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In RAN1#96, #96bis and #97 meetings, consensus was achieved on the definition of PUSCH occasion and PUSCH resource unit for msgA transmission. Some general design principles on the configuration of PUSCH occasion, mapping between RACH preambles and PUSCH resource units, as well as waveform and numerology for msgA PUSCH have been agreed. 
In this contribution, further details on PUSCH occasion configuration and mapping design are elaborated, with the proposals supported by the evaluation results. 

Channel structure of msgA
In this section, we express our further considerations on the time/frequency resource configuration parameters for msgA payload, and some details about supported MCS, guard band, validation rules, as well as the mapping between preamble and PRU, DMRS port/sequence.

Frequency-domain resource allocation for msgA payload
A plurality of parameters were defined for the configuration of PUSCH occasions. In section 2.1 and 2.2 we further discuss details of the parameters. As for Frequency-domain resource allocation, the parameters “Frequency starting point”, “Number of PRBs per PO”, “Guard band”, and “Number of FDMed POs”, are related.
1　 Frequency starting point
This parameter is specific for opt 1 or opt 2, it defines the start point of frequency domain resource of msgA PUSCH under each configuration.
· For opt 1 where the PUSCH occasions are separately configured, it is natural to define the frequency starting point as the offset with respect to PRB0 in the BWP, similar as the parameter “msg1-FrequencyStart” defined for RACH occasions (TS38.211 Section 6.3.3.2). 
· For opt 2 where the PUSCH occasions are configured by the relative location with respect to the ROs, our preference is to define a single frequency offset with respect to the start of the first RO in frequency. For most of the cases we think it is reasonable to allocate the PUSCH resources within the PRACH bandwidth in order to have better channel estimation ability and simplify the receiver implementation.
· Another possible option is to have a common definition of the frequency starting point for both opt 1 and opt 2, so that a unified design for frequency resource allocation can be achieved, which may simplify the signalling.
2　 Number of FDMed POs
Similar to RACH occasion, the POs (including guard band or guard period, if exist) under the same configuration are consecutive in frequency domain. For the number of FDMed POs, it may be also reasonable to have the same value range as number of FDMed ROs, i.e. {1,2,4,8}.
3　 Number of PRBs per PO
Based on the analytical calculation, we found that if 14 symbol (with 1/7 DMRS overhead) is allocated, 3 PRBs is enough for the transmission of 72bits payload with the lowest MCS level 0. Considering the possibility of mini-slot resource allocation, {1,2,3,6} PRBs seems to be adequate choices for 56/72bits payload transmission under RRC_INACTIVE/IDLE state.
In addition, UP data transmission may be involved for the 2-step RACH application in RRC_CONNECTED state. In that case, a possible way is to pre-define a separate set of candidate values for the pair of payload size (or MCS) and number of PRBs per PO. However, how to set the candidate values appropriately and meanwhile keep the signalling overhead as low as possible seems to be a non-trivial task. Since UP data transmission is only supported for the UEs in RRC_connected state, an alternative way is to have UE-specific RRC configurations including at least the payload size (or MCS) and number of PRBs per PO, which can overwrite the pre-configured values.
4　 Guard band
A guard band between POs can reduce the inter-carrier interferences, especially for the contention based data transmission without the correction of time/frequency offsets. On the other hand, introducing the PRB-level gap will results in the waste of resources, and thus reduce the overall resource utilization efficiency, especially when the number of PRBs per PO is small. 
We did some evaluations in our companion contribution [1], where it can be found that under non-ideal timing/frequency offset, the performance of 2UEs with adjacent PO allocation in frequency domain will result in 0.5~1dB performance loss compared to 2UEs with 1 PRB gap. However, if the 1PRB in between is actually used for the payload transmission of one of the UEs (which means the code rate of this UE can be lower), the performance is even better than leaving the resource as gap. Considering the trade-off of performance and resource utilization, we think the guard band between adjacent POs in frequency can be configurable from {0, 1} PRB. 
Another issue is whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH. We think it would be beneficial for receiver implementation, and the preamble can be used to enhance the channel estimation especially when DMRS collision may happen. If it is supported, then for opt 2 configuration the frequency starting point of msgA PUSCH can be defined as the offset with respect to the starting of the first RO, so as to minimize the signalling overhead.

Proposal 1: 
· Consider the following value ranges\clarifications for the parameters of frequency resource allocation of msgA PUSCH.
· The frequency starting point can be defined as the offset with respect to PRB0 in the BWP, which is common for both opt 1 and opt 2 resource configuration;
· Number of FDMed POs can be set from {1,2,4,8};
· Number of PRBs per PO can be set from {1,2,3,6} PRBs for 56/72bits payload transmission under RRC_IDLE/INACTIVE state; 
· For UP data transmission in RRC_CONNECTED state, using UE-specific RRC configurations for the signalling of at least MCS (or TBS) and number of PRBs per PO;
· The guard band between adjacent POs in frequency can be set from {0, 1} PRB.
· Support to limit the frequency resource of msgA PUSCH within the total bandwidth of PRACH. And the frequency starting point for opt 2 is defined as the offset with respect to the starting of the first RO.

Time-domain resource allocation for msgA payload
The main difference between the two options reflects on the time-domain resource configurations. Whatever opt 1 or opt 2 is adopted, there are basically two ways to configure the time domain resources for each PO: 
· Method 1: the starting location of the PO is indicated at symbol-level based on the offset (or periodicity + offset), and the length of PO is also defined as the number of symbols; 
· Method 2: the location of the PO is indicated at slot-level based on the offset (or periodicity + offset), while the starting symbol and number of symbols of the PO within the slot is indicated implicitly by using the SLIV.
Both methods are feasible for opt 1 resource configuration, and method 2 is preferred since it basically reuse the current NR time-domain resource allocation and thus less spec impact is expected. For opt 2, method 2 is also preferred since it can guarantee that the allocated PO will not cross the slot boundary, and also the data and DMRS for different POs will not be overlapped.
Based on the slot-level resource allocation mentioned above, the parameters specific to each of the options are listed as follows.
· For Opt 1 – separate configuration, 
· Periodicity: reuse the value range of PRACH, i.e. {10, 20, 40, 80, 160}ms
· Offset(s): index(-es) of the slot(s) where the PUSCH resources are allocated. Multiple offsets can be configured to have multiple PUSCH slots in time domain within the period.
· Resource allocation within a slot: the starting symbol and number of time-domain POs in a slot for msgA PUSCH can be implicitly configured via SLIV-based indication. This is common for all the allocated slots;
· For Opt 2 – relative location, 
· Single time offset (combination of slot-level and symbol-level indication): slot-level indication can be explicitly configured with respect to each PRACH slot. Similar to PUCCH-to-PUSCH resource indication, a transform on the slot numbering should be applied in case the SCSs of PRACH and PUSCH are different, i.e.  PUSCH slots, where  and  is subcarrier spacing configurations for PUSCH and PRACH respectively, and  is the slot index for PRACH,  is the configured slot-level time offset which is based on the numerology of PUSCH. Symbol-level time offset is indicated implicitly based on SLIV.
· Number of symbols per PO: similar to opt 1, the number of time-domain POs in a slot for msgA PUSCH can be implicitly configured via SLIV-based indication. More specifically, the default table for PUSCH time domain resource allocation as in TS38.214 Table 6.1.2.1.1-2 can be used.
In addition, it was marked as FFS for the parameter “number of TDMed POs” which is common for both opt 1 and opt 2. To our understanding, it may not be necessary to have multiple TDMed POs within a slot, since the coverage of PUSCH may be the bottleneck of 2-step RACH applications. Splitting the POs in frequency domain is more efficient rather than in time domain. 
Regarding the guard time within the PO, the motivation is to avoid inter-slot interference caused by large timing offset. It can be realized by gNB implementation resource allocation within the slot, i.e. leave the last one or two symbols as blank for different scenarios, based on the calculation in Table 1.
Table 1 Timing offset in the unit of symbols cause by round-trip delay
	SCS
	4G 200m
	4G 500m
	700M 1732m
	700M 25km
	Symbol length(μs)

	15kHz
	0.01symb
	0.03symb
	0.09symb
	1.34symb
	71.88

	30kHz
	0.02symb
	0.05symb
	0.19symb
	2.68symb
	35.94

	60kHz
	0.04symb
	0.11symb
	0.37symb
	5.36symb
	17.97

	120kHz
	0.08symb
	0.21symb
	0.74symb
	10.71symb
	8.99

	TO(μs)
	0.77
	1.92
	6.67
	96.23
	



Proposal 2: 
· Adopt the following parameters for time domain resource allocation of msgA PUSCH.
· For opt 1, the periodicity can share the same value range as that for PRACH; the offset(s) is/are defined as the index(-es) of slot(s) within the frame; the resource allocation within the slot can be configured via SLIV-based indication
· For opt 2, the single time offset respect to each PRACH slot is determined by an explicitly configured slot-level time offset and the starting symbol is implicitly configured by SLIV; the number of symbols per PO is also configured by SLIV-based indication.
· FFS multiple TDMed POs within a slot.
· The configuration of guard time is up to gNB implementation.

Validation rules for POs
The validation rule shall be defined in case the PO cannot be used, e.g. if the PO is overlapped with RO, or if the direction of slot where the PO located is conflicted with the “TDD-UL-DLConfigurationCommon”.
Various solutions can be considered if the PO is invalid. 
· Solution 1: the invalid PO will be neglected for the mapping design.
· Solution 2: the mapping design still counts the PO, and if the UE select the preamble corresponding to the PO, it will transmit msgA preamble only, without any data. The gNB only detects the preamble and then responds fall-back RAR.
· Solution 3: the mapping design still counts the PO, and the preamble corresponding to the invalid PO will also be considered as invalid.

Proposal 3: 
· The PO will be consider as invalid if it overlaps with any RO, or conflicts with the UL/DL direction. 
· For the handling of invalid PO, down-select from the following solutions
· ignore the invalid PO in the mapping design
· constrain the UE not to use the invalid PO but still transmit preamble
· also consider the corresponding preamble as invalid

1.1 Consideration on multiple configurations
In 4-step RACH, preamble group A/B is used to differentiate the payload size of msg3. Similarly, preamble grouping can be used in 2-step RACH to convey the information of multiple configurations, where each configuration may have a unique MCS/TBS. To avoid severe pooling effect, the number of configurations may be limited, e.g. up to 4.
For RRC_INACTIVE/IDLE state, at least 56bits and 72bits payload sizes are supported for msgA PUSCH. And according to previous analysis on the number of PRBs per PO, low MCS seems to be enough to support such small TB sizes. And since the MCS is preconfigured and the accurate CSI is unknown, it may not be necessary to have very subtle differentiation of different MCS levels. For example, if two bits are used to indicate the MCS per configuration, the range of MCS levels can be set as {0,2,4,6}, or {0,3,6,9}.
For RRC_CONNECTED state where UP data may be carried in msgA PUSCH, the MCS/TBS as well as other parameters can be indicated by RRC signalling.
Proposal 4: 
· Multiple configurations are indicated by different preamble groups. The number of configurations may be limited, e.g. up to 4.
· Multiple configurations are mainly used to convey the information of MCS levels. For each configuration, two bits may be used to indicate the MCS, and the value range can be set as {0,2,4,6} or {0,3,6,8}.

1.2 Mapping
1) Association Period
Considering both the ROs and POs are configured periodically, we envision that the association pattern between preambles and PRUs should also occur periodically. For opt.2 PO configuration, since the PO configuration period is aligned with the RO configuration period, the association period is therefore the common configuration period by default.
Nevertheless for opt.1, the PO configuration period could be different from the RO configuration period. A feasible association period is the max of the PO and RO configuration period, as long as one periodicity is the multiple of the other. From a starting point within the association period, the preambles and PRUs are ordered and associated subject to a certain mapping ratio. Empirically, the periodic association pattern should start from the first RO in the association period for both opt.1 and opt.2 PO configuration. To ensure there is always a PO after any RO, an additional constraint i.e. the mapping should start from the first RO after the first PO is applied to the RACH configuration period <= PUSCH configuration period case. In summary, we could obtain the following definition on association period and association starting point. Illustrations are provided in Figure 1 respectively.
· if RACH configuration period <= PUSCH configuration period, the duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· if RACH configuration period > PUSCH configuration period, the duration of the association period is equal to the RACH configuration period, and the mapping starts from the first RO within the RACH configuration period;

[image: AssociationPeriod0715Renew]
a) RO configuration period > PO configuration period
[image: AssociationPeriod0715-bisTDoc]
b) PO configuration period > RO configuration period

Figure 1	Association Period and Starting Point for Opt.1 PO Configuration
In case of multiple PO configurations, each PO configuration could possess a unique configuration period.  The following alternatives could be considered to establish the association between preambles and the PRUs belonging to corresponding PO configuration(s).
Alt.1 Independent association period for each of the PO configuration.
Alt.2 Common association period jointly considering all the PO configurations.
Alt.2 seems to be a cleaner solution considering a common association period and pattern could be shared by diverse PO configurations. However, two issues may arise with alt.2. Firstly, the PRU ordering needs to take into additional account which PO configuration a certain PRU belongs to. Secondly, for some ROs within the association period, possibly not all the PO configurations would be available for msgA PUSCH transmission. In case the UE payload actually mis-matches the available PO configuration type, some demodulation performance degradation or spectral efficiency loss may occur depending on whether the size of the available PO is smaller or larger than the PO size the payload actually needs. 
In the example illustrated in Figure 2, the RACH configuration period is 10ms meanwhile there are 2 PO configurations whose periodicity is 10ms (Config.1) and 20ms (Config.2) respectively.  With the alt.2 association methodology, the common association period would span 20ms from slot#9 in frame 0 till slot#8 in frame 2. For 3 RACH slots (e.g. slot#4,9 in frame 1 and slot#4 in frame 2) within this period, only config.1 PRU is available for association.  This may cause the aforementioned issues in case of traffic and PO size mis-match.  Nevertheless, with the alt.1 association methodology, different PO configurations possess different association periods within which all RACH slots will have either PRU configuration for association respectively.
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Figure	Association Period and Starting Point for Opt.1 PO Configuration
Proposal 5: 
· For separate PUSCH configuration, adopt the following association period and starting point definition for mapping between preamble and PRU.
· if RACH configuration period <= PUSCH configuration period, the duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· if RACH configuration period > PUSCH configuration period, the duration of the association period is equal to the RACH configuration period, and the mapping starts from the first RO within the RACH configuration period;
· In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration.

2) Mapping order
Once the association between PRACH slot and PO group is configured, it seems sufficient to define an ordering rule of the preambles and the  associated PUSCH resource units respectively to establish a mapping relationship. 
The ordering of PRACH preamble can be similar to that of SSB to RO mapping [8.1 TS38.213], i.e. 
· 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
Similarly, the ordering of PUSCH resource unit can be:
· First, in increasing order of DMRS indexes (TBD) within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH group
[image: ]
Figure 3.  Mapping between preambles and the associated PUSCH resource units
The ordering of preamble and PUSCH resource unit can be found in Figure 3. 
In case of 1-to-1 mapping, the preamble and PUSCH resource unit with the same ordering index are associated for an msgA transmission. In case of multiple preambles mapped to one PUSCH resource unit, there could be two different implementation methods, as illustrated in Figure 4. 
In addition, the PUSCH resource unit that are not associated with any preamble, if any, will not be used for msgA transmission.
[image: ]           [image: ]
(a) PUSCH_unit_ordering_index = floor(preamble_ordering_index / X)    (b) PUSCH_unit_ordering_index = mod(preamble_ordering_index, M)
Figure 4.  Mapping order, X=2, M=4 as example, M=
Proposal 6: 
· The ordering of PSUCH resource unit in a PO group should be 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
· FFS the relationship between DMRS indexes and DMRS port/sequence

3) DMRS port/sequence
During the RAN1# 97 meeting, the PO overhead reduction benefit of multiple DMRS sequences and multi-to-1 mapping with configurable mapping ratio are justified by link level simulations. Under CP-OFDM waveform, the pseudo-random sequence generator shall be initialized with


Allowing nscid  to be one of {0,1} would double the number of PRUs for a given PO and would therefore reduce the overall PO time frequency resource overhead. A UE may choose 0 or 1 as the initializer depending on its preamble index. Further PO overhead reduction could be achieved either by configuring the mapping ratio larger than 1 or an extension of the range of [image: ]to a set[image: ]. Since for different cells, the preamble root index are configured differently, the following method incorporating the preamble root index in the value of the [image: ] has the benefit of causing no additional inter-cell interference, 



Under DFT-S-OFDM waveform, for  the base sequence is given by



where the value of  is given by Tables 5.2.2.2-1 to 5.2.2.2-4 in TS38.211.  This implies when the payload occupies 1-4 PRB, further extension of DMRS sequences may lead to a modification of the tables, which seems far beyond the scope of the WID. When the payload occupies larger frequency resources, an extension of the parameter [image: ] could be considered since this leads to an extension of DMRS sequence group ID u. 
[image: ]

Proposals 7:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· Support 2 DMRS sequences as the starting point.
· A given UE’s initializer is related to its preamble index.
·  FFS larger number of DMRS sequences
· Consider preamble root index in DMRS sequence generation.

4) Mapping ratio
There has been the working assumption that at least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit, and the number of preambles (including one or multiple) mapped to one PUSCH resource unit should be configurable.

This can be achieved either by explicit configuration of the mapping ratio X, or by implicit derivation based on the total number of preambles in a PRACH slot and the total number of PUSCH resource units in a PUSCH group, i.e. , where  is the number of preambles used for 2-step RACH per RO associated with the PRUs belonging to a given PO configuration,  and  are respectively the number of time multiplexed ROs and frequency multiplexed ROs configured in a PRACH slot;  is the number of PUSCH resource units per PO,  and  are respectively the number of time multiplexed POs and frequency multiplexed POs configured in a PO group. 

According to previous analysis, the association and mapping had better be done in a PO configuration wise manner as illustrated in Figure 2.  For a given PO configuration k, there would be a corresponding preamble group k of size Rk.  In case of implicit configuration, the number Rk needs to broadcast in system information. The broadcast Rk needs to echo the specific traffic type and may vary from configuration to configuration. Therefore signalling bit overhead is proportional to the number of PO configurations supported. 
When it comes to explicit configuration, the mapping ratio X could be set common to all the PO configurations and be broadcast either with or without Rk. The minor additional signalling overhead for the case of broadcasting both X and Rk may be worthwhile considering the actual reserved PRUs could be more than the minimum value obtained from the aforementioned formula in case some POs be punctured by validation rule. In case of broadcasting the mapping ratio X only, the number of preambles Rk could be derived according to the aforementioned formula. Meanwhile, the size of preambles Rk could be semi statically adjusted to match the traffic of each PO configuration by tuning either the mapping ratio X or the number of PRUs belonging to PO configuration k. 
Intuitively speaking, the mapping ratio value range needs to meet at least the following requirements,
1) The mapping ratio values in the range should achieve a good balance of reserved PO overhead and payload decoding performance impact. 
2) The mapping ratio values should require a reasonable singalling overhead.
A reasonable choice of the value range could be {1,2,4,8}, with the upper band set as 8 which is calculated assume 64 preambles and 8 DMRS ports. If 1 to multiple mapping is supported, some of the values can be replaced by values less than 1. 

Proposals 8:
· 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 signaled with the value range {1,2,4,8}.
· FFS 1-to-multiple mapping

4) Considerations on SSB to PO association

The association between SSB and PO could be established explicitly or implicitly via either of the following way
- Association between SSB and PO with a parameter such as SSBperPO similar to that between SSB and RO
- Association between RO and PO and consequently the SSB is implicitly associated with PO.
With the first approach, there would be no need for additional parameter on the total number of 2-step preambles given a specification fixed starting point of the 2-step preambles as elaborated in our companion contribution. The association period between the SSB and PO had better be aligned with the association period between RO and PO, otherwise an association pattern period might be additionally defined.  The value range SSBperPO would need to be designed so that different DMRS configuration types and number of DMRS sequences need to be accommodated. This approach suits well the case where the BS is equipped with analog beamformer only since different SSBs would be associated with TDMed POs if SSBperPO is set as 1/nFDM, where nFDM is the number of FDM POs.
Nevertheless, though this case needs to be taken into account during the discussion on the PO configuration parameters and preamble to PRU mapping, it may not qualify as a general constraint for the following reason. If the POs corresponding to the same SSB are mandatorily still configured TDMed,  the number of TDM POs should be at least min(NtxSSB, nFDM*SSBperRO), where NtxSSB  is the number of actually transmitted SSBs and SSBperRO is the number of SSBs associated with each RO.  Due to this constraint, the following drawbacks may arise for the case where BS which could actually perform digital beamforming.
1) Latecncy Increase 
2) Resource utilization deficiency
[image: ssbtoROfin]
Figure 5. Illustration of TDM POs associated with different SSBs
As illustrated in Figure 5, nFDM is 2, SSBperRO is 4 and the number of actually transmitted SSBs NtxSSB  is 8. The number of TDM POs should therefore be at least 8 within the association period. If we look at the time gap between the RO and PO8, we could see a noticeable latency increase compared with the time gap between RO and PO1. Morever, in case there are not many 2-step preambles, e.g. only 8 preambles in total from the 2 ROs, the resource utilization of the PO is in deficiency considering 1 to 1 mapping could be done with only 1 PO overhead with double symbol DMRS configuration type I. Moreover, given the SSBperRO values could be larger than 1 anyway, restricting SSBperPO as 1/nFDM seems inconsistent and unnecessary.
The following observation may be drawn accordingly,
Observation 1: Configuring POs associated with different SSBs in a TDMed manner may cause latency and resource utilization issues in case of BS with digital beamforming capability.
Proposals 9:
· Further study the necessity of introducing SSB to PO mapping
MsgA payload transmission
1.3 Scrambling for msgA PUSCH
It is agreed the c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID. n_ID can be  cell ID or configurable. In this section, we discussion details of the construction of initialization scrambling sequence (c_init).
One approach is the initialization scrambling sequence (c_init) contains 16 bits RA_RNTI, 6 bits preamble_index and 9 bits cell_ID. Where, RA_RNTI is determined by the time-frequency resource of PRACH occasion, cell_ID is generated from a 10 bits cell_ID by puncturing 1 bit, 
The 31 bits length sequence could be depicted as 


Where RNTI could be RA_RNTI, n_ID could be generated from a 10 bits cell_ID by puncturing 1 bit, in fact , RNTI could be msgB RNTI which is determined by time-frequency of PRACH occasion and different from the range of RA_RNTI.
Proposal 10：
· 
Incorporate preamble index in the c_init calculation for the scrambling initialization ID, e.g. 
1.4 Waveform for msgA PUSCH
Both OFDM and DFT-s-OFDM is supported for msgA PUSCH transmission. The remaining issue is that whether the msgA PUSCH will always follow msg3 or can be separate configured. 
Proposal 11:
· The waveform for msgA PUSCH is indicated by parameter “msgA-transformPrecoder”, and if the field is absent, reuse the value as “msg3-transformPrecoder”.
Repetition and frequency hopping
Repetition and frequency hopping are usually used to enhance the transmission performance. And the gain usually comes together with configuration/implementation complexity. In general, we can postpone the decision of whether to support repetition or frequency hopping after the basic channel structure is functionally complete.
Proposal 12:
· Postpone the decision of whether to support repetition or frequency hopping after the basic channel structure is functionally complete.

Considerations of msgA for NR-U
Agreements relative to the NR-U PRACH design made in NR-U WI are listed as follows:
Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

In general, the msgA channel structure shall be reused as much as possible for NR-U applications.
One of the most important benefits of 2-step RACH in NR-U is that it reduces the number of LBT steps. It depends on the time gap between the preamble transmission (not include the GP in PRACH structure) and payload transmission. In case the time gap > 16 µs, msgA will be transmitted with performing an additional CCA, and that leads to additional LBT steps. So the time gap between the preamble transmission and payload transmission should be less than 16us. In order to reduce the time gap between PRACH and PUSCH and thus avoid multiple LBTs, PRACH and PUSCH configured in the same slot shall be supported for NR-U if short preamble format is configured. And if supported, opt 3 for the configuration of numerology is preferred, i.e. a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission.
If new ZC sequences or repetition of Rel.15 PRACH sequences would be supported later based on the discussions, it may be necessary to introduce new preamble sequence or frequency repetition of the current sequence for NR-U. There should be no impact on the configurations of msgA PRACH as well as the mapping between PRACH and PUSCH for 2-step RACH. In addition, to expand the occupied bandwidth of msg3, PUSCH occasions may be interlaced in frequency domain. Therefore the configuration parameter “number of FDMed POs” should be replaced by “number of interlaced POs”, and the design of mapping order should take into account the interlace indexes instead of FDM indexes.
Proposal 13: 
· Reuse the msgA channel structure as much as possible for NR-U applications
· Support msgA PRACH and PUSCH in the same slot for NR-U. And adopt opt 3 for the configuration of numerology: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· FFS additional considerations on the configuration parameter and mapping ordering, in case interlaced PUSCH is supported in NR-U.

Conclusion
The following proposals are made:
Proposal 1: 
· Considering the following value ranges for the parameters of frequency resource allocation of msgA PUSCH.
· The frequency starting point can be defined as the offset with respect to PRB0 in the BWP, which is common for both opt 1 and opt 2 resource configuration;
· Number of FDMed POs can be set from {1,2,4,8};
· Number of PRBs per PO can be set from {1,2,3,6} PRBs for 56/72bits payload transmission under RRC_IDLE/INACTIVE state; 
· For UP data transmission in RRC_CONNECTED state, using UE-specific RRC configurations for the signalling of at least MCS (or TBS) and number of PRBs per PO;
· Thee guard band between adjacent POs in frequency can be set from {0, 1} PRB.
· Support to limit the frequency resource of msgA PUSCH with the total bandwidth of PRACH. And the frequency starting point for opt 2 is defined as the offset with respect to the starting of the first RO.
Proposal 2: 
· Adopt the following parameters for time domain resource allocation of msgA PUSCH.
· For opt 1, the periodicity can share the same value range as that for PRACH; the offset(s) is/are defined as the index(-es) of slot(s) within the frame; the resource allocation within the slot can be configured via SLIV-based indication
· For opt 2, the single time offset respect to each PRACH slot is determined by an explicitly configured slot-level time offset and the starting symbol is implicitly configured by SLIV; the number of symbols per PO is also configured by SLIV-based indication.
· FFS multiple TDMed POs within a slot.
· The configuration of guard time is up to gNB implementation.
Proposal 3: 
· The PO will be consider as invalid if it overlaps with any RO, or conflicts with the UL/DL direction. 
· For the handling of invalid PO, down-select from the following solutions
· Solution 1: ignore the invalid PO in the mapping design
· Solution 2: constrain the UE not to use the invalid PO but still transmit preamble 
· Solution 3: also consider the corresponding preamble as invalid
Proposal 4: 
· Multiple configurations are indicated by different preamble groups. The number of configurations may be limited, e.g. up to 4.
· Multiple configurations are mainly used to convey the information of MCS levels. For each configuration, two bits may be used to indicate the MCS, and the value range can be set as {0,2,4,6} or {0,3,6,8}.
Proposal 5: 
· For separate PUSCH configuration, adopt the following association period and starting point definition for mapping between preamble and PRU.
· if RACH configuration period <= PUSCH configuration period, the duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· if RACH configuration period > PUSCH configuration period, the duration of the association period is equal to the RACH configuration period, and the mapping starts from the first RO within the RACH configuration period;
· In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration.
Proposal 6: 
· The ordering of PSUCH resource unit in a PO group should be 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
· FFS the relationship between DMRS indexes and DMRS port/sequence
Proposals 7:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· Support 2 DMRS sequences as the starting point.
· A given UE’s initializer is related to its preamble index.
·  FFS larger number of DMRS sequences
· Consider preamble root index in DMRS sequence generation.
Proposals 8:
· 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 signaled with the value range {1,2,4,8}.
· FFS 1-to-multiple mapping
Proposals 9:
· Further study the necessity of introducing SSB to PO mapping
Proposal 10：
· 
Incorporate preamble index in the c_init calculation for the scrambling initialization ID, e.g. 
Proposal 11:
· The waveform for msgA PUSCH is indicated by parameter “msgA-transformPrecoder”, and if the field is absent, reuse the value as “msg3-transformPrecoder”.
Proposal 12:
· Postpone the decision of whether to support repetition or frequency hopping after the basic channel structure is functionally complete.
Proposal 13: 
· Reuse the msgA channel structure as much as possible for NR-U applications
· Support msgA PRACH and PUSCH in the same slot for NR-U. And adopt opt 3 for the configuration of numerology: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· FFS additional considerations on the configuration parameter and mapping ordering, in case interlaced PUSCH is supported in NR-U.
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Appendix
In RAN1 #96, #96bis and #97 meetings, some agreements related to the channel structure were achieved as follows.
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· The time-frequency resource for payload transmissions
· 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 (i.e., 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:
· 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:
· 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.
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
· i.e., when short preamble is used (L=139)
Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
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:
· 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.

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

Agreed evaluation assumptions:
	Parameters
	Values

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

	Preamble format
	Format 0/[A1]; [32, 64] preambles in each RO.
Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO

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

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

	The number of PUSCH symbols & PUSCH mapping type
	14, Type A;
[6], Type B as optional

	1) Total Number of PRBs for msgA PUSCH
Or 
2) number of PRBs per PUSCH occasion 
Note: either of them should be aligned for scheme comparison
	[6, 12]
Or 
[1,2,3]

	PUSCH DMRS overhead
	[2 or 3] DMRS symbols

	Frequency hopping for msgA PUSCH
	Company report, enabled/disabled

	TBS
	1) 56 72 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or can be reported
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)
FFS: interference from the adjacent PUSCH resource occasion, including how to model relative SINR, timing, etc.

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx. FFS: 2 Tx

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

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

	Timing offset
	Uniform [0, RTT]. 

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

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

	Receiver
	MMSE-IRC as baseline

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

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

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