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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
Mapping between PRACH preamble and PUSCH resource unit

Mapping ratio and ordering
The following agreements has been reached in the previous meeting regarding the mapping ratio and ordering, while the yellow parts are still needed to be decided in this meeting.
Agreements:
· 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
Agreements
· Preamble to PRU mapping ratio is down-selected from:
· Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
· FFS how to handle the fractional part of mapping ratio, if any
· FFS how to make sure a valid PRU occurs after its corresponding preamble

Companies’ views are further summarized in Table 1.
Table 1 Companies views on the mapping ratio
	Company
	Views

	ZTE [1827]
	Proposal 2: Preamble to PRU mapping ratio is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
In case there exists a fractional part, the mapping ratio had better be rounded to a superior integer considering the preambles had better be fully leveraged to initiate the RACH process.

	Huawei [1871]
	Observation 2: The mapping ratio per configuration is not a single value for both SSB-to-RO association pattern period and SSB-to-RO association period.
Observation 3: Deriving the mapping ratio based on SSB-to-RO association pattern period may introduce large latency between MsgA preamble and PRU.
Proposal 13: Preamble to PRU mapping ratio is a single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period.

	vivo [2006]
	Proposal 1: The mapping ratio between preamble and PRU is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period, i.e. Alt. 1 is supported.
Proposal 2: For the mapping of valid preambles and valid PRUs in an associated period, following options can be considered.
 Option 1: the mapping ratio is integer only and determined by max(1,⌊N_preamble⁄N_PRU⌋). 
 The preambles without associated PRUs can be used for msgA transmission for 2-step RACH, where only msgA PRACH is transmitted if these preambles are selected. 
 The PRUs without associated preambles are not used for msgA transmission for 2-step RACH.
 Option 2: All the valid preambles and valid PRUs in the association period are uniformly associated. 

	IDC [2067]
	Proposal 1: Support one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit. 
Proposal 2: DMRS index is supported in addition to RAPID to define c_init for initialization of msgA PUSCH scrambling. 

	Fujitsu [2069]
	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 3: After the mapping between preambles and PRUs has been established:
- If there are remaining preambles which are not mapped onto PRUs, these preambles are used in the same way as that of 4-step RACH or treated as being invalid.
- If there are remaining PRUs which are not mapped onto preambles, these PRUs are treated as being invalid.

	Intel [2191]
	Proposal 5
• One to many mapping between PRACH preamble and associated PUSCH resource unit is not supported. 
Proposal 6
• It is slightly preferred to derive the mapping ratio between preamble and PRU within the SSB-to-RO association pattern period. 
Proposal 7
• The RO-to-PO mapping is after the validation of RO and PO.
• The mapping is defined as between valid msgA RACH occasions and valid PUSCH occasions in the SSB-to-RO association period. 

	APT [2255]
	Observation 1: One-to-multiple mapping is beneficial for enhancing the reliability of Msg-A PUSCH transmission.
Proposal 1: Support one-to-multiple mapping for high reliability use case.
Proposal 2: If one-to-multiple mapping between preambles and PRUs is supported, replacing the RAPID in the cinit formula agreed in the previous meeting by the combination of PRAID and DMRS index.

	LGE [2262]
	Observation 1: 
Ÿ Depending on use cases of 1-to-multiple mapping between preamble to PRU, further enhancement of PUSCH scrambling sequence initialization is necessity or not.
ü For a case (e.g. one RAPID is mapped to multiple PRUs in a PO), further enhancement may be necessity.
ü For other case (e.g. one RAPID is mapped to multiple PRUs in each PO), current agreed formula can be applied.
Proposal 12: 
Ÿ For RACH preamble to PRU mapping, at least followings can be considered. 
0) Validation check which PO(s) is/are available. 
1) Preambles in available ROs at a RACH slot in front of available POs are mapped to the PRUs in available POs. 
2) Preambles in available ROs within period A are mapped to PRUs in available POs within period B.
Ÿ (One-to-one mapping) If number of preambles for CBRA in available ROs within period A is same to number of PRUs in available POs within period B, all preambles for CBRA are mapped to all PRUs. 
Ÿ (Many-to-one mapping) If number of preambles for CBRA in available ROs within period A is larger than number of PRUs in available POs within period B, all preambles for CBRA are mapped to all or subset of PRUs. When subset of PRUs is used, remaining PRUs are not used for 2-step RACH.
Ÿ (One-to-one mapping with multiple cycle) Moreover, if number of preambles for CBRA in available ROs within period A is less than number of PRUs in available POs within period B, all preambles for CBRA are mapped to all or subset of PRUs. When subset of PRUs is used, remaining PRUs are not used for 2-step RACH.
Ÿ 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 period B, it is not applied that preambles in available ROs are mapped to available PRUs in available POs. Remaining preamble(s) for 2-step RACH which is/are not mapped to PRU can be used for msgA preamble only transmission.
3) In case of many-to-one mapping, consecutive PRACH preambles are mapped to same PRU, then next consecutive PRACH preambles are mapped to next PRU.

	Sony [2337]
	Proposal 4: One-to-multiple mapping between preamble and PRU is not supported in Rel-16. If supported, DMRS index should be included in the c_init for msgA PUSCH scrambling.

	SS [2443]
	Observation 4: Mapping ratio derived based on the resource from the association period (alt.2) could create configuration imbalance between different SSB-RO association periods thus unfairness between UE if they do RACH in different time.   
Proposal 13: Preamble to PRU mapping ratio is implicitly derived by the total numbers of valid preambles and valid PRUs from the SSB-to-RO association pattern period 
Proposal 14: The mapping ratio is determined as the smallest value in the a value set that larger than the calculated value which is the total numbers of valid preambles dividing the total number of valid PRUs from a SSB-RO association period. FFS the value set.
Proposal 16: If the determined PUSCH occasions contain more valid PRUs these can finish the mapping of all the preambles in the valid ROs in the corresponding RACH slot(s) according to the derived mapping ratio, the leftover PRUs will not be used for PRACH and PUSCH mapping.

	Nokia [2557]
	Proposal 9: Base the initialization of the scrambling ID on the equation agreed last meeting. That is, use the equation which is based on RAPID.

	Sharp/NICT [2644]
	Proposal 1: Support one preamble to two MsgA PUSCH configuration.

	OPPO [2650]
	Proposal 5: One-to-multiple mapping shall not be supported. 
Proposal 6: Preamble to PRU mapping ratio is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period.
Proposal 7: Preamble to PRU mapping shall be after the validation RO/PO.
Proposal 8: The mapping is defined as between the msgA RACH occasions and the msgA PUSCH occasions in the SSB-to-RO association pattern period.

	Ericsson [2671]
	Proposal:
• Use the five-step procedure below to map preambles in each preamble group per SSB index to PUSCH resource units in each corresponding PUSCH group 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 next PUSCH occasion in time for this SSB,
o Step 5: Go back to step 1 to map preambles to next msgA PUSCH configuration

	Apple [2803]
	Proposal 1: one-to-multiple mapping between preamble and PRU is not supported in Rel.16.
Proposal 6: To determine the preamble to PRU mapping ratio, single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
Proposal 7: For multiple to one mapping between preamble and PRU, the preambles are mapping to PRU in the order of frequency first, DMRS index second, time resource index within one PUSCH slot third, and index for PUSCH slot fourth; if there are preambles left, repeat the mapping procedure until all the preambles are mapped to PRUs.

	Qualcomm
[3278]
	Proposal 11:  The mapping ratio between preamble and PRU is configured by network for each msgA PUSCH configuration. Both gNB and UE need to follow the mapping ratio(s) configured by the network.
•	The mapping ratio can be explicitly signalled by gNB.
•	If gNB does not signal the mapping ratio, UE can implicitly derive it after the validation of msgA RO and msgA PO.



1) Determination of mapping ratio:
Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· Supported by 4 companies
· One concern is that different SSB-to-RO association pattern periods may results in different mapping ratio considering the PO validation, so a single value per configuration may not be always satisfied;
Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
· Supported by 2 company
· One concern is about the imbalance between different SSB-RO association periods and thus unfairness between UE if they do RACH in different time

The majority view is to adopt Alt.1, while to address the concern, probably we should revise the “per configuration” to “per SSB-to-RO association pattern period”. Or as the intention is to have a single mapping ratio per configuration, we should make the gNB configuration to force it is a single value across different association pattern periods.

2) For the multiple preambles in case of multiple-to-one mapping, the following options are mentioned with each option proposed by 1 or 2 companies
Opt 1: Consecutive preambles are mapped to one PRUs, i.e. before the first step in the ordering
Opt 2: Interlaced preambles are mapped to one PRU across all the PRUs, i.e. after the last step in the ordering
Opt 3: Interlaced preambles are mapped to one PRU across the FDMed and CDMed PRUs, i.e. insert in the third step in the ordering.

3) The following handling of the fractional part are mentioned with each option proposed by 1 or 2 companies
Opt 1: 
Opt 2: 
Opt 3: the smallest value in a value set that larger than the calculated value which is the total numbers of valid preambles dividing the total number of valid PRUs from a SSB-RO association period. FFS the value set.

4) One-to-multiple:
Support by 4 companies while objected by 5 companies

Association between msgA PRACH and PUSCH
The following proposal has been discussed but no consensus was made in the last meeting.
Offline proposals in RAN1#98bis
The mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B.
· Period A and B to be down-select from:
· Alt 1: period A is as same as period B
· Alt 2: period B has the same duration as period A, while the starting point is shifted by the single offset in the msgA PUSCH configuration
· Alt 3: Mapping period and mapping pattern period between preamble and PRUs are implicitly derived.
· Period A to be down selected from
· Alt 1: SSB-to-RO association pattern period
· Alt 2: interval from the start of N1 consecutive PRACH slots with at least one valid RO and the start of the next N2 consecutive PRACH slots with at least one valid RO
· N1/N2 is the number of physically consecutive PRACH slots (if any) based on the msgA PRACH configuration. N1, N2 could be 1.
· Alt 3: PRACH configuration period
· Alt 4: SSB-to-RO association period
· Alt 5: Mapping period and mapping pattern period are implicitly derived.

Companies’ views on the association between msgA PRACH and PUSCH are summarized in Table 2.
Table 2 Companies views on the mapping period 
	Company
	Views

	ZTE [1827]
	Proposal 3: The mapping is defined as between the msgA RACH occasions within interval from the start of N1 consecutive PRACH slots with at least one valid RO and the start of the next N2 consecutive PRACH slots with at least one valid RO and the msgA PUSCH occasions in the period whose starting point is shifted by the single offset in the msgA PUSCH configuration:
• N1/N2 is the number of physically consecutive PRACH slots (if any) based on the msgA PRACH configuration. N1, N2 could be 1.

	Huawei [1871]
	Observation 4: Defining a period B starting later than the period A can enable the RO in the end of period A mapping to the PO in the front of the next period A.
Observation 5: Longer duration of period A may lead to larger potential latency, while shorter duration of period A may make more ROs unusable.
Proposal 14: The mapping is defined between the preambles within the period A and the PRUs in the corresponding period B. 
• Period A can be PRACH configuration period or SSB-to-RO association period
• Period B has the same duration as period A, while the starting point is N slots after the starting point of the corresponding period A, where N is the single time offset configured for MsgA PUSCH configuration.

	vivo [2006]
	Proposal 3: The mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B, where period A is as same as period B. The period A is the SSB-to-RO association pattern period.

	Intel [2191]
	Proposal 7
• The RO-to-PO mapping is after the validation of RO and PO.
• The mapping is defined as between valid msgA RACH occasions and valid PUSCH occasions in the SSB-to-RO association period.

	LGE [2262]
	Proposal 11: 
Ÿ The mapping is defined as between msgA RACH occasion within the period A and the msgA PUSCH occasion in the period B
Ÿ Period B has the same duration as period A, while the starting point is shifted by the single offset in the msgA PUSCH configuration.
Ÿ Period A is same as ‘SSB-to-RO association period’.

	SS [2443]
	Proposal 14: The mapping ratio is determined as the smallest value in the a value set that larger than the calculated value which is the total numbers of valid preambles dividing the total number of valid PRUs from a SSB-RO association (pattern?) period. FFS the value set.
Proposal 15: The valid RACH resource and valid PUSCH resource (determined based on the valid RACH resource) used for mapping are derived from this mapping period.

	OPPO [2650]
	Proposal 7: Preamble to PRU mapping shall be after the validation RO/PO.
Proposal 8: The mapping is defined as between the msgA RACH occasions and the msgA PUSCH occasions in the SSB-to-RO association pattern period.

	CAICT
[3025]
	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
[3278]
	Proposal 12:  The mapping cycle between msgA preamble and msgA PRU should be a common multiple of SSB to RO association pattern periods for all msgA PUSCH configurations supported in a cell. NR Rel-16 should support at least 160 ms as the mapping periodicity between msgA preamble and msgA PRU.



Regarding the starting of Period A and B, 
4 companies support Alt.2 the period B shifted by the offset defined for PUSCH configurations;
1 company explicitly mention to support Alt.1 period B is as same as period A.
Another option which has also been mentioned during the previous offline discussion is that we do not need to have an explicit mapping period, and thus we provide the proposal 2a to capture this.

Regarding the duration of period A
· 3 companies support Alt 1: SSB-to-RO association pattern period
· 1 company support Alt 2: interval from the start of N1 consecutive PRACH slots with at least one valid RO and the start of the next N2 consecutive PRACH slots with at least one valid RO
· N1/N2 is the number of physically consecutive PRACH slots (if any) based on the msgA PRACH configuration. N1, N2 could be 1.
· 1 companies support Alt 3: PRACH configuration period
· 3 companies support Alt 4: SSB-to-RO association period

There seems to be a trade-off on the duration of the mapping period, i.e. short period may end up with many unmapped resources and thus low resource utilization may be expected, and long period may suffer from latency propagation.

DMRS configurations
The following agreements has been reached in the previous meeting regarding the multiple DMRS sequences, while the yellow parts are still needed to be decided in this meeting.
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
Agreements:
· 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 frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· 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


The details of the multiple DMRS sequences are still FFS. Companies’ views are captured in Table 3.
Table 3: Companies’ preferences on DMRS sequences.
	ZTE [1827]
	Considering the DMRS sequences' benefit compared with multiple to 1 mapping, a feasible value range seems to be {1,2,4,8} as the mapping ratio value range proposed in [1].
Under CP-OFDM waveform, the pseudo-random sequence generator shall be initialized with



 could be configured as a set with multiple scrambling IDs. A configured scrambling ID set could be leveraged to differentiate PUSCH configurations for UEs in RRC connected and idle/inactive state. Alternatively, the scrambling ID set could be generated to save signaling cost. The following methods are feasible to generate the set.
Proposal 1:
Multiple DMRS sequences under CP-OFDM waveform could be supported by either BS configuration or the following scrambling ID generation method:
· 
In case of 2 DMRS sequences,   could be configurable within the set {0,1}
· 
In case of more than 2 DMRS sequences,    could be configurable within the set generated as follows: 
· 
Alt 1 
· 
Alt 2
Proposal 4: In DMRS indexing process, DMRS ports prioritizes DMRS sequences whose indexing are based on port index and scrambling ID respectively.

	Huawei [1871]
	Proposal 5: The number of configured DMRS sequence can be {1, 2, 4, 8}.
Proposal 6: Support multiple DMRS sequences when transform precoding is enabled, and a list of nPUSCH-Identity can be configured.
a list of scramblingID or nPUSCH-Identity should be configured, and the index of DMRS sequences, n_SCID, can be determined by the order of the list. With the mapping between preambles and PRUs, the index of DMRS sequences can be further associated with the RO and preamble index. 
Proposal 7: A list of DMRS ports can be explicitly configured for 2-step RACH.
DMRS configuration: dmrs-Type, dmrs-AdditionalPosition, maxLength, and antennaPort. For 2-step RACH, the parameters of dmrs-Type and dmrs-AdditionalPosition can be reused, and the maxLength can be replaced by the number of DMRS symbols, which should be clearly defined.

	vivo [2006]
	[bookmark: RANGE!D4]Proposal 4:  The number of DMRS sequences for msgA PUSCH configured by RRC can be 1, 2, 4, 8.
Proposal 10: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion.
Proposal 11: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion.

	Intel [2191]
	Proposal 3
• For the association between preamble and PRU, DMRS index is first ordered by DMRS AP and then followed by DMRS sequence index.
In this case, DMRS AP index () and sequence index () can be derived as 


Where  is the PRU index for each PO; and  is the number of DMRS APs, which is configured for a MsgA PUSCH configuration. 
Proposal 4
• For CP-OFDM waveform, the maximum number of DMRS sequences for the definition of PUSCH resource unit is 2. 
o Two scrambling IDs are configured in a cell specific manner or per MsgA PUSCH configuration;
• For DFT-s-OFDM waveform, DMRS sequence is not supported for the definition of PUSCH resource unit.

	LGE [2262]
	Proposal 3: 
Ÿ For msgA PUSCH when transform precoding is disabled, 
- The quantity nSCID ∈ {0,1,…,M-1} is designated depending on RAPID.
- The number of M could be up to 2.
� For msgA PUSCH when transform precoding is enabled, one root index of ZC-sequence is configured by higher layer signal.
Proposal 7: 
Ÿ In 2-step RACH, only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH.
Proposal 8: 
Ÿ gNB can configure the number of antenna ports for msgA PUSCH DMRS.
ü The maximum number of antenna ports is four.
ü When the value of configured antenna ports is two, antenna port 0 and 1 are used. 
ü When the value of configured antenna ports is one, antenna port 0 is used.
Proposal 9: 
Ÿ The value of number of PRUs in a PO can be one among {1, 2, 4, 8}.
Ÿ When number of PRU in a PO is one, only one set for the number of DMRS port and DMRS sequence is defined. 
Ÿ When number of PRUs in a PO is two, two sets of combination between DMRS ports and sequence can be defined (i.e., {2,1}, {1,2}). 
ü When two antenna ports are used in a PO, one CDM group among two groups is configured for these two antenna port. 
Ÿ When number of PRUs in a PO is fours, two sets of combination can be defined (i.e., {4,1}, {2,2}).
ü If four antenna ports are used in a PO, two CDM groups are used with same DMRS sequence. 
ü If two antenna ports are used in a PO, one CDM group among two groups is configured with two different DMRS sequence. 
Ÿ When number of PRUs in a PO is eight, four antenna ports within two CDM groups are used with two different DMRS sequences.
Proposal 10: 
Ÿ If multiple sets of DMRS frequency resource is allowed, each DMRS frequency resource (i.e., CDM group) is configured by msgA PUSCH configuration.
Ÿ If multiple MCS levels are allowed for PUSCH transmission, multiple types of PUSCH resource are configured by msgA PUSCH configuration depending on MCS level.

	Sony [2337]
	Proposal 5: For CP-OFDM, the number of DMRS sequence should be up to 2.
Proposal 6: For DFT-s-OFDM, multiple DMRS sequence should not be supported in Rel-16.

	SS [2443]
	Proposal 9: if the DMRS resource configured in one PUSCH occasion is less than 12, then only DMRS port is used.

	CMCC [2531]
	Proposal 5: For CP-OFDM, the number of DMRS sequence for msgA PUSCH is up to 2.

	Sharp/NICT [2644]
	Proposal 2: Support up to two DMRS sequences for DFT-s-OFDM.

	OPPO [2650]
	Proposal 2: multiple sequences for DFTs-OFDM are not supported.

	Ericsson [2671]
	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 
o first by including the first antenna port in each CDM group of the DMRS configuration in the subset
o 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.
 When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the n_"SCID"  can be a fixed value, and the N_ID^(n_SCID ) can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
 When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation; α,u,v may be determined based on the preamble ID and/or the ID of the PRU.

	Panasonic [2745]
	Proposal 4: Multiple DMRS sequence for DFT-s-OFDM is not specified in Rel.16.

	QC [3278]
	Proposal  9: To reduce the DMRS collision probability for CBRA two-step RACH, scrambling ID extension for DMRS sequences should be supported for PUSCH waveform with or without transform precoding.
Proposal 10: The 31-bit msgA PUSCH scrambling ID can be re-used for DMRS sequence scrambling. Specifically, when transform precoding for msgA PUSCH is disabled, the following options for DMRS scrambling ID () can be supported for two-step RACH in NR Rel-16:
· Option 1


· Option 2



where  is the OFDM symbol number within the slot,  is the slot number within a frame, and    denotes the operation of truncating the inner quantity to K MSB/LSB.          
when transform precoding for msgA PUSCH is enabled, group hopping can be enabled and sequence hopping can be disabled by configuring  and , where
 [image: ]
and the following design options can be supported for :
· Option 1:  

· Option 2: 
where    denotes the operation of truncating the inner quantity to K MSB/LSB.  



1) The max. number of the DMRS sequences
5 companies propose to limit the value up to 2, while 3 companies propose to have the value range as [1,2,4,8].

2) Mapping of DMRS sequences
As proposed by 3 companies, a simple way is to include multiple DMRS sequences in the mapping order, so that the preambles and PRU mapping are implicitly derived. 2 companies propose to have DMRS port first and sequence second for the mapping order.
Another way is to have the DMRS scrambling ID derived from the other parameters, such as preamble ID, RO index, PO index, etc.
This is mentioned by 4 companies, but the proposals on the detailed formulas are not yet converged.

3) DFT-s-OFDM
4 companies mention to support multiple sequences for DFT-s-OFDM, while 5 companies explicitly mention not to support it.

Offline Proposal 3:
· For CP-OFDM, 
· Reuse the same formula in Rel.15 for the DMRS sequence generation, 
· value range of the number of DMRS sequences is down-selected from
· Alt. 1: [1,2]
·  is {0,1}, and  are given by the higher layer configurations
· 
Else 
· Alt. 2: [1,2,4,8]
·  is extended to {0, nrofDMRS-Sequences - 1}+x, where nrofDMRS-Sequences is the configured number of DMRS sequences,
· 
Alt 2.0: fixed , x is 0
· 
Alt 2.1 : fixed , x is 0 for msgA PUSCH configuration 1, and x is nrofDMRS-Sequences (taken from PUSCH configuration 1) for msgA PUSCH configuration 2
· Alt 2.2 : configure one parameters  for each msgA PUSCH configuration. x =0.
· Alt 2.3: configure up to nrofDMRS-Sequences parameters , ,… for each msgA PUSCH configuration. x =0.
· DMRS indexes within a single PUSCH occasion are in increasing order of DMRS port first and DMRS sequences second. 

· 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. Reuse the same formula in Rel.15 for the DMRS sequence generation, and down-select from
· Alt 1:  is extended to {0, nrofDMRS-Sequences - 1}, where nrofDMRS-Sequences is the configured number of DMRS sequences 
· DMRS indexes within a single PUSCH occasion are in increasing order of DMRS port first and DMRS sequences second

4) Details DMRS configuration
One company propose the case of only DMRS port is used if the DMRS resources configured in one PUSCH occasion is less than 12.
One company propose that details of DMRS configuration can include dmrs-Type, dmrs-AdditionalPosition, maxLength (replaced by number of DMRS symbols), and antennaPort.
One company mentioned only DMRS type 1 should be used for msgA transmission.
Two companies provide the detailed configuration of the subset of DMRS ports.

Offline Proposal 4:
· If the DMRS resources configured in one PUSCH occasion is less than 12 (type 2) or 8 (type 1), then only DMRS port is used.
· A subset of antenna ports for msgA PUSCH transmission can be 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
· msgA-DMRS-Configuration is a list of parameters including
· msgA-dmrs-Type, ENUMERATED{type2}, indicates the DMRS type for msgA PUSCH. If the field is absent, the UE uses DMRS type1
· msgA-dmrs-AdditionalPosition, ENUMERATED{pos0, pos1, pos3}, indicates the position for additional DM-RS. If the filed is absent, the UE applies value ‘pos2’.
· msgA-maxLength, ENUMERATED{len2}, indicates single-symbol or double-symbol DMRS. If the filed is absent, the UE applies value ‘len1’.
· msgA-nrOfantennaPorts, ENUMERATED{1,2,4,8}, number of DMRS ports configured for the PRUs in an msgA PUSCH occasion. If the field is absent, all the antenna ports can be used.


msgA PUSCH configuration
Time domain resource allocation
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, Msg A PUSCH mapping type A or B and SLIV are included in a TDRA table.
· The TDRA table w.r.t Msg A PUSCH mapping type A or B and SLIV is based on the existing TDRA table
· FFS whether or not the parameter K2 in the table is used for msgA PUSCH
· FFS whether or not to further update

Based on the contributions submitted to RAN1#99, companies’ preference are summarized in Table 4.
Table 4 Companies views on the TDRA
	Company
	Views

	ZTE [1827]
	For RRC connected UE, the PUSCH-TDRA list provided in PUSCH-Config Common and/or PUSCH-Config could be re-used.
If the parameter K2 in the table is not used for msgA PUSCH, some SLIV indicated by different row indexes would be same. Certainly the duplicate SLIV indication can be removed.

	Huawei [1871]
	Proposal 3: For UEs in RRC_IDLE/INACTIVE state, the time offset between PRACH and PUSCH can be indicated by the parameter K2 in the TDRA table with a range of value in between 1 and 32.
Proposal 4: For UEs in RRC_CONNECTED state, the TDRA parameters can be separately configured.

	Intel [2191]
	Proposal 2
• For RRC_IDLE/INACTIVE state, slot offset between MsgA PRACH and PUSCH, PUSCH mapping type and SLIV of the first PUSCH occasion are included in the default TDRA table for MsgA PUSCH occasion configuration. 
• For RRC_CONNECTED state, slot offset between MsgA PRACH and PUSCH, PUSCH mapping type and SLIV of the first PUSCH occasion can be explicitly configured as TDRA configuration.

	Nokia [2557]
	Proposal 2: Scheduling delay K2 from the TDRA table is not used for the definition of the UL transmission timing for MsgA PUSCH

	Apple [2803]
	Proposal 5: The parameter k2 in TDRA table can be removed, and new entries could be added for PUSCH mapping type A for introducing two time domain POs in the slot.

	
	





Value range for msgAPUSCH-timeDomainOffset is INTEGER ([1, 32] or [0, 31])

Multiple configurations
The following agreements have been made.Agreements:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16
Agreements:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.


Based on the contributions submitted to RAN1#99, companies’ preference are summarized in Table 5.
Table 5 Companies views on multiple configurations
	Company
	Views

	ZTE [1827]
	In case the active UL BWP for RRC CONNECTED UE is the same as the initial BWP for RRC IDLE/INACTIVE UE, the two preamble groups be identical to the 2 configurations for the RRC connected state and the 2 configurations for the RRC inactive/idle state. However, it would be necessary to further leverage DMRS configuration (e.g. DMRS sequences) to provide additional differentiation from the RRC IDLE/INACTIVE UEs sharing the same preamble group.
Proposal 6: The preamble group based indication method together with DMRS sequence could be considered to indicate the PUSCH configurations.

	Huawei [1871]
	Proposal 10: For a UE in RRC_CONNECTED state, confirm the working assumption that reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
Proposal 11: For a UE in RRC_CONNECTED state, if MsgA PUSCH is configured, the number of MsgA PUSCH configurations can be different from that of UEs in RRC_IDLE/INACTIVE state.
Proposal 12: The criterion for the UE’s selection of MsgA PUSCH configuration should be specified based on the MCS, resource size and power control parameters of each PUSCH configuration.

	LGE [2262]
	Proposal 4:
 Preamble groups in CBRA can be used for both msgA PUSCH indication and preamble group indication.
 If preamble group A and B for 2-step RACH is used, these preamble groups can be used for both indicating msgA PUSCH configuration and indicating preamble group. 
 UE can select preamble group depending on message size for transmission.
 If preamble group A and B for 2-step RACH is not configured, these preamble groups can be used for only indicating msgA PUSCH configuration.
 UE can select preamble group depending on channel condition (e.g., SS-RSRP)
 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.

	CMCC [2531]
	Observation 1: In Rel-15, PRACH configuration is cell-specific but just configured via BWP-specific signaling.
Proposal 6: MsgA PUSCH configuration shall follow a similar method as PRACH configuration, i.e., msgA PUSCH configuration is cell-specific and could be configured via BWP-specific signaling with gNB ensures the necessary alignment among multiple UEs.

	Nokia [2557]
	Proposal 5: Confirm working assumption of using preamble group based method for MsgA PUSCH configuration indication.
Proposal 6: The number of MsgA PUSCH configurations for RRC_CONNECTED mode is independent from what is configured for RRC_IDLE/INACTIVE.

	OPPO [2650]
	Proposal 3: confirm the working assumption: Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.

	Ericsson [2671]
	• The number of preamble groups should be aligned with the number of msgA PUSCH configurations i.e. up to 4 preamble groups are needed.

	Apple [2803]
	Proposal 2: Confirm the working assumption: for a UE in RRC_CONNECTED state, reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.

	DCM [2869]
	Proposal 3: When MsgA PUSCH configuration is not configured for the active UL BWP, the UE behaviour should be clarified:
 Interpretation 1: the UE switches from the current active UL BWP to the initial UL BWP and performs 2-step RACH procedure on the initial UL BWP
 Interpretation 2: the UE just refers all parameters of MsgA PUSCH configuration for initial UL BWP, including frequency resource parameters, and performs 2-step RACH procedure on the active UL BWP
Proposal 4: When the criteria, e.g., RSRP, RSRQ, for any MsgA PUSCH configuration configured on the active UL BWP is not satisfied, the UE behaviour is following:
 Interpretation 1: the UE switches initial UL BWP and performs 2-step RACH procedure
 Interpretation 2: the UE just refers all parameters of MsgA PUSCH configuration for initial UL BWP , including frequency resource parameters, and performs 2-step RACH procedure on the active UL BWP
Proposal 5: When the criteria for any MsgA PUSCH configuration configured on initial UL BWP is not be satisfied, UE performs fallback to 4-step RACH.

	QC [3278]
	Proposal 6: Support multiple TBS configurations for msgA PUSCH in each RRS state:
• for a NR Rel-16 UE in RRC IDLE or INACTIVE state, two different TBS for msgA PUSCH can be configured by network in SI and applied to the  initial UL BWP;
• for a NR Rel-16 UE in RRC CONNECTED state, another two different TBS for msgA PUSCH can be configured by network in RRC signalling and applied to the active UL BWP;
• upon receiving the TBS configurations from gNB, UE selects the TBS for msgA PUSCH based at least on Layer 1 RSRP measurements, contents of msgA’s data buffer, and threshold ra-msgASizeGroupA.
Proposal 7: The same time and frequency grid can be shared by msgA PUSCH configurations with different TBS.
Proposal 8: The same RO can be shared by UEs with different msgA PUSCH configurations. The indication of msgA PUSCH configuration can be based at least on preamble grouping.

	CAICT [3025]
	Propoasl4: Set a criterion for UE’s selection of MsgA PUSCH configuration. Specifically, use the MsgA payload size as the criterion.

	
	




Validation rule of msgA PUSCH
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
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.)

Based on the contributions submitted to RAN1#99, companies’ preference are summarized in Table 6.
Table 6 Companies views on validation rule
	Company
	Views

	Huawei [1871]
	Proposal 9: UE is not expected that a PUSCH occasion including guard period span across the slot boundary, or the length of the last PO should be truncated if the PUSCH occasion including guard period span across the slot boundary.

	vivo [2006]
	Proposal 7: It is gNB implementation to ensure that msgA PUSCH occasion is not across the slot boundary.
Proposal 8: A criteria is defined for validation of msgA PUSCH occasion after the association between msgA PRACH and PUSCH.
• An msgA PUSCH occasion is considered as valid if it is at least N symbol(s) after the associated PRACH occasion
• FFS the value of N.
Proposal 9: If the criteria for validation of msgA PUSCH occasion after the association is defined, following UE behavior of msgA transmission can be considered.
• Option 1: UE transmits msgA when the PRACH occasion and the associated PUSCH occasion for msgA are valid
• Option 2: UE transmits msg1 when the PRACH occasion is valid and the associated PUSCH occasion for msgA are invalid.

	Fujitsu [2069]
	Proposal 2: After the mapping between preambles and msgA PUSCHs has been established, if the time interval between a preamble and its associated PRU is too large, the following invalidation rule is further applied.
- The related msgA PUSCH occasion is treated as being invalid.
- The preamble is used in the same way as that of 4-step RACH (i.e., transmitted without msgA PUSCH), or treated as being invalid.

	MTK [2093]
	Proposal 1: 
• For MsgA in 2-step RACH, the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is no less than N symbols
- N = 2 for 15 kHz and 30 kHz SCS.
- N = 4 for 60 kHz and 120 kHz SCS.

Proposal 2: 
• For MsgA in 2-step RACH, the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is no less than N symbols
- N = x for 15 kHz and 30 kHz SCS.
- N = 2x for 60 kHz and 120 kHz SCS.
• The value of x can be {1, 2, 3, 4}, where x=1 and  x=2 can be optional, depended on UE capability.

	Intel [2191]
	Proposal 7
• The RO-to-PO mapping is after the validation of RO and PO.
• The mapping is defined as between valid msgA RACH occasions and valid PUSCH occasions in the SSB-to-RO association period.

	Samsung [2443]
	Proposal 10: Remove the “FFS it does not span across the slot boundary, and”

	Nokia [2557]
	Proposal 1: A MsgA PUSCH Occasion is not allowed to span a slot boundary.
Proposal 7: The configured time offset between RO and PO is the minimum time difference between the starting positions of RO and first possible start of a PO.
Proposal 8: If a PO overlaps with that of a previous slot, the first PO is delated to the earliest UL slot that doesn’t overlap with POs of a previous slot.

	OPPO [2650]
	Proposal 4:    A msgA PUSCH occasion shall not span across the slot boundary.

	Apple [2803]
	Proposal 3: A valid PO is not allowed to across the slot boundary.
Proposal 4: According to SFI indication, A PO becomes invalid due to the transmission direction change, it doesn’t impact the preamble to PRU mapping ratio.

	DCM [2869]
	Proposal 1: A slot containing only DL symbols is not counted for time offset between the start of each PRACH slot (with at least one valid RO) and PUSCH slot.
Proposal 2: If MsgA PO is invalid, valid MsgA PO is generated in the next UL slot, and invalid MsgA PO is not mapped from MsgA RO.

	QC [3278]
	Proposal 1:  In NR Rel-16, a minimum transmission gap of N_(gap,2) OFDM symbols (excluding guard period of NR Rel-15 PRACH) is needed between msgA preamble and msgA payload in the same transmission instance. Specifically,
•   N_(gap,2)=2  for μ=0 or μ=1
•   N_(gap,2)=4  for μ=2 or μ=3
where μ is the SCS configuration of msgA PUSCH in the initial/active UL BWP.  
Proposal 2:  FFS the feasibility of applying zero guard time and zero transmission gap in NR Rel-16.
Proposal 3: For unpaired spectrum, UE performs msgA RO validation/invalidation for two-step RACH periodically every 160ms, by re-using the validation/invalidation rules specified in TS 38.213-8.1 for four-step ROs. Moreover,
• the 160ms validation periodicity for msgA RO should be aligned with the SSB-RO association patterns to guarantee the association pattern repeats for all msgA RO configuration periods within a RO validation period;
• the overlapping of ROs dedicated to two-step RACH and four-step RACH should be avoided by network configuration, and is not expected by UE. 
 for unpaired spectrum, when a UE is provided TDD-UL-DL-ConfigurationCommon, a PO is considered as invalid if:
  it is not fully aligned with UL symbols 
or
 it precedes a SSB in the PUSCH slot
or
 its gap to the last SSB reception symbol is less than N_gap OFDM symbols, where N_gap is specified in TS 38.213-8.1.

	CAICT [3025]
	 Option1: Subtract the unavailable PRACH/PUSCH resources from the configured PRACH/PUSCH resources and then carry out the mapping between PRACH preamble and PRU.
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.

	Spreadtrum [2570]
	Observation 1: For certain slot configuration, the last UL slots within one period will be followed by DL slots in the next period, which may hinder configuring PRACH and PUSCH for 2-step RA if there is a requirement of maximum time gap between PRACH and PUSCH of MsgA.
Proposal 1. To meet the latency requirement for 2-step RACH, the maximum time gap between PRACH and PUSCH should be defined and used as one of the PO validation criteria.

	Panasonic [2745]
	Proposal 3: If Msg.A PUSCH occasion spans across the slot boundary, it should be considered as invalid in Rel.16.




Point of discussion 8: (not necessary based on the latest agreement on the mapping)
· An additional criteria is defined for validation of msgA PUSCH resource unit after the mapping is done
· An msgA PUSCH resource unit is considered as valid to a UE if it is at least N symbol(s) after the associated PRACH preamble
· N = 2 for 15 kHz and 30 kHz SCS.
· N = 4 for 60 kHz and 120 kHz SCS.
· In case a PRU is invalid, UE behavior of msgA transmission to be down-selected from
· Option 1: the corresponding preamble will be invalid
· Option 2: UE can select the preamble and transmits preamble only
[Ericsson] We understand that the 2 or 4 symbol gap between PRACH and PUSCH was agreed in Rel-15, but its context in Rel-16 for NR-U and 2-step RACH is not clear.  Can proponents of requiring the gap for 2-step RACH elaborate if they think that UEs supporting CP extension for NR-U also need the gap for 2-step?  Also, if PRACH and PUSCH have the same SCS quantify the impact on performance if they are 16µs or less apart?

MCS
Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range

Based on the contributions submitted to RAN1#99, companies’ preference are summarized in Table 7.
Table 7 Companies views on validation rule
	Company
	Views

	ZTE [1827]
	{0,4,8,12} Refer to the low SE MCS table for RRC idle/inactive

	Huawei [1871]
	Proposal 1: For UEs in RRC_IDLE/INACTIVE state, the MCS table of ‘qam64’ is applied and the value range of MCS index is 0~7.
Proposal 2: For UEs in RRC_CONNECTED state, the MCS table can be ‘qam64’ or ‘qam64LowSE’, and the value range of MCS index is 0~15.

	APT [2255]
	Proposal 3: Restrict Msg-A transmission to the use of MCS table with lower spectral efficiency MCS table. Further, MCS values from the low-spectral-efficiency MCS table is restricted to a set with low equivalent code rate. 

	LGE [2262]
	Proposal 6: 
Ÿ 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.

	Sony [2337]
	Proposal 2: Support Transport block size (TBS) with {56, 72, 500, 1000} bits.
Considering robustness is important in MsgA PUSCH, the MCS options should only use QPSK modulation with some selected coding rates.  

	SS [2443]
	Proposal 11:   At most 2 MCS can be configured in a cell.
Proposal 12: Group A will be associated to the PUSCH configuration with lower MCS if there were two PUSCH configurations.

	CMCC [2531]
	Proposal 1: For RRC_IDLE/INACTIVE, the modulation scheme of msgA PUSCH could be limited to QPSK， and BPSK if transform precoding enabled. 
Proposal 2: Total 16 indexes could be indicated by RRC parameter msgA-MCS. The BPSK/QPSK entries inherits from ‘qam64’ table defined in Rel-15. Support some reserved indexes for future proof.

	Nokia [2557]
	Proposal 4: Apply Table 6.1.4.1-2 of TS 38.214 when indicating the configured MCS for MsgA PUSCH configuration.
Proposal 12: Prioritize the maximum PUSCH MsgA payload size to 72 bits for both RRC_CONNECTED and RRC_IDLE/INACTIVE.

	Ericsson [2671]
	Proposals:
• Inform RAN2 that 500 and 1000 bit packet sizes appear feasible with high coverage in some scenarios such as UMi with 200m ISD.
• Support soft combining for the dynamically scheduled msgA PUSCH retransmissions

	
	




Frequency hopping
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16

Companies’ views are listed in Table 8.
Table 8 Companies views on the intra-slot frequency hopping
	Company
	Views

	ZTE [1827]
	Proposal 7: There is no need to introduce hop level guard period.

	Huawei [1871]
	Observation 1: Intra-slot frequency hopping will cause PO collision if there is no guard period between two hops.
Proposal 8: Guard period between two hops of intra-slot frequency hopping should be supported.
[With evaluation resutls]

	LGE [2264]
	Proposal 5: 
 Intra-slot hopping is configured without guard period in a PO.

	CMCC [2531]
	Observation 2: The guard period between each hop of a PO and normal UL symbol can be achieved via proper gNB scheduling.
Proposal 7: No explicit guard period is configured between two hops of a PO.
Proposal 8: Frequency offset for msgA PUSCH on initial UL BWP follows the rule of msg3 PUSCH in Rel-15, i.e., the value of frequency offset related to the size of initial UL BWP.
Proposal 9: Frequency offset for msgA PUSCH on an UL BWP other than initial UL BWP should be RRC-configured.

	Nokia [2557]
	Proposal 3: Do not introduce a guard period between intra-slot frequency hops

	Ericsson [2671]
	Proposal 1 msgA PUSCH configurations do not support gap symbol(s) between the hops of msgA PUSCH when intra-slot frequency hopping is enabled.
[with simulation results]

	DCM [2869]
	Proposal 6: In order to avoid interference due to intra-slot frequency hopping, 
 gNB indication of the TA for MsgA PUSCH or predefined value of the TA for MsgA PUSCH, e.g., maximum TA value for the case of frequency hopping, should be supported.
 the configured or predefined gap between 1st hop and 2nd hop should be supported
 subsequent MsgA PO starts after “the gap between 1st hop and 2nd hop” + “MsgA PO duration” + “the gap between MsgA POs” from end of 1st hop of previous MsgA PO
Proposal 7: For the definition of PRU for intra-slot frequency hopping, one PRU should consist of both 1st hop and 2nd hop.

	Panasonic [2745]
	Proposa1 1: On the guard period between hop if intra-frequency hopping is enabled, down select from following options.
· Option 1: Guard period between the hop is specified.
· Configurable guard period (in the unit of symbols) between POs (guardPeriodMsgAPUSCH) is also used to the guard period between the hop.
· Option 2: Guard period between the hop is not specified.



Guard period between the two hops is supported by 3 companies, and not supported by 5 companies.	Comment by Jing Lei: QC: Guard period between adjacent hops is configurable for intra-slot frequency hopping.
Two companies provide simulation results, while the conclusions are contradictive.
	Huawei [R1-1912912]
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	(a). 6 PRBs, TBS=200 bits, SCS = 30 kHz
	(b). 6 PRBs, TBS=1000 bits, SCS = 30kHz


[bookmark: _Ref23845663]Figure 6. Evaluation results with intra-slot hopping


	Ericsson [R1-1912673]

LLS:
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Figure 3. Performance for various considered cases. (left) 10% target BLER, (right) 1% target BLER.

SLS:
[image: ] 
[bookmark: _Ref23925903]Figure 4. PUSCH 95 percentile BLER versus active user rate, for 1 transmission attempt for 12 and 14 symbols with and without frequency and for 12 symbols with and without a guard time between the 2 hops.
[image: ]
[bookmark: _Ref23925909]Figure 5. PUSCH average BLER versus active user rate, for 1 transmission attempt for 12 and 14 symbols with and without frequency and for 12 symbols with and without a guard time between the 2 hops.
[image: ]
[bookmark: _Ref23926070]Figure 6. PUSCH drop rate versus active user rate, for 4 transmission attempts for 12 and 14 symbols with and without frequency and for 12 symbols with and without a guard time between the 2 hops.





TA
One company [1871] propose that the timing for MsgA PRACH and PUSCH transmission should be both assumed as N_"TA" =0.
One company [2006] propose that for determination of TA for PUSCH of msgA, TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PRACH and PUSCH in connected state.
One company [2870] proposes that: For default behaviour,  for MsgA PUSCH should be based on whether the UE has a valid TA or not, i.e., whether the TA timer has been expired or not.
· Additionally, a certain value of TA, e.g., maximum TA value for the case of frequency hopping, can be indicated by gNB or can be predefined in the specification.



msgA channel structure for NR-U
Agreements:
· 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
Agreements:
· 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
Agreements:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 
Agreements:
· The starting of msgB window should follow that defined for 2-step RACH regardless of failure of LBT for msgA PUSCH.

Companies’ views on the impact of 2-step RACH application for NR-U are listed in Table 9.
Table 9 Companies views on the 2-step RACH application for NR-U
	Company
	Views

	ZTE [1827, 1828]
	Proposal 8: Single LBT can be achieved by some of the existing PRACH configurations and the CP extension of PUSCH. 
 Further enhancement, e.g. new msgA channel structure, can be optimized in later releases.
In NR-U use case, frequency domain resources of msgA PUSCH takes the form of interlace. Thus frequencyStartMsgAPUSCH should be revised into msgAPOInterlacePosition. Further discussions are needed regarding whether this parameter shall also indicate the total number of interlaces in the form of bitmap. Alternatively a parameter indicating the number of interlaces similar to nrMsgAPO-FDM  would work.
CP extension of PUSCH can precede the allocation PUSCH resource even though crossing the slot boundary. It can keep the gap between the PUSCH and previous transmission less than 16us or 25us. It is not necessary to use the subset of ROs via specifying some invalidation rules or modifying the PRACH configuration table.

	Huawei [1871]
	[bookmark: RANGE!B3]Proposal 16: Transmit PRACH and PUSCH in the same slot is not supported.

	vivo [2006,2007]
	Proposal 5: Support PRACH and PUSCH in the same slot for msgA transmission.
Proposal 6:  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.
For NR-U, similar mechanism as the shared RO case can be used. A mask indicates the subset of 2-step RACH ROs is valid for MsgA transmission, if not configured then all 2-step RACH ROs are available. 
Further discuss how to indicate valid ROs for 2-step RACH for NR-U case. A mask indicating the valid subset of 2-step RACH ROs can be considered, if not configured then all 2-step RACH ROs are available.

	Intel [2191]
	Proposal 1
• 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. 

	APT [2255]
	Proposal 4: Support that the time gap between Msg-A PRACH and PUSCH could be configured to be less than 16 us.

	LGE [2264]
	Proposal 1: 
Ÿ For NR-U, a timing gap between msgA preamble msgA PUSCH is shorter than 16us.
ü Preamble formats which does not contain guard time (i.e., Preamble format A1, A2 and A3) can be configured. Also, Preamble formats which contain short guard time (i.e., Preamble format A1/B1, A2/B2 and A3/B3) can be configured depending on subcarrier spacing.
ü Same SCS for both msgA preamble and msgA PUSCH is configured.
Proposal 2: 
Ÿ Introduce a parameter(s) for updating the value of parameter(s) which is/are configured by RACH configuration. (e.g., number of occasion, starting OFDM symbols, etc)
Proposal 3: 
 Support that interlace level guard band between multiple POs can be configured when Msg. A PUSCH is transmitted using interlaced structure.

	SS [2443]
	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, where the slot is defined by the min{preamble SCS, UL BWP SCS}.

	Nokia [2557]
	Proposal 10: To enable a single Cat 4 LBT for MsgA in NR-U, support transmitting the MsgA PRACH preamble and MsgA PUSCH in the same slot.
Proposal 11: To enable separate Cat 4 LBTs for MsgA PRACH and MsgA PUSCH, then a sufficient long time gap should additionally be supported to account for the minimum contention window length requirements.

	OPPO [2651]
	As a combined solution for RRC parameter, the mask value is introduced for 2-step RACH. This already gives very flexible configuration possibility for 2-step RACH. Additional invalidation rules for validate a subset of ROs for NR-U 2-step RACH may not bring any more benefit.
No further validation rules are introduced to select subset of ROs for 2-step RACH.

	Sharp/NICT [2644]
	Proposal 4: Not support transmissions of PRACH and MsgA PUSCH in a same slot.

	Ericsson [2671, 2672]
	Proposals
• Support CP extension for 2-step RACH
o Allow cyclic prefix extension by up to 72 µs in multiples of 9 µs, as is supported for Rel-16 NR-U configured grant
o Support indication of the CP extension duration in SIB1 and UE specific RRC signaling
• Additionally support mechanisms to restrict RACH occasions to the end of a RACH slot, as described in [5].
Proposal
• 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.
Proposal:
• When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion in a msgA PUSCH configuration is composed of N PUSCH interlaces
o The minimum value of N is 1
 FFS the maximum value of N
o 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)
o Alt 2: Same as Alt 1, except there are no unallocated interlaces between adjacent POs in frequency
o 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

[bookmark: _Toc24199962]For both shared RO and non-shared RO cases, signaling can be provided in SIB1 and dedicated RRC to indicate whether only the last RO defined for 2-step RACH in each PRACH slot is used for 2-step RACH at least for NR-U case.
[bookmark: _Toc24199963]The SSB to preamble mapping is determined after restricting to the last RO.

	QC [2934]
	Proposal 1:  To enable using a single CAT4 LBT for msgA in NR-U, support transmitting preamble and PUSCH in the same slot. In addition, when the same numerology is used but there is a gap between the preamble and the PUSCH (due to some preamble formats), CP extension can be used to reduce the gap to be within 16us when the gap is no longer than one OFDM symbol.
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.
Proposal 3:  To transmit msgA using a single CAT4 LBT in NR-U, support allocating PUSCH occasion(s) within a PRACH slot.
Proposal 5:  To transmit msgA using a single CAT4 LBT in NR-U, support allocating PUSCH occasion(s) right after a PRACH slot.
Proposal 4:  To avoid LBT blocking among random access UEs, support a CAT4 LBT gap before ROs with proceeding ROs or PUSCH occasion(s).
Proposal 6:  To avoid LBT blocking among random access UEs, support a CAT4 LBT gap before PUSCH occasions(s) with processing PUSCH occasion(s).

	
	



1) MsgA PRACH and PUSCH in a same slot
5 companies supported it while 5 other companies prefer not to support it in Rel.16
2) CP extension
Proposed by 3 companies
3) Mechanisms to restrict RACH occasions to the end of a RACH slot
Proposed by 1 company
3) Interlaced msgA PUSCH
The following parameters are mentioned:
Start interlace of the first PO in frequency domain, number of interlaces per PO, interlace level guard band


msgA PRACH configuration

PRACH Preamble configuration for 4-step RACH and 2-step RACH
[2263] discusses the PRACH Preamble configuration for 4-step RACH and 2-step RACH with the figure below:


It is proposed that:
· For configuration of 2-step RACH preamble in case of shared ROs, when total number of preambles except for other purposes (e.g. for SI request) is configured for 4-step RACH, select one alternative among following alternatives
· Alt.1: If preambles for 2-step is allocated in part of CFRA for 4-step RACH, preambles for CFRA for 4-step is automatically calculated when the number of preambles for 2-step RACH is configured.
· Alt.2: If preambles for 2-step is allocated in the part for other purposes (e.g. SI request), after the number of preambles is configured for one side such as the number of preambles for CBRA for 2-step RACH, the remaining number of preambles are used for opposite side (e.g. Others).
[2443] also mentions the 2-step CBRA preamble starting points could be the end of 4-step RACH preambles for that SSB and plus one.


	Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:



RO validation
In RAN1#98 meeting, we have a remaining FFS issue about the RO invalidation rule.
	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



The open point in this agreement is in the case of separately configured ROs for 2-step RACH and 4-step RACH whether the 2-step RACH ROs are allowed to overlap the 4-step ROs and if this is allowed, what is the prioritization/invalidation rule.
Based on the contributions submitted to RAN1#99, companies’ preference are summarized in Table 2.2-1.
Table 2.2-1 Companies views on FFS issue for RO invalidation rule
	Company
	Views

	ZTE [1828]
	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, the 2-step RACH ROs become invalid, ie.option1.

	Huawei[1872]
	In the case of separate ROs, if a 2-step RACH RO overlap with any 4-step RACH RO in time and frequency, the 2-step RACH RO becomes invalid, ie.option1. 

	Fujitsu[2070]
	For separately configured 2-step RACH and 4-step RACH ROs, the UE is not expected that 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency, i.e., Option 2 should be supported.

	Samsung [2444]
	UE is not expected to received overlapped 2step RACH RO and 4step RACH RO.
A RO in a RACH slot which is located at the end of a DL-UL configuration period in time domain will be invalid.

	Nokia [2558]
	For separately configured 2-step RACH ROs, if 2-step RACH ROs overlap 4-step ROs, the overlapping 2-step RACH ROs become invalid, ie.option1.

	Ericsson[2672]
	When separate ROs are configured for 2-step and 4-step RACH, the 2-step ROs overlapping with 4-step ROs are blocked, and only 4-step RA is allowed on the overlapped 4-step ROs

	Qualcomm 
[3278]
	For unpaired spectrum, UE performs msgA RO validation/invalidation for two-step RACH periodically every 160ms, by re-using the validation/invalidation rules specified in TS 38.213-8.1 for four-step ROs. Moreover,
· the 160ms validation periodicity for RO should be aligned with the SSB-RO association patterns to guarantee the association pattern repeats for all msgA RO configuration periods within a msgA RO validation period;
· the overlapping of ROs dedicated to two-step RACH and four-step RACH should be avoided by network configuration, and is not expected by UE. 


	CAICT[3026]
	[bookmark: OLE_LINK6]There are many rows in the TABLE of PRACH configurations in time-domain, it is easy to configure 2-step RACH ROs which are fully separated with 4-step RACH ROs. Therefore, we suggested to adopt Option2 over Option1. The time-domain PRACH resources based on the 2-step PRACH-configuration index are orthogonal to the time-domain PRACH resources based on the 4-step PRACH-configuration index. 



Offline proposal:
· 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, down-select from
· Option 1: the 2-step RACH ROs become invalid.
Supported by 4 companies (3 gNB vendors and 1 operator)
Option 2: This is not expected by UE.
Supported by 5 companies (5 UE/chipset vendors)

[Ericsson] According to our understanding, a rule is needed either explicitly in some specification text or making a configuration table never overlapping with 4-step RACH configuration. The former should be pursued at this stage for R16.

Shared RO mask index
Agreements: 
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)

1 company propose to revise the table so that only 2 bits can be used for the shared RO indication.
1 company propose to support subset of RO also for separate RO cases
1 company propose to support subset of RO also for NR-U cases [captured in section 2.3]

Review of the RRC parameters
There are many TBD in the RRC parameter list which needs to be determined in this meeting.
[Ericsson] General comment is that MCS table indication and Last-RO-Indication for ROs in each PRACH slot may be needed.
msgA PUSCH:
	Parameter Name (suggested)
	Values

	guardPeriodMsgAPUSCH
	

	nrofMsgAPOperSlot
	

	nrofSlotsMsgAPUSCH
	

	nrMsgAPO-FDM
	

	msgA-Alpha
	

	msgAPUSCH-timeDomainOffset
	

	nrofInterlacesPerMsgAPO
	

	interlaceStartMsgAPUSCH
	



msgA PRACH:
	Parameter Name (suggested)
	Values

	msgA-prach-ConfigurationIndex
	INTEGER (0..255)

	msgA-RO-FDM
	ENUMERATED {one, two, four, eight}

	msgApreamble-powerRampingStep
	ENUMERATED {dB0, dB2, dB4, dB6}

	msgA-CB-PreamblesPerSSB
	INTEGER (0..60) in case of N<=1; 
INTEGER (0..28) in case of N=2;
INTEGER (0..15) in case of N=4;
INTEGER (0..7) in case of N=8;
INTEGER (0..3) in case of N=16;

	msgA-ssb-sharedROmaskindex
	INTEGER (0…15)



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


Review of the UE feature list
Discuss how to update the UE feature list if time allows.

Summary
The following proposals will be presented online:

Proposal 1:
· For CP-OFDM, 
· Reuse the same formula in Rel.15 for the DMRS sequence generation, 
· value range of the number of DMRS sequences is down-selected from
· Alt. 1: [1,2]
·  is {0,1}, and
·  are given by the higher layer configurations if configured 
· else  
Supported by Nokia, NSB, LGE, ZTE, SS, HW, Hisi, Intel, Apple, CMCC, Sony
· Alt. 2: [1,2,4]
·  is extended to {0, nrofDMRS-Sequences - 1}+x, where nrofDMRS-Sequences is the configured number of DMRS sequences,
· Alt 2.1 : fixed , x is 0 for msgA PUSCH configuration 1, and x is nrofDMRS-Sequences (taken from PUSCH configuration 1) for msgA PUSCH configuration 2
Supported: QC, E///
· Alt 2.2 : configure one parameters  for each msgA PUSCH configuration. x =0.
Supported: HW, Hisi, E///, ZTE
· Alt 2.3: configure up to nrofDMRS-Sequences parameters , ,… for each msgA PUSCH configuration. x =0. 
Supported: HW, Hisi

For DFT-s-OFDM
· Alt 1: Not support multiple DMRS sequences
Supported: Intel, SS, LGE, Sony, Apple, Nokia
· Alt 2: Support multiple DMRS sequences with the same value range as CP-OFDM. Reuse the same formula in Rel.15 for the DMRS sequence generation, and 
· Alt 2.1  is extended to {0, nrofDMRS-Sequences - 1}+x+Cell_ID, x is 0 for msgA PUSCH configuration 1, and x is nrofDMRS-Sequences (taken from PUSCH configuration 1) for msgA PUSCH configuration 2
Supported by QC, E///
· Alt 2.2  is configurable INTERGER(0…1003)– 10bits
Supported by E///, HW
· Sequence hopping is always disabled, group hopping in always enabled.




· The following parameter(s) are included in msgA-DMRS-Configuration 
· 1-bit indication of index(-es) of CDM group(s): msgAPUSCHDMRSCDMgroup  INTERGER (0,1); if not configured then both CDM groups are used; and 
· 1-bit indication of port number msgAPUSCHNrOfPort  INTERGER (0,1); 0 indicates 1 port per CDM group, 1 indicates 2 ports per CDM group, [if not configured then 4 ports per CDM group are used]; 
· Regarding the parameter msgA-maxLength
· Opt 1: keep the parameter msgA-maxLength, but gNB cannot configure ‘len2’;
Supported by LGE
· Opt 2: keep the agreement for msgA-maxLength, if UE does not support ‘len2’, and if msgA-maxLength is configured as ‘len2’, the UE cannot use 2-step RACH resources.
· Note: it is UE capability issue, no spec impact
Supported by Nokia, Intel, E///, Huawei, QC
· The ordering the DMRS ports follow that in Rel.15
· FFS DMRS scrambling ID(s)
· DMRS Type for msgA PUSCH is type 1.


Proposal 2:
· If the DMRS resources configured in one PUSCH occasion is no larger than 8 (for type 1, len2) or 4 (for type1, len1), then only DMRS port is used.
· In case of single PUSCH configuration or if the DMRS symbols of multiple configurations are not overlapped, if the DMRS resources configured in one PUSCH occasion is no larger than 8 (for len2) or 4 (for len1), then only DMRS port is used.
Note: this is based on the previous common understanding when we agreed to support multiple sequences

· In case of multiple PUSCH configurations with overlapped DMRS symbols, network can configure different CDM groups for each msgA PUSCH configure.
Note: this is based on the previous agreement “Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination”


Proposal 3:

· Further enhancements
· Opt. 1: Further enhancement on the channel structure is not considered in Rel.16
· Opt. 2: Support msgA PRACH and PUSCH transmission in the same slot
Supported by: LGE. Nokia, Vivo, OPPO, Intel
Concerned by: E///, SS. HW, DCM, QC, Apple
· Opt. 3: Support additional 2-step RACH RO configurations
· Opt. 4: Support mechanisms to restrict RACH occasions to the end of a RACH slot
Supported by E///	
Concerned by SS, LGE, ZTE, QC, Intel
· Opt 5: Support CP extension for msgA PUSCH for NR-U
· The supported durations for CP extension at the UE can be configurable when the numerology and bandwidth of PRACH and PUSCH should be the same
· [up to 72 micro seconds with a granularity of 9 micro seconds]
	Supported by OPPO, E///
	Concerned by LGE
	

Proposals 4:
· 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, down-select from
· Option 1: the 2-step RACH ROs become invalid.
· Supported by 4 companies (3 gNB vendors and 1 operator)
· Option 2: This is not expected by UE.
· Supported by 5 companies (5 UE/chipset vendors)
· Option 3: no standardized solution, which implies that in the case of overlapping, gNB may have to prepare response assuming both 2-step and 4-step

RRC parameters
msgA PUSCH:
	Parameter Name (suggested)
	Values

	guardPeriodMsgAPUSCH
	Opt 1: {1,2}, not configured means 0,  1bit
Opt 2: {0,1,2,3}, 2bits

	nrofMsgAPOperSlot
	Opt 1: {1,2,3,7}, 2bits
Opt 2: {1,2,4,6}, 2bits

	nrofSlotsMsgAPUSCH
	Opt 1: {1,2}, 1bit
Opt 2: {1,2,3,4}, 2bits

	nrMsgAPO-FDM
	{1,2,4,8}, 2bits

	msgA-Alpha
	Same as msg3?
ENUMERATED {alpha0, alpha04, alpha05, alpha06, alpha07, alpha08, alpha09, alpha1}, 3bits

	msgAPUSCH-timeDomainOffset
	INTEGER ([1.. 32]) or ([0.. 31]), 5bits

	nrofInterlacesPerMsgAPO
	{1...10} for 15kHz, {1...5} for 30kHz, 4bits

	interlaceIndexFirstPOMsgAPUSCH
	{1...10} for 15kHz, {1...5} for 30kHz, 4bits



msgA PRACH:
	Parameter Name (suggested)
	Values

	msgA-prach-ConfigurationIndex
	INTEGER (0..255)

	msgA-RO-FDM
	ENUMERATED {one, two, four, eight}

	msgApreamble-powerRampingStep
	ENUMERATED {dB0, dB2, dB4, dB6}

	msgA-CB-PreamblesPerSSB
	Same value range as CB-PreamblesPerSSB

	msgA-ssb-sharedROmaskindex
	INTEGER (0…15)





Discuss offline first
· Proposal:  The transmission gap between msgA PRACH and msgA PUSCH (guard time excluded) is no less than Ngap symbols, as specified in TS 38.213-8.1.
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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
Agreements:
For 4-step RACH and 2-step RACH with separately configured ROs, the preamble formats of 4-step RACH and 2-step RACH can be different. 
· Note: For each of the separate configuration, the configuration is cell-specfic. 


 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


 RAN1#98bis:Agreements:
For separately configured ROs, the 2-step RACH MsgA PRACH SCS is indicated by the corresponding 4-step RACH parameter (msg1-subcarrierSpacing).
Agreements:
For separately configured ROs, the parameter ssb-perRACH-OccasionAndCBPreamblesPerSSB configures the number of SSBs per RO, and number of contention-based preambles for each SSB. If this parameter is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.
Agreements:
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.
Agreements:
For 2-step RACH in separate ROs, the following parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, restrictedSetConfig), are separately configured for 2-step RACH. If absent, reuse the corresponding 4-step RACH parameters.
Agreements:
For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles can be separately configured. If the configuration is absent, all 64 preambles are available for 2-step RA.
Agreements: [Email approval]
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)


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


RAN1#98bis:
Agreements:
· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· 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.
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.


Agreements:
· Different configuration periodicity for msgA PRACH and PUSCH is not supported in Rel.16
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
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.)
Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16
Agreements:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, Msg A PUSCH mapping type A or B and SLIV are included in a TDRA table.
· The TDRA table w.r.t Msg A PUSCH mapping type A or B and SLIV is based on the existing TDRA table
· FFS whether or not the parameter K2 in the table is used for msgA PUSCH
· FFS whether or not to further update
Agreements:
· Support configurable PRB-level guard band between FDMed PUSCH occasions with values only from {0, 1} PRBs
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16
Agreements:
· Aperiodic CSI report is not included in MsgA


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


 RAN1#98bis:Agreements:
· 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 frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· 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
Agreements [Email approval]
· Preamble to PRU mapping ratio is down-selected from:
· Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
· FFS how to handle the fractional part of mapping ratio, if any
· FFS how to make sure a valid PRU occurs after its corresponding preamble
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