED states for CBRA
· Reuse the same preamble grouping as that from Rel.15
· For larger payload size transmission in msgA for RRC_CONNECTED state, it can be realized by defining a separate PUSCH configuration for CFRA associated with a dedicated RO

	Huawei [0031]
	Proposal 10: For idle/inactive state, support at most two MsgA PUSCH configurations.
Proposal 11: For connected states, support up to two MsgA PUSCH configurations on each UL BWP. If any parameter of PUSCH configuration is not configured for an UL BWP, it can follow that of initial BWP.
Proposal 12: DMRS ports/sequences can be applied to indicate PUSCH configuration.
Proposal 13: FFS whether the selection rule is needed for selection of MsgA PUSCH configuration.

	Fujitsu [0126]
	Proposal 3: When two msgA PUSCH configurations are configured, at least the msgA payload size and the pathloss should be used to select one of the msgA PUSCH configurations.

	InterDigital [0416]
	Proposal 1: msgA PUSCH configurations are indicated using preamble groups.

	Samsung [0455]
	Proposal 13: preamble grouping based solution similar to Rel-15 NR, i.e., group A and group B, can be used to map to indicate different msgA PUSCH configurations, e.g., different TBS/MCS configuration.
Proposal 14: two msgA PUSCH configurations for Rel.16 is enough for all RRC states.

	LGE [0574]
	Proposal 7: 
 If multiple sets of DMRS frequency resource is allowed, each DMRS frequency resource (i.e., CDM group) is configured by msgA PUSCH configuration.
 If multiple MCS levels are allowed for PUSCH transmission, multiple types of PUSCH resource are configured by msgA PUSCH configuration depending on MCS level.
 The value range configured by ssb-perRACH-OccasionAndCB-PreamblesPerSSB-msgA can be divided by N-parts. A part of value range composes a set of RAPID which is associated with an msgA PUSCH configuration. Also, other part of value range is associated with other msgA PUSCH configuration.

	Intel [0634, 0635]
	Proposal 4
· For RRC_INACTIVE/IDLE state, maximum number of MsgA PUSCH configurations is 2.
· For RRC_CONNECTED state, more than 2 MsgA PUSCH configurations are supported. 
· UCI is used to indicate MCS or TBS of MsgA PUSCH transmission.
Proposal 3
Channel quality based criterion is used to select different MsgA PUSCH configurations.

	Nokia [0688]
	Proposal 8: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations.
Proposal 9: Each RRC state, that is, RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED should have possibility for at least two independent MsgA PUSCH configurations.
Proposal 10: When up to two MsgA PUSCH configurations are provided, use preamble groups to indicate which PUSCH configuration is used.
Proposal 11: With three or more MsgA PUSCH configurations, use UCI to indicate the configuration used for the transmission.
Proposal 12: Each MsgA PUSCH configuration should have an associated set of parameters that need to be met prior to the UE transmitting using such configuration. Parameters could be defined in a combination of payload size, RSRP, RSRQ, etc.

	Sony [0743]
	Considering 2-step RACH can be targeted to support various use-cases and scenarios, all four alternatives to indicate the selected 2-step RACH configuration are supported.

	Panasonic [0775]
	Proposal 5: In 2-step RACH, allow gNB to configure a set of TBSs, MCS, and time/frequency resource size for PUSCH in Msg.A. The UE may select a set of these parameters based on the configuration and buffer size.
Proposal 6: The indication of UE selected parameter set is indicated by the selection of RACH preamble resource set or UCI transmitted together with PUSCH.

	Sierra [0910]
	Proposal 2:  Support more than two msgA PUSCH configurations in RRC_INACTIVE/IDLE state. 
Proposal 3:  The UE shall choose from the multiple 2-Step RACH msgA PUSCH configuration at least based on measured RSRP level.
Proposal 4:  Select Alt2, using different preamble groups and/or RO partitioning as msgA PUSCH configuration indication.

	Apple [0954]
	Proposal 4: For RRC_INACTIVE/IDLE state, support up to two MsgA PUSCH configurations for Rel.16.
Proposal 5: For RRC_CONNECTED state, the MsgA PUSCH configurations is separately configured, up to two MsgA PUSCH configurations is supported for Rel.16.

	OPPO [0987]
	Proposal 6: Very limited payload sizes (e.g., 56/72) are supported for RRC idle/inactive UEs. The resource allocation (including MCS and TBS) for RRC connected state UE can be configured with RRC signalling. 
Proposal 7: Up to two msgA PUSCH configurations are slightly preferred for RRC INACTIVE/IDLE states.

	Qualcomm [1405]
	msgA PUSCH occasions of different resource size should be supported within an SSB-to-RO association period
Proposal 6:  Two-step RACH UEs in different RRC states can share the same PUSCH occasion (PO). POs of different resource size can partially overlap in time and frequency.
Proposal 11:  Network can signal multiple options of msgA PUSCH configuration in SI/RRC, including TBS/MCS/frequency hopping/slot repetition. In addition, network can signal criteria such as RSRP and time offset between RO and PO to assist UE’s selection of an appropriate configuration in SI/RRC. UE can indicate its msgA PUSCH configuration (MCS/TBS, resource size of PO, frequency hopping pattern, level of slot repetition, priority, etc.) by using different preamble groups, RO partitioning and UCI piggyback.

	DCM [1155]
	Proposal 7: More than two MsgA PUSCH configuration should be supported for RRC_CONNECTED state and RRC_INACTIVE/IDLE state.
Different preamble groups and/or RO partitioning is used for the indication of different configurations, at least for RRC_INACTIVE/IDLE state.




Point of discussion 2.1.3:
· For RRC_IDLE/INACTIVE state, down-select from
· Alt. 1: Not support more than 2 msgA PUSCH configurations for Rel.16
· Alt. 2: Support up to [x] configurations. And for the indications of different configurations, down-select from
· Alt 2.1: Using different preamble groups
· Alt 2.2: Using different preamble groups and/or RO partitioning
· Alt 2.3: Using UCI based indication
· Alt 2.4: Using different DMRS ports/sequences
· For RRC_CONNECTED state, down-select from
· Alt. 1: Reuse the 2 (or [x]) configurations and the indication method for RRC_IDLE/INACTIVE state,
· Alt. 2: Support up to 2 (or [x]) configurations in each UL active BWP. 
· If any parameter of PUSCH configuration is not configured for an UL BWP, it can follow that of initial BWP.
· Reuse the indication method as defined for RRC_IDLE/INACTIVE state
· Alt. 3: Support up to 2 (or [x]) separate configurations in addition to those for RRC_IDLE/INACTIVE state. And for the indications of different configurations, down-select from
· Alt 3.1: Using different preamble groups
· Alt 3.2: Using different preamble groups and/or RO partitioning
· Alt 3.3: Using UCI based indication
· Alt 3.4: Using different DMRS ports/sequences
· Alt 4: Using a separate PUSCH configuration for CFRA associated with a dedicated RO
· For the rule or criterion for UE’s selection of msgA PUSCH configuration, down-select from
· Alt. 1 : gNB signaling the criterion
· Alt 1.1: msgA payload size
· Alt 1.2: RSRP
· Alt 1.3: RSRQ
· Alt 1.4: timing offset between RO and PO
· Alt 1.5: Combination of the above
· Alt. 2: Up to UE implementation

Validation rule of msgA PUSCH
Companies’ views on the validation of msgA PUSCH occasions are summarized in Table 4.
Table 4 Companies views on the validation of msgA PUSCH occasions
	Company
	Views

	ZTE [0002]
	Proposal 3:
· Validation rule for 2-step RACH occasion follows that for 4-step RACH occasion
· A 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it does not overlap with any 4-step or 2-step RACH occasions, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol
· it does not span across the slot boundary 
· it starts at least  symbols after the associated RACH occasion
· FFS other criteria
· The invalid PO will be neglected for the mapping design.

	Huawei [0031]
	Proposal 6: A PO is invalid if it overlaps with any 2-step or 4-step RACH occasions.

	Fujitsu [0126]
	Proposal 4: The invalidation rule for the PUSCH occasions should be also defined. Furthermore, the invalidation rule for the ROs and the POs should be applied after the mapping between preambles and PUSCH resource units has been established.

	Vivo [0198]
	Proposal 9: For msgA PUSCH, similar mechanism as PRACH validation rule for msgA PUSCH can be adopted.
• If UE is configured with cell-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the cell-specific TDD configuration.
• If UE is configured with UE-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the UE-specific TDD configuration and following conditions are satisfied.
o It does not precede a SSB in the slot containing the PUSCH occasion
o If it starts at least Ngap_PUSCH symbols after a last DL symbol, where Ngap_PUSCH is predefined
Proposal 10: UE behavior of msgA transmission according to the validation of PRACH occasion and PUSCH occasion needs to be specified.
• UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid.

	Samsung [0453]
	• same as the RACH occasion validation, the PO is valid if it is inside the UL part, of not preceding the last symbol of “DL part or last SSB in the PUSCH slot” plus the N pre-defined gap;
In addition, we can also consider that 
• If the PUSCH occasion is collided with valid RO (no matter it is 2step RO or 4step RO), it is invalid;
• If the PUSCH occasion is collided with other PUSCH occasion, only one of them will be valid.

	LGE [0574] 
	0) Validation check which PO(s) is/are available. 
A. PO(s) in flexible/UL slot is/are available. 
B. PO(s) after N- symbol gap duration from last DL symbol is/are available.
C. PO(s) which is/are not collided with SSB is/are available.

	Intel [0634]
	• For the validation rule of MsgA PUSCH occasions, 
o If semi-static TDD DL/UL configuration is configured, transmission occasion of MsgA PUSCH may only occupy UL or flexible symbol within a slot
o MsgA PUSCH may not be transmitted within a gap after DL symbols or SSB or may not be transmitted prior to SSB in a slot

	Nokia [0688]
	Proposal 5: When mapping POs to slots, only designated UL slots should be considered as valid
Proposal 14: Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
Proposal 15: If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority and the 2-step PRACH occasion is deferred to the next valid UL slot. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority and the 2-step PRACH occasion is deferred to the next valid UL slot.

	Panasonic [0775]
	Validation rule for 2-step RACH occasion follows that for 4-step RACH occasion.
 A 2-step RACH occasion is considered as valid if the following criteria are satisfied.
 It does not overlap with any 4-step or 2-step RACH occasions, and
 It does not span across the slot boundary, and
 It starts at least Ngap symbols after associated RACH occasion, and
In addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
 It is within UL symbols, or
 It does not precede a SS/PBCH block in the PRACH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol

	Qualcomm [1405]
	Observation 3:  The following rules can be supported for PO validation in two-step RACH:
• PO validation in two-step RACH needs to be jointly considered with RO validation;
• A valid PO for two-step RACH should consider at least the minimum gap before msgA payload transmission, the criterion for two-step RACH type selection and the compatibility with slot format;
• For POs configured for two-step RACH:
o partial or full overlapping with ROs configured for two-step/four-step RACH is invalid;
o partial or full overlapping with UL channels/signals not used for PO is invalid;
o such invalid PO configuration can be avoided by network, and is not expected by UE.

	DCM [1155]
	Proposal 2: The validation rule for MsgA PO based on TDD configuration and SSB location should be defined, similarly as the rule for valid/invalid RACH occasion in Rel-15.
 FFS: whether or not the validation rule for MsgA PO based on location of MsgA RO is defined.

	CAICT [1196]
	Option1: Subtract the unavailable PRACH/PUSCH resources from the configured PRACH/PUSCH resources and then carry out the mapping between PRACH preamble and PRU. 
Observation3: There are also two options to handle the problem if a PRACH preamble is mapped to a PRU ahead of it during the mapping process:
 Option1: Re-map to a PRU right after the preamble, and the following mapping between PRACH preamble and PRU is adjusted accordingly.



Agreements:
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether  Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)

Point of discussion 2.1.4.2:
· If an msgA PUSCH occasion is invalid, down-select from:
· Alt 1: the PUSCH occasion is not mapped to any PRACH preambles
· Alt 2: UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid.
· Alt 3: the PUSCH occasion is deferred to the next valid UL slot 

Others
[Configurations of 2-step RO will be handled in 7.2.1.2]
Samsung [0453]: 
Observation 1: allowing only a subset of 4-step RACH ROs can be shared with 2-step RACH could be beneficial.
Proposal 1: gNB configures the number for shared ROs per SSB for 2step RACH.
Proposal 3: PRACH configuration index for 2step RACH is 5bits and used to indicate the entry in the PRACH configuration table for a given preamble format. 
Proposal 4: UE is not expected to received overlapped 2step RACH RO and 4step RACH RO.
Proposal 5: So if a preamble cannot map to a (valid) PUSCH resource unit, it will be not used (i.e., become invalid), or still can be used just without PUSCH in the msgA.
Intel [0634]:
·       For separately configured 2-step and 4-step RACH ROs, UE is not expected to be configured with overlapped RO resources for 2-step and 4-step RACH.
Ericsson [0906]:
• The numerology of PRACH in 4-step RA is the same as that of the 2-step preambles.
Qualcomm [1405]
Observation 2:  The following rules can be supported for RO validation in two-step RACH:
• RO validation in two-step RACH needs to be jointly considered with PO validation. 
• A valid RO for two-step RACH should consider at least the minimum gap before msgA preamble transmission, the criterion for two-step RACH type selection and the compatibility with slot format. 
• For ROs separately configured for two-step RACH:
o partial or full overlapping with ROs configured for four-step RACH is invalid;
o partial or full overlapping with POs configured for two-step RACH is invalid;
o such invalid RO configuration can be avoided by network, and is not expected by UE.
Proposal 4:  Two-step RACH UEs in different RRC states can share the same RO and the same pool of preamble sequences.

Mapping between PRACH preamble and PUSCH resource unit
Association between msgA PRACH and PUSCH
Companies’ views on the association between msgA PRACH and PUSCH are summarized in Table 5.
Table 5 Companies views on the association between RO and PO
	Company
	Views

	ZTE [0002]
	Proposal 5:
·  For separate PUSCH configuration, the following association period and starting point definition for mapping between preamble and PRU could be considered
·  RACH configuration period <= PUSCH configuration period always holds   
·  The duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
·  The association period could be alternatively set as max(PUSCH configuration period, SSB to RO association period) .
·  In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration;
Proposal 8:
·  Further study the pros and cons of enhancements on SSB to PO association
· SSB to PO association should be done implicitly through RO to PO association.

	Huawei [0031]
	Proposal 14: For time offset based PUSCH configuration, the mapping between preambles and PRUs can be applied per one or multiple PRACH slots.
Proposal 15: For separate PUSCH configuration, ROs within the interval from the start of one PO group to the start of next PO group will be mapped to the next PO group.

	CMCC [0159]
	Configuring a single time offset is also workable once the gNB indicates which RO is used as the reference point. An issue needs to be specified is, whether the mapping ratio shall be determined based on the number of available preamble in each RO or the total number of preambles with the PO configuration periodicity.

	Vivo [0198]
	Proposal 4: Support one or multiple PUSCH occasions are associated with a set of SSB
• Mapping ratio between SSBs and PUSCH occasions is configured by higher layer, e.g. N SSB is associated with a PUSCH occasions.
Proposal 5: When multiple FDMed PUSCH occasions are configured, support
• one configuration where all FDMed PUSCH occasions get mapped to the same SSB, where different SSBs are associated with different PUSCH occasions in time domain.
• one configuration where all FDMed PUSCH occasions get mapped to one set of SSBs.
Proposal 6: When multiple PUSCH resource units are configured in a PUSCH occasion and multiple SSB are associated with the PUSCH occasion, support
• one configuration where all PUSCH resources units within a PUSCH occasion get mapped to one set of SSBs
• one configuration where all PUSCH resource units within a PUSCH occasion get mapped interlaced to one set of SSBs
o The interlaced interval L for PUSCH resource units is configurable.

	Samsung [0453]
	Proposal 12: Association between SSB and PUSCH, if supported, could use similar association rule between SSB and RACH.
Observation 3: it’s beneficial for gNB to detect the preamble first before reception of the PUSCH.
For Opt 1:
Observation 4: it is beneficial to define the association between RACH resource and PUSCH resource these are associated to the same SSB index.
Proposal 16: the association rule should be defined between RACH resource and PUSCH resource associated to the same SSB index.
For Opt 2:
Proposal 17: the time domain offset is used to determine the PUSCH occasions instead of association.
Proposal 18: the association between preamble and PRU is performed after the validation of PUSCH occasion and within a SSB-RO association pattern period.

	LGE [0574] 
	Proposal 9: 
 Preambles in available ROs at a RACH slot in front of available POs are mapped to the PRUs in available POs.
 SSB to RO association period is applied to RACH preamble to PRU mapping.
 Preambles in available ROs within an association period for SSB to RO mapping are mapped to PRUs in available POs within the association period.
3) If number of preambles for CBRA in available ROs within an association period is same to or larger than number of PRUs in available POs within the association period, all or subset of preambles for CBRA are mapped to PRUs in available POs.
A. In addition, if a set of number of actually transmitted SSB which mapped to RO within a SSB to RO association period is not fully mapped to PRUs in available POs within a SSB association period, it is not applied that preambles in available ROs are mapped to available PRUs in available POs.
B. Remaining preamble(s) for 2-step RACH which is/are not mapped to PRU can be used for msgA preamble only transmission

	Nokia [0688]
	Proposal 18: Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble.
Proposal 19: Preambles corresponding to different SSBs and/or ROs can be mapped to the same PUSCH resource unit.

	Intel [0634]
	Proposal 7
• One to many mapping between PRACH preamble and associated PUSCH resource unit is not supported. 
• For different MsgA PUSCH configurations, 
o Different number of preambles can be associated with an MsgA PUSCH occasion. 
o Different number of preambles can be mapped to one PUSCH resource unit.

	Panasonic [0775]
	In case SSB to RACH occasion of 4-step RACH, all SSB needs to have the preparation of 4-step RACH are necessary as it is a kind of minimum function. In case of 2-step RACH, it should be allowed that only some SSB support 2-step RACH.

	DCM [1155]
	Proposal 3: Define the mapping between MsgA RACH preambles and MsgA PRUs, and the SSB-to-PO association is indirectly determined.

	CAICT [1196]
	Observation1: In an association period, the starting points of PRACH period and the associated PUSCH period should be further clarified. 
Proposal1: It is suggest to set a time offset between the starting point of PRACH period and the starting point of the associated PUSCH period, to ensure more valid PRACH slots and the associated PUSCH slots.

	Qualcomm [1405]
	Within an association period of SSB to RO, the preamble and the PRU of a msgA should be associated with the same SSB.
Proposal 2: For 1-to-1 and many-to-1 mapping from preamble to PRU,  msgA PRU can be ordered according to the resource index of msgA preamble. For 1-to-many mapping from preamble to PRU, the index of msgA PRU group associated with the same preamble can be ordered according to the resource index of msgA preamble.




Point of discussion 2.2.1:
· Down-select from the following:
· Alt 1: Define the mapping between RACH preambles and PRUs, and the SSB-to-PO association is indirectly determined
· Alt 1.1: the association is between the ROs in each PRACH slot and the POs determined by the single offset related to the PRACH slot
· Alt 1.2: the association is between the ROs in multiple PRACH slot and the POs determined by the single offset related to the PRACH slots
· Alt 1.3: the association is between the ROs and POs in the msgA association period which is defined as 
· Alt 1.3.a: PUSCH configuration period 
· Alt 1.3.b: SSB to RO association period
· Alt 1.3.c: SSB to RO association pattern period
· Alt 1.3.d: msgA association period = max(PUSCH configuration period, SSB to RO association period)
· Alt 1.4: the association is between the ROs within the interval from the start of one PO group to the start of next PO group and the POs in the next PO group
· Alt 2: Define the SSB-to-PO association, and then define the mapping between RACH preambles and PRUs that are associated with the same SSB
· Adopt the similar association rule between SSB and RACH


Offline proposal 2.2.1:
· Define the mapping between RACH preambles and PRUs, and the SSB-RO-PO association is indirectly determined
· Alt 1: the association is between the ROs in each PRACH slot and the POs determined by the single offset related to the PRACH slot
· Alt 2: the association is between the ROs and POs in the msgA association period which is defined as 
· Alt 2.a: PUSCH configuration period 
· Alt 2.b: SSB to RO association period
· Alt 2.c: SSB to RO association pattern period
· Alt 2.d: msgA association period = max(PUSCH configuration period, SSB to RO association period)


Mapping order and mapping ratio
Companies’ views on the ordering of PRACH preambles and PUSCH resource units are summarized in Table 6.
Table 6 Companies views on the mapping order
	Company
	Views

	ZTE [0002]
	The ordering of PSUCH resource unit should be 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· DMRS indexing should prioritize DMRS ports over sequences
· DMRS port should prioritize CDM groups over OCC pattern
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions

	Huawei [0031]
	Proposal 16: The mapping order of PRUs can be DMRS index, frequency resource, and time resource. 
Proposal 17: The mapping ratio between preambles and PRUs can be implicitly signaled, and derived by the number of preambles and the number of PRUs.
Option 1: Multiple consecutive preambles are mapped to one PRU, as shown in Figure 15(a). For example, N preambles start from index i∙N  with consecutive indexes are mapped to PRU with index i.
Option 2: Preambles are one-to-one mapped to PRUs cyclically, as shown in Figure 15(b). For example, preambles with index j∙N+i (j=0,1,…) are mapped to PRU with index i.

	Fujitsu [0126]
	Proposal 1: When the number of preambles available for two-step RACH is limited, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles or to support link adaptation. Whether to support one-to-multiple mapping should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 
Proposal 2: Preambles are mapped onto PUSCH resource units first along DM-RS ports and/or sequences within a single PUSCH occasion, and then in the increasing order of frequency for frequency multiplexed PUSCH occasions, and finally in the increasing order of time for time multiplexed PUSCH occasions.

	Vivo [0198]
	Proposal 2: PUSCH resource unit is ordered according to the DMRS sequence index, DMRS port index and PUSCH occasion index. The PUSCH occasions are numbered in frequency-first and time-second order
Proposal 7: Define association rule for mapping between PUSCH resource units and preambles.
• Step 1: the SSBs are mapped to PUSCH occasions in increase order of SSB, where each PUSCH occasions is associated with N SSBs.
• Step 2: The preambles of a given SSB are mapped to PUSCH resource units according the following order.
o First, in increase order of PUSCH resource units corresponding to a PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
o Second, in increasing order of PUSCH occasion indexes for the associated PUSCH occasions

	Samsung [0453]
	Proposal 15: one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit are not supported.

	Nokia [0688]
	Proposal 17: No support for one-to-multiple mapping when considering the mapping from preamble to MsgA PUSCH configuration.

	Intel [0634]
	Proposal 6
• For SSB and MsgA PRACH association, the mapping order of msgA PRACH preamble follows that of PRACH preamble in 4-step RACH. 
• For MsgA PRACH and PUSCH association, the mapping order of valid PUSCH resource unit is 
o First, in increasing order of DMRS port and then DMRS sequence within a single PUSCH occasion
o Second, in increasing order of frequency resource indexes for frequency multiplexed MsgA PUSCH occasions
o Third, in increasing order of time resource indexes for time multiplexed MsgA PUSCH occasions within an MsgA PUSCH slot
o Fourth, in increasing order of indexes for MsgA PUSCH slots

	Panasonic [0775]
	In case SSB to RACH occasion of 4-step RACH, all SSB needs to have the preparation of 4-step RACH are necessary as it is a kind of minimum function. In case of 2-step RACH, it should be allowed that only some SSB support 2-step RACH.

	APT [0851]
	Observation 1: One-to-multiple mapping is beneficial for enhancing the reliability of Msg-A PUSCH transmission.
Proposal 2: One-to-multiple mapping is supported, at least for high reliability use case.

	Ericsson [0906]
	Proposal:
• PUSCH RUs are ordered first by DMRS antenna ports and/or scrambling, then by frequency, then by PUSCH configuration, then by time
Proposal:
• Use the five-step procedure below to map preambles to PUSCH resource units in a predetermined order:
o Step 1: Map to frequency of PUSCH RUs,
o Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
o Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1,
o Step 4: Map to the PUSCH configuration, 
o Step 5: Map to the OFDM symbol(s) containing the PUSCH

	Apple [0954]
	Proposal 8: For MsgA PRACH and PUSCH association, the mapping order of preamble and PRU is in the manner of code domain first, frequency domain second, time domain last.

	OPPO [0987]
	Proposal 8: One-to-multiple mapping shall not be supported. 
Proposal 9: preambles and PUSCH resources are mapped with each other with the following mapping rule:
 PUSCH resources are mapped to preambles 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 resource indexes for time multiplexed PRACH occasions within a PRACH slot
– Fourth, in increasing order of indexes for PRACH slots
 Preambles are mapped to PUSCH resources in the following order: 
– First, in increasing order of PUSCH antenna ports index within a single PUSCH occasion
– Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
– Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions

	Qualcomm [1405]
	Proposal 2: For 1-to-1 and many-to-1 mapping from preamble to PRU,  msgA PRU can be ordered according to the resource index of msgA preamble. For 1-to-many mapping from preamble to PRU, the index of msgA PRU group associated with the same preamble can be ordered according to the resource index of msgA preamble. msgA preamble resources can be ordered sequentially by: 
o	increasing order of preamble sequence indexes within a RO; 
o	increasing order of frequency resource indexes for FDM’ed ROs;
o	increasing order of time resource indexes for TDM’ed ROs within a PRACH slot;
o	increasing order of PRACH slot indexes.
Proposal 8: One-to-many mapping between preamble and PRU should be considered as a working assumption for two-step RACH.

	CAICT [1196]
	1) In PUSCH period : 
 First, in increasing order of DMRS indexes within a single PUSCH occasion
 The DMRS index can be DMRS port index or DMRS sequence index or a configuration index of a combination of DMRS port and DMRS sequence. 
 Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
 Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
 Fourth, in increasing order of indexes for PUSCH slots
2) In PRACH period:
 First, in increasing order of preamble ID
 Second, in increasing order of frequency resource indexes for frequency multiplexed ROs
 Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PRACH slot
 Fourth, in increasing order of indexes for PRACH slots

Option1: Subtract the unavailable PRACH/PUSCH resources from the configured PRACH/PUSCH resources and then carry out the mapping between PRACH preamble and PRU. 
Observation3: There are also two options to handle the problem if a PRACH preamble is mapped to a PRU ahead of it during the mapping process:
 Option1: Re-map to a PRU right after the preamble, and the following mapping between PRACH preamble and PRU is adjusted accordingly.



Proposal 2.2.2.1:
· The ordering of the msgA PRACH preambles is
· 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 resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The ordered PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· For DMRS indexes down-select from
· port first and sequence second
· sequence first port second
· FFS how to select a subset of DMRS ports if the configured number of DMRS ports is less than the total number
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, down-select from:
· The mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· The configuration index is included in the ordering, i.e. after frequency resource indexes and before time resource indexes


Point of discussion 2.2.2.2:
· Mapping ratio
· Alt 1: Implicitly indicated by the total number of preambles and PRUs of the associated ROs and POs
· Alt 2: Explicitly signalled
· Multiple-to-one mapping, down-select from
· Option 1: Multiple consecutive preambles are mapped to one PRU, i.e. 
· Option 2: Multiple interlaced preambles are mapped to PRUs, i.e. .
·  is the PRU index,  is the preamble index, and N is the mapping ratio
· One-to-multiple mapping, down-select from
· Alt. 1: Support one-to-multiple mapping for inter-slot frequency hopping and slot repetition, FFS the value range ,e.g. 1-to-2.
· Alt. 2: One-to-multiple mapping is not supported in Rel.16

DMRS sequencesAgreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details


Detailed views are captured in Table 7.

Table 7: Companies’ preferences on DMRS sequences.
	Company
	Views

	ZTE [0002]
	
Under DFT-S-OFDM waveform, for  the base sequence is given by



where the value of  is given by Tables 5.2.2.2-1 to 5.2.2.2-4 in TS38.211.  This implies when the payload occupies 1-4 PRB, further extension of DMRS sequences may lead to a modification of the tables, which seems far beyond the scope of the WID. When the payload occupies larger frequency resources, an extension of the parameter [image: ] could be considered since this leads to an extension of DMRS sequence group ID u. 
[image: ]
Proposals 4:
· Support 2 DMRS sequences as the starting point for CP-OFDM
· A given UE’s initializer is related to its preamble index.
· FFS larger number of DMRS sequences
· Consider preamble root index in DMRS sequence generation.
· FFS how to support multiple sequences for DFT-s-OFDM

	Huawei [0031]
	Proposal 7: The number of configured DMRS sequence can be {1, 2, 4, 8}.
Proposal 8: Support multiple DMRS sequences when transform precoding is enabled, and a list of nPUSCH-Identity can be configured.
Proposal 9: A list of DMRS ports can be explicitly configured for 2-step RACH.
Observation 6: It does not seem to be necessary to specify any conditions that only DMRS ports are configured.
When transform precoding is disabled, the sequence generator shall be initialized with
[image: ]
where a list of scramblingID and  should be configured and the scramblingID and   for DMRS transmission can be determined by the mapping between preambles and PRUs.
When transform precoding is enabled, the sequence group is generated by [image: ], where a list of nPUSCH-Identity can be configured and the nPUSCH-Identity for DMRS transmission can be determined by the mapping between preambles and PRUs.

	CMCC [0159]
	Proposal 6: For CP-OFDM, the number of DMRS sequence is 2.

	Vivo [0198]
	Proposal 1:  Support a configurable number of DMRS sequences for msgA PUSCH.
· The candidate number for DMRS sequences is 1, 2, 4, 8.
Proposal 14: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH of msgA, or the index of PUSCH occasion.
Proposal 15: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index, SSB index which are associated with the PUSCH of msgA, or the index of PUSCH occasion.

	Samsung [0453]
	Proposal 9: if the DMRS resource configured in one PUSCH occasion is less than 12, then only DMRS port is used.

	LGE [0574]
	Proposal 1: In 2-step RACH, only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH.
Proposal 2: 
 gNB can configure the number of antenna ports for msgA PUSCH DMRS.
 The maximum number of antenna ports is four.
 When the value of configured antenna ports is two, antenna port 0 and 1 are used. 
 When the value of configured antenna ports is one, antenna port 0 is used.
Proposal 3: 
 In case of CP-OFDM, maximum two different initial values are configured via higher layer signal (e.g., SIB1 and/or RACH-ConfigCommon).
 Sequence is designated depending on the RAPID.
 For case of DFT-s-OFDM, one root index of ZC-sequence is configured via higher layer signal.

	Intel [0634]
	Proposal 3
· For CP-OFDM waveform, the maximum number of DMRS sequences for the definition of PUSCH resource unit is 2. 
· Two scrambling IDs are configured in a cell specific manner, where preamble index is used to select one of scrambling IDs for DMRS sequence generation. 
· For DFT-s-OFDM waveform, DMRS sequence is not supported for the definition of PUSCH resource unit.

	Nokia [0690]
	Proposal 16: Support at maximum 3 DMRS sequences.
Observation 5. As the number of users multiplexed in a PUSCH occasion increases, the BLER performance degrades significantly.
Observation 6. Increasing the number of DMRS ports or DMRS sequences has diminishing returns as the BLER performance with multiple simultaneously transmitted UEs degrades.
Observation 7. Up to three different DMRS sequences provide the best tradeoff between the number of DMRS sequences used in the network and the achievable performance.

	Panasonic [0775]
	Proposal 8: Multiple DMRS sequence for DFT-s-OFDM is not specified in Rel.16.

	
	

	Ericsson [0906]
	Proposal:
· Specify support for at most [4] or [8] scrambling initializations per PRU
Proposal
· A subset of antenna ports for msgA PUSCH transmission is constructed 
· first by including the first antenna port in each CDM group of the DMRS configuration in the subset
· then by including the second antenna port in each CDM group in the subset, and so on until the subset contains the desired number of ports.
Proposal:
· When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the  can be a fixed value, and the  can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
Proposal:
· When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation;  may be determined based on the preamble ID and/or the ID of the PRU.

	OPPO [0987]
	Proposal 5: multiple sequences for DFTs-OFDM are not supported.

	Qualcomm [1405]
	Proposal 12: To reduce the DMRS collision probability for CBRA,  scrambling ID extension for DMRS sequencesshould be supported for PUSCH waveform with or without transform precoding. The scrambling ID generation for DMRS sequences can be made as a function of RA-RNTI, preamble sequence index, cell ID and slot/symbol index. The scrambling ID for msgA PUSCH can be re-used for DMRS sequence scrambling.




Point of discussion 2.2.3:
· For CP-OFDM, 
· value range of the number of DMRS sequences is down-selected from
· Alt. 1: [1,2]
· Alt. 2: [1,2,4,8]
· Alt. 3: [1,2,3]
· Reuse the same formula for the sequence generation, and for the parameters down-select from
· Alt. 1:  is fixed and  is a function of [X]
· Alt. 2:  is fixed and  is a function of [X]
· Alt. 3: both  and  are determined by [X]
· X could be one or multiple from {preamble index, PRU index, SSB index, configuration index, cell ID}
· If the DMRS resource configured in one PUSCH occasion is less than 12, then only DMRS port is used.
· For DFT-s-OFDM, down-select from
· Alt. 1: Not support multiple DMRS sequences in Rel.16
· Alt. 2: Support multiple DMRS sequences with the same value range as CP-OFDM, and one or multiple of {  v} is a function of [X] 
· Note: v is the sequence number per clause 6.4.1.1.1.1 of 3GPP TS 38.211 V15.6.0
1.1 msgA PUSCH ScramblingAgreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.

Companies’ views on the scrambling ID for msgA PUSCH are listed in Table 8.
Table 8 Companies views on the msgA PUSCH scrambling
	Company
	Views

	ZTE [0002]
	Proposal 9：
· Down-select from the following for the scrambling of msgA PUSCH
· Opt 1:  = RA-RNTI + RAPID
· 
Opt 2:

	Huawei [0031]
	Proposal 20: For initialization of the scrambling sequence for MsgA PUSCH, n_RNTI can be a combination of RA-RNTI and RAPID, and n_ID equals to the higher-layer parameter dataScramblingIdentityPUSCH if configured for MsgA PUSCH.

	CMCC [0159]
	Proposal 4: Introduce a RO index into the calculation of c_init for msgA PUSCH scrambling.
Proposal 5: The c_init for msgA PUSCH scrambling is derived as c_init = n_RNTI*2^15 + n_ID, where n_RNTI = RA-RNTI + RAPID + P*RO_index, P equals to the number of available preambles for 2-step RACH on each RO, n_ID equals to the higher-layer parameter if configured, otherwise n_ID = cell ID.

	Vivo [0198]
	Proposal 13: For the determination of PUSCH scrambling ID for a msgA PUSCH transmission,
• For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID.
• For nRNTI, it is incorporated with the RA-RNTI scheduling msgB in response to a msgA, preamble index (RAPID), or SSB index with which the msgA transmission is associated.

	InterDigital [0416]
	Proposal 2: RNTI used to scramble PUSCH-part of msgA is based on RA-RNTI.
(e.g., 2RA-RNTI = RA-RNTI + preamble index)
Proposal 3: The value of n_"ID"  is defined as in Rel. 15. 
Proposal 4: DMRS index is supported in addition to preamble indices.

	Samsung [0453]
	One possible solution could be using a modified version of RA-RNTI incorporate with preamble index or DMRS port index (only useful in case 1-N mapping between preamble and PUSCH)

	LGE [0574]
	Proposal 5:
 For msgA PUSCH data scrambling sequence, 
 RA-RNTI and RAPID are applied as seed value of initialization for CBRA. (RAPID can be applied as nID)
 C-RNTI is applied as seed value of initialization for CFRA.

	Intel [0634]
	Proposal 8
 c_init=(n_RNTI⋅2^6+I_preamble )⋅2^10+n_ID, where
 n_RNTI is based on RA-RNTI or MsgB-RNTI.
 n_ID  is configured in a cell specific manner. If not configured, n_ID=n_ID^cell. 
 I_preamble is the preamble index.

	Sony [0743]
	Proposal 7: For a UE in RRC_IDLE or RRC_INACTIVE state, the RNTI used for msgA PUSCH scrambling should be RA-RNTI. For a UE in RRC_CONNECTED state, the RNTI used for msgA PUSCH scrambling should be C-RNTI.
Proposal 8: DMRS index should be included in the c_init for msgA PUSCH scrambling if one-to-multiple mapping between the preamble and PRUs is supported.

	Ericsson [0906]
	Proposal:
• A separate set of RNTIs are used for msgB so that the msgB can be differentiated from msg2.
• RA-RNTI can be used for monitoring the PDCCH for msgB multiplexing multiple UEs that transmit msgA preambles on the same RACH occasion, while a UE specific RNTI should be used for msgB carrying a RAR for one UE.
· n_RNTI=RA_RNTI⋅2^6+P_ID

	OPPO [0987]
	Proposal 11: reuse the formula in 38.213 to generate c_init for msgA PUSCH scrambling but with a modified RA_RNTI. The modified RA_RNTI can be derived based on the current RA_RNTI and the preamble index.
e.g., modified RA_RNTI = RA_RNTI+ preamble index.

	Qualcomm [1405]
	Proposal 5:  The scrambling ID for msgA PUSCH can be generated by a weighted linear combination of RA-RNTI, preamble sequence index and cell ID. The following options can be considered:
· Option 1:  
· Option 2:   



Agreement made in RAN1#98bis:
Agreements:
· The initialization ID for msgA PUSCH scrambling is:
· RA-RNTI 
·  is a cell-specific higher-layer parameter if configured; otherwise  
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.

1.2 Waveform & NumerologyAgreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)
Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported


Companies’ views on the waveform are listed in Table 9.
Table 9 Companies views on the waveform
	Company
	Views

	ZTE [0002]
	The waveform for msgA PUSCH is indicated by parameter “msgA-transformPrecoder”, and if the field is absent, reuse the value as “msg3-transformPrecoder”.

	Huawei [0031]
	Proposal 21: The waveform of MsgA PUSCH is determined by the higher layer parameter msgA-transformPrecoder, or follow msg3 if not configured.

	Samsung [0453]
	Proposal 6: waveform indication for msgA PUSCH should follow msg.3 waveform indication.

	Panasonic [0775]
	Observation 3: If 2-step RACH is used rather around cell center area based on RSRP/RSRQ criterion discussion in RAN2, separate configuration between CP-OFDM for 2-step RACH and DFT-s-OFDM for 4-step RACH may be possibility.
Observation 4: If fallback to Msg.3 PUSCH is supported, to follow the same waveform of Msg.3 is beneficial in order to support HARQ soft combining.

	Ericsson [0906]
	Proposal
· Signal whether transform precoding is enabled for msgA PUSCH in system information.

	OPPO [0987]
	Proposal 10: The following can be considered for PUSCH waveform:
· The waveform is indicated in system information
· Reuse the waveform for Msg3 PUSCH
 The guard time shall be taken into account when setting the waveform

	Qualcomm [1405]
	Proposal 10: Waveform can be included as RRC parameters for msgA PUSCH.



Agreements:
· For the configuration of the msgA PUSCH waveform
· Use a separate cell-specific parameter “msgA-transformPrecoder” to indicate the waveform of msgA PUSCH
· If the parameter is not configured, msgA PUSCH follows the waveform of msg3.

Companies’ views on the numerology are listed in Table 10.
Table 10 Companies views on the numerology
	Company
	Views

	ZTE [0002]
	Support msgA PRACH and PUSCH in the same slot for NR-U. And adopt opt 3 for the configuration of numerology: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission

	Huawei [0031]
	Proposal 19: Transmit PRACH and PUSCH in the same slot is not supported.

	vivo [0198]
	Proposal 11: Support PRACH and PUSCH in the same slot for msgA transmission.
Proposal 12:  In case of PRACH and PUSCH for msgA transmission in the same slot, support option 1, i.e. the numerology for msgA PUSCH follows that of msgA preamble.

	Samsung [0453]
	Proposal 7: Further clarify the previous agreements “Support the PRACH and PUSCH for msgA transmission in different slots” by adding “where the slot is defined by the min{preamble SCS, UL BWP SCS}.”
Proposal 8: PRACH and PUSCH for msgA transmission in the same slot are not supported.

	LGE [0574]
	Proposal 8: 
 For the case of separate ROs for 2-step and 4-step RACH, allow a configuration that OFDM symbols within a first half RACH slot are used as RO.

	Intel [0634]
	· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble.

	Panasonic [0775]
	Observation 1: For PUSCH numerology is PRACH and PUSCH in the same slot for Msg.A transmission is supported, Option 3 (a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission) is the simplest.
Observation 2: Whether to have UL transmission with different numerologies within a slot should be UE capability/feature.

	Ericsson [0906]
	Proposals
• Unless gains of single slot PRACH + PUSCH transmission can be shown taking into account UE implementation limitations and LBT behavior, do not specify single slot msgA PRACH +PUSCH in Rel-16.
UE implementation issues
No gap can be achieved if allow PRACH to be restricted to the end of a RACH slot
Proposal:
• Support a separately configured numerology of the msgA PUSCH.

	Sierra [0910]
	Proposal 5:  2-step RACH to support PRACH and PUSCH in a single slot, either option 1 or 2.

	Qualcomm [1405]
	Observation 1: The preparation time for msgA payload needs to be accounted for, in the gap before or after msgA preamble transmission.
Proposal 3:  SCS combinations specified in NR Rel-15 for PRACH and PUSCH should be supported in msgA preamble and payload transmission.



Point of discussion 2.4.2:
· For the configuration of the numerology, down-select from
· Alt 1: Not support PRACH and PUSCH in the same slot for msgA transmission for Rel.16
· Can be revisited for NR-U applications
Supported by 6 companies
· Alt 2: Support PRACH and PUSCH in the same slot for msgA transmission, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preambleit is as 
· FFS how to support this channel structure, e.g. PRACH configurations
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
Supported by 7 companies
· where the slot is defined by the 
· Alt. 1: min{preamble SCS, UL BWP SCS}.
· Alt. 2: UL BWP SCS
· Alt. 3: PRACH slot

Frequency hopping & repetition
Companies’ views on the frequency hopping and repetition are listed in Table 11.
Table 11 Companies views on the frequency hopping and repetition
	Company
	Views

	ZTE [0002]
	Proposal 11: 
· Support intra-slot hopping for msgA PUSCH, with the hopping pattern reused from Rel.15 PUSCH.
· FFS the necessary of slot-level repetition and if needed how to support it with minimum impact on the PUSCH configurations.

	CMCC [0159]
	Proposal 7: Frequency hopping is configurable for transmission of msgA PUSCH.
Proposal 8: Repetition is not supported for msgA PUSCH.

	Intel [0634]
	It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble.

	Nokia [0688]
	Proposal 2: MsgA PUSCH should not support repetition.

	Panasonic [0775]
	Proposal 2: If HARQ is supported for Msg.A PUSCH, repetition of Msg.A PUSCH is not necessary function. While if HARQ is not supported for Msg.A PUSCH, repetition should be supported.
Proposal 3: Frequency hopping is supported for Msg.A PUSCH. The indication of enabling/disabling of frequency hopping is included in Msg.A PUSCH configuration.

	Ericsson [0907]
	"Proposal 13 Frequency hopping should be supported for msgA PUSCH transmissions.
Observation 6: msgA PUSCH frequency hopping configuration should be separately configured compared to msg3 PUSCH at least for the initial transmission for the initial random access.
Proposal 14 At least intra-slot frequency hopping should be supported for msgA PUSCH transmissions.
Observation 7: 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."

	APT [0851]
	Proposal 1: Repetition transmission can be supported in order to enhance the reliability for Msg-A PUSCH transmission.
Observation 2: Combining repetition based on one-to-multiple mapping type  enhances the coverage level of Msg-A PUSCH.

	Apple [0954]
	Proposal 6: Do not support repetitions for MsgA PUSCH.

	OPPO [0987]
	Proposal 2: 2-step RACH should support intra-slot frequency hopping for PUSCH in MsgA.

	Qualcomm [1405]
	Proposal 7:  Inter-slot frequency hopping and slot repetition should be supported in msgA transmission of two-step RACH. The patterns of frequency hopping and slot repetition can be configured by network.



Proposal 2.5.1:
· Intra-slot frequency hopping for msgA PUSCH is supported
· Reuse the hopping pattern in Rel.15

Point of discussion 2.5.2:
· Down-select from 
· Alt 1: Repetition for msgA PUSCH is supported
· FFS details
· Alt 2: Repetition for msgA PUSCH is not supported for Rel.16
Point of discussion 2.5.3:
· Re-use inter-slot frequency hopping specified in NR Rel-15 ULCG for msgA PUSCH transmission.
Others
[Assumption of TA will be handled in 7.2.1.2]
Huawei [0031]: 
Proposal 18: The timing for MsgA PRACH and PUSCH transmission should be both assumed as N_"TA" =0. 
Vivo [0198]: 
Proposal 16:  For determination of TA for PUSCH of msgA, option 2 is supported, i.e. TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for at least PUSCH in connected state. 
·         FFS whether the same or different TAs for PRACH and PUSCH of msgA in connected state.


2-step RACH application for NR-U
Companies’ views on the impact of 2-step RACH application for NR-U are listed in Table 12.
Table 12 Companies views on the 3	2-step RACH application for NR-U
	Company
	Views

	ZTE [0002]
	Numerology
· Support msgA PRACH and PUSCH in the same slot for NR-U. And adopt opt 3 for the configuration of numerology: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
Interlace
· The configuration parameter “number of FDMed POs” should be replaced by “number of interlaced POs”
Mapping
· the design of mapping order should take into account the interlace indexes instead of FDM indexes.

	Nokia [0689]
	An open point in the last agreement is whether additional configurations on top of those provided by Tables 6.3.3.2-2/3/4 of TS 38.211 are needed for 2-step RACH. Indeed, in case of NR-U, the RO and PO can be configured to be adjacent to each other in the same slot, to avoid the need for a second LBT when transmitting MsgA PUSCH. The ROs provided by Tables 6.3.3.2-2/3/4 of TS 38.211 are contiguous from a starting point within a slot till the end or close to the end of the slot leaving no time for inserting POs within a slot. Hence additional RO configurations can be considered in case of NR-U.
Study additional 2-step RACH RO configurations for NR-U.

	Ericsson [0906,0907]
	· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion in a msgA PUSCH configuration is composed of N PUSCH interlaces
· The minimum value of N is 1
· FFS the maximum value of N
· Alt 1: Each PO is allocated N consecutive interlaces and a starting interlace index
· One or more unallocated interlaces may be between adjacent POs in frequency
· FFS: how to indicate starting and unallocated interlace(s), and position within the allocated interlace(s)
· Alt 2: Same as Alt 1, except there are no unallocated interlaces between adjacent POs in frequency
· Note: Guard PRBs between POs are not explicitly specified; gNB implementation can decide not to allocate interlace(s) to msgA POs.
· Preamble to PO mapping is independent of whether or not interlaced mapping is configured

· All msgA POs in a msgA PUSCH configuration are confined within a single 20 MHz carrier/LBT bandwidth
· The associated msgA RACH occasions are also confined within the same single carrier/LBT bandwidth
If all the ROs are shared between 2-step RA and 4-step RA, some of the ROs may be far away from the msgA PUSCH, which then requires 2 LBTs for the transmission of msgA preamble part and msgA PUSCH part in NR-U case, then 2-step RA is not that attractive compared to 4-step RA. Thus, to support minimum number of LBTs for NR-U in 2-step RA procedure, a subset of ROs, e.g. the last RO, can be shared between 2-step RACH and 4-step RACH. 
In case that 2-step ROs and 4-step ROs are separately configured, and if the PRACH configuration table for 4-step RA is reused by 2-step RA, there could be a set of ROs that cannot be able to have corresponding PUSCH occasions close enough to them to meet single LBT or short LBT time requirement. In this case, only a subset of 2-step ROs can be valid for 2-step RA.
Proposal 3: Support that a subset of configured 2-step ROs are valid for 2-step RA.

	LGE [0576]
	Response window
Observation 1: 
· RAN2 has to clarify whether the msgB reception window starts or not when UE fails to LBT. 
· If starting of msgB reception window is decided on whether msgA PUSCH itself is sent or not, the latency will increase sharply whenever UE fails to LBT.
Proposal 1:
· msgB reception window should start after first intended msgA PUSCH occasion regardless of failure of LBT. 
For example, it can be required that gNB to transmit fall-back RAR after some specific period even though gNB doesn’t receive the msgA PUSCH.
Mapping:
Observation 3: 
· In NR-U system, the latency will increase sharply when UE fails the LBT before transmission of msgA PUSCH when one (or multiple) to one msgA PUSCH occasion is configured.
· One-to-multiple mapping between RO and msgA PUSCH occasion might be one of some solutions.
· If 2-step RACH supports one-to-multiple configuration, the start position of contention resolution timer (msgB reception window) starts can be different. So, RAN2 has to check when the msgB reception window starts
Proposal 2 
· For LBT failure in NR-U system, one-to-multiple mapping between RO and msgA PUSCH occasion can be considered

	Qualcomm [1405]
	Proposal 1:  To enable using a single CAT4 LBT for msgA in NR-U, support transmitting preamble and PUSCH in the same slot. 
Proposal 2:  To support transmitting PUSCH using another CAT4 LBT in NR-U, msgA channel structure supports a large enough TxG value. Exact value FFS



Point of discussion 3:
1) Channel structure
· Support msgA PRACH and PUSCH transmission in the same slot
· Support large enough timing offset between msgA PRACH and PUSCH
· Support that a subset of configured 2-step ROs are valid for 2-step RA
· Additional 2-step RACH RO configurations for NR-U


Offline Proposal:
· Alt 1: At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs
· Alt 2: Not support 2-step RACH for NR-U for Rel.16

Illustration of LBT for msgA
Alt 1. Separate LBTs for msgA PRACH and PUSCH respectively
[image: ]
Alt 2. Single LBTs for msgA transmission
Alt 2a. Only the last RO in the PRACH slot can be used
[image: ]
Alt 2b. Define a new RACH configuration (e.g. single time domain RO in a slot), and support PRACH and PUSCH in the same slot
[image: ]

2) Interlaced PUSCH
Offline consensus:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive

3) Bandwidth
Offline consensus:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 

4) Response window
Offline consensus:
· The starting of msgB window should follow that defined for 2-step RACH regardless of failure of LBT for msgA PUSCH.


Review of the RRC parameters
Based on the contributions submitted to RAN1#98bis, companies’ preference are summarized in Table 13.
Table 13 Companies views on the value ranges
	Company
	GP
	Periodicity
	Offset
	TDMed POs
	#of slots
	FDMed POs
	PO size
	DMRS port
	DMRS sequence
	Mapping ratio

	ZTE [0002]
	[1,2]
	[10,20,40,80,160] ms
	{1,2,3,4}
	{1,2,3,7}
	{1,2} or {1,2,3,4}
	{1,2,4,8}
	[1,2,3,6] RBs
Could be extended for RRC_CONNECTED
	
	{1,2} for CP-OFDM only
	{1,2,4,8}

	Huawei [0031]
	
	[1,2,5,10] ms
	
	
	
	
	
	
	{1,2,4,8}
	

	CMCC [0159]
	[0~11] symbol
	
	
	
	
	
	
	
	2 for CP-OFDM only
	

	vivo [0198]
	
	[10,20,40,80,160] ms
	
	
	
	
	
	
	{1,2,4,8}
	

	SS [0453]
	
	
	
	
	
	
	
	
	if the DMRS resource configured in one PUSCH occasion is less than 12, then only DMRS port is used.
	

	LG [0574]
	
	
	
	
	
	
	
	[1,2,4]
	[1,2] for CP-OFDM
	

	Nokia [0688]
	{0, 1, 2, 3, 4, 7, 14} symbol
	
	
	
	
	
	
	
	Up to 3
	

	Ericsson [0906]
	
	
	
	Max. similar to ROs
	
	
	
	
	up to 4 or 8
	

	QC [1405]
	0-14 symbols
	10*2^K, where K=0, 1, 2, 3, 4
	
	
	
	{2, 4, 8}
	[3,6,12] RBs
	Depending on the number of configured DMRS symbols;
Both Type A and Type B DMRS configuration can be supported.
	Up to 4 or 8
	



FL recommendation:
Update the RRC parameter list and the value ranges in R1-1909929 based on the agreements achieved in RAN1#98bis.

Summary
The following proposals will be presented online on Wednesday.

Offline Proposal 1:
· Alt 1: At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs
· Alt 2: Not support 2-step RACH for NR-U for Rel.16

2) Interlaced PUSCH
Offline consensus 2:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive

3) Bandwidth
Offline consensus 3:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 

4) Response window
Offline consensus 4:
· The starting of msgB window should follow that defined for 2-step RACH regardless of failure of LBT for msgA PUSCH.


Offline proposals 5a:
The msgA mapping period (for the mapping between preambles and PRUs) is defined as the SSB to RO association pattern period 
· Note: the mapping is after the RO and PO validation
[supported by SS, E//, vivo, QC, ZTE, OPPO, Intel]
Alternative proposal 5b:
· The msgA mapping period (for the mapping between preambles and PRUs) is defined as the interval from the start of N consecutive PRACH slots with at least one valid RO and the start of the next N consecutive PRACH slots with at least one valid RO
· N is the number of physically consecutive PRACH slots (if any) based on the msgA PRACH configuration, otherwise N=1
· Note: the mapping is before the PO validation
· In case some POs are invalid
· UE can transmit msgA PRACH without msgA PSUCH if the associated msgA PUSCH occasion is invalid
· Note: the SSB-to-RO-to-PO association pattern period is as same as the SSB-to-RO association pattern period
[supported by QC, CMCC, ZTE, LGE, vivo]
Alternative proposal 5c:
· The msgA mapping period (for the mapping between preambles and PRUs) is defined as the interval from the start of one PRACH slot with at least one valid RO and the start of the next PRACH slot with at least one valid RO
· FFS how to handle the consecutive PRACH slot
· Note: the mapping is before after the PO validation
· In case some POs are invalid
· Within a mapping period, the preamble of the valid ROs are mapped to the PRUs of valid POs.
· Note: the SSB-to-RO-to-PO association pattern period is as same as the SSB-to-RO association pattern period
 [supported by Huawei, Nokia]

Illustration of proposal 5a
[image: ]
[image: ]
[image: ]
Illustration of proposal 5b
[image: ]
[image: ]
Illustration of proposal 5c

[image: ]
[image: ]


Offline Proposals 6:
· The ordering of the msgA PRACH preambles within an msgA association period is
· 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 resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination
[Beneficial from both spatial and code domain diversity for FR2]
Alternative proposal for PRU ordering: Frequency first, time within the slot second, DMRS third, slots fourth.
Alternative proposal for PRU ordering: Frequency first, DMRS second, time within the slot third, slots fourth.


Point of discussion 2.2.2.2:
· Mapping ratio
· Alt 1: Implicitly indicated by the total number of preambles and PRUs of the associated ROs and POs
· Alt 2: Explicitly signalled
· Multiple-to-one mapping, down-select from
· Option 1: Multiple consecutive preambles are mapped to one PRU, i.e. 
· Option 2: Multiple interlaced preambles are mapped to PRUs, i.e. .
·  is the PRU index,  is the preamble index, and N is the mapping ratio
· One-to-multiple mapping, down-select from
· Alt. 1: Support one-to-multiple mapping for inter-slot frequency hopping and slot repetition, FFS the value range ,e.g. 1-to-2.
· Alt. 2: One-to-multiple mapping is not supported in Rel.16
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List of agreement
msgA PRACH 
RAN1#96:Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH


 RAN1#96bis: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


 RAN1#97:Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.


 RAN1#98:Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.
Agreements:
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded



msgA PUSCH 
RAN1#96:Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)


 RAN1#96bis:Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported



 RAN1#97: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)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH
Agreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.


 RAN1#98:Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB
Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities

Agreements [email approval]:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration



Mapping between PRACH and PUSCH
RAN1#96bis:Agreements:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.
Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis


 RAN1#98:Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping



msgB
 RAN1#96bis:Agreements:
· Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
Subcarrier Spacing (kHz) of the PUSCH
Unit 
15
16*64 Tc
30
8*64 Tc
60
4*64 Tc
120
2*64 Tc
· Other options/variations are not precluded



General procedures
RAN1#96bis: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.
· 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.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.


RAN1#97:Agreements:
· [bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.


 RAN1#98:Agreements:
· Any performance difference of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format (if supported and allowed to be configured differently), number of configured preambles (pool size), number of users attempting random access (traffic loads) and when applicable, power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.
Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.



Power control
RAN1#96:Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH


 RAN1#96bis: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.
Agreements:
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


 RAN1#97:Agreements:
· The proposals in 5.2.6 of R1-1907900 is agreed
[Copied as below, also captured in the approved LS to RAN2 R1-1907948]
[bookmark: _Hlk8932679][bookmark: _Hlk8917225]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
 
Agreements:
· RACH preamble power control parameters include: powerRampingStep and preambleReceivedTargetPower.


 RAN1#98:Agreements:
· The offline agreement 5.2.1 in R1-1909726 is agreed
[copied below]
Correct typo in formula from RAN1#97




Evaluation assumptions
RAN1#96:Agreements [email approval in R1-1903834, as detailed parameters listed in Table 2]
· Adopt the link-level simulation assumptions in the following table for the initial evaluation of feasible payload size, and for the potential down-selection of schemes, e.g.
· whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning
· whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP
· the mapping scheme between preamble and PUSCH+DMRS, .e.g 1-to-1, multiple-to-1, or 1-to-multiple
· appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH
· whether to have UCI in msgA PUSCH, if a PUCCH transmission overlaps the PUSCH part of MsgA
· whether to dynamically adapt the payload size and indicate by UCI in msgA PUSCH, and if yes the content and structure of UCI
· FFS other schemes, e.g. whether guard band is included
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
· Note 2: the WID scope should be strictly followed when using the evaluation results for the comparison of schemes.



Table 2: Link-level evaluation assumptions
	Parameters
	Values

	Scenario
	1) For evaluation of schemes: 200m, UMi, 4 GHz.  FFS: 500m, UMa, 4 GHz.
2) For evaluation of payload size: 200m, UMi, 4 GHz; or 500m, UMa, 4 GHz; or 1732m, RMa, 700 MHz; or 25km, RMa, 700 MHz.
Other values can be reported if applicable. Note: this does not restrict preamble format selection.

	Preamble format
	Company report

	Waveform (data part)
	CP-OFDM, or DFT-s-OFDM

	Subcarrier spacing for PUSCH
	15kHz at 700MHz, 30/60kHz at 4 GHz, 120kHz at 30GHz

	TBS
	1) 56 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size 

	MCS and Resource size
	Company report the MCS, time/frequency resource size, and DMRS overhead.  Strive to agree to some common values in RAN1#96bis.

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or interference from the adjacent PUSCH resource, including how to model relative SINR, timing, etc.

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx. FFS: 2 Tx

	gNB antenna configuration
	2Rx or 4Rx, 8Rx as optional

	Propagation channel & UE velocity
	TDL/CDL-A 30ns, or TDL/CDL-C 300ns, 3km/h or 30km/h

	Timing offset
	Uniform [0, RTT]. 

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	Max number of HARQ transmission
	1 as starting point, other values are not precluded and company should report the details of HARQ

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation.
Ideal can be considered for calibration, if needed.

	 Target BLER
	[10%, 1%] for 1st transmission of msgA as starting points. 

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate, e.g. 0.1%;
2) BLER vs. SNR; MCL can be reported using link budget calculations.
3) Optional: False alarm probability vs. SNR



 RAN1#96bis:Agreements:
· Adopt the following table for the link-level evaluation:
Parameters
Values 
The number of PUSCH symbols & PUSCH mapping type
14, Type A;
[6], Type B as optional
1) Total Number of PRBs for msgA PUSCH
Or 
2) number of PRBs per PUSCH occasion 
Note: either of them should be aligned for scheme comparison
[6, 12]
Or 
[1,2,3]
PUSCH DMRS overhead
[2 or 3] DMRS symbols
Frequency hopping for msgA PUSCH
Company report, enabled/disabled
Preamble format
Format 0/[A1]; [32, 64] preambles in each RO.
Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO
Number of UEs
1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or can be reported
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)
FFS: interference from the adjacent PUSCH resource occasion, including how to model relative SINR, timing, etc.
TBS
3) 56 72 bits as starting point for minimum payload size, other values are not precluded
4) Company report for the evaluation of payload size
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