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Introduction
In the past meetings, consensus was achieved on the msgA PUSCH configuration parameters, as well as waveform, numerology, scrambling for msgA. 
In this contribution, further details on exact available values such as MCS and time-frequency resource size of PO are discussed. Mapping design between RACH preambles and PUSCH resource units are elaborated, and also our views on validation rules, hopping and repetition are proposed. 

Channel structure of msgA
In this section, we express our further considerations on the configuration parameters for msgA PRACH and PUSCH, validation rules, as well as the mapping between preamble and PRU.
Time/Frequency-domain resource allocation for msgA payload
The following parameters were defined per msgA PUSCH configuration. 
1) Values of frequency domain parameters were discussed below. 
1　 Number of FDMed POs (nrMsgAPO-FDM)
For the number of msgA PUSCH occasions FDMed in one time instance, it may be reasonable to have compatible (or larger) value compared with number of FDMed ROs, i.e. {1,2,4,8}. The value 2n will simplify the calculation of number of PRUs associated with preambles in a PRACH slot/RO/SSB. Signaling overhead should also be taken into consideration.
2　 Number of PRBs per PO (nrofPRBsperMsgAPO)
The number of PRBs per PO is the frequency resource size for a payload transmission. Based on the analytical calculation, assuming that 14 symbols (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, for example, if 2 symbols (with 1/2 DMRS overhead)  is allocated, 6 PRBs can be allocated for 72 bits transmission with the MCS level 7 when normal MCS table is adopted.
So the value {1,2,3,6} PRBs seems to be adequate choices for 56/72bits payload transmission under RRC_INACTIVE/IDLE state. 
In addition, UP small data transmission may be involved for the 2-step RACH application in RRC_CONNECTED state. In order to cover a large value range of TBS, the value range of PRBs per PO could be extended. 
2) Values of time domain parameters were discussed below.
1　 Periodicity and offset of PO configuration (msgAPUSCH-Periodicity)
It has been agreed to at least support the same periodicity for msgA PUSCH and PRACH, where a single offset related to each PRACH slot. The remaining issue is whether to support different periodicity for msgA PUSCH, which could be smaller or larger than PRACH. In short we think the value range could be the same as PRACH, and only PUSCH periodicity equal to or larger than PRACH can be useful. The reasons are given as follows:
· For smaller periodicity, the motivation may be to increase the number of PRUs. However this can be also achieve by increasing the number of PUSCH slots configured under the same periodicity. As illustrated in Figure 1, smaller periodicity performs no benefit in terms of latency compared with more PUSCH slots under the same periodicity.


Figure 1 Illustration of PUSCH configuration period smaller than PRACH configuration period
· Larger periodicity may be used to save the reserved resource overhead of PUSCH, POs can be configured by reusing the single offset related to PRACH slot in the 10ms frame.


Figure 2 Illustration of PUSCH configuration period smaller than PRACH configuration period 
2　 Value range of the offset (msgAPUSCH-timeDomainOffset)
Considering the main benefit of 2-step RACH is latency reduction, the offset between PRACH and PUSCH should not be too large, e.g. {1,2,3,4} slots with 2 bits signalling.
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.
3　 Resource indication in a slot (startSymbolAndLengthMsgAPO and mappingTypeMsgAPUSCH)
SLIV is used to indicate the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain. The default table of the list of SLIV can be reused in principle which required only 4 bits in the RRC signalling. However, considering there could be multiple TDMed POs in a slot,  the default table may not be able to provide enough flexibility for the configurations. There could be two ways for the optimization: 1) define a modified SLIV table; 2) reuse the list provided in PUSCH-Config-Common and/or PUSCH-Config, which requires 7 bits for the indication of SLIV and additionally 1 bit for the mapping type.
4　  Number of time domain POs in each slot (nrofMsgAPOperSlot)
The possible values for the number of TDMed ROs within as slot could be {1,2,3,6,7}. To facilitate the configuration or calculation of mapping ratio, it would be reasonable to set similar values for TDMed POs within a slot, e.g. {1,2,3,7}, where 6 may be excluded to keep the 2bits signalling, since this number can be derived from 2*3.
5　 Number of PUSCH slots (nrofSlotsMsgAPUSCH)
As mentioned earlier, configuring multiple slots of PUSCH help increase the total PRU number, especially when the number of PRACH slots in a frame could also be quite large. Considering the number of PRUs can be also adjust by number of DMRS ports/sequence, number of FDMed POs, number of TDMed POs within a slot, it seems enough to use 1 or 2 bits to indicate the value range, e.g. {1,2} or {1,2,3,4}.
6　 Configurable guard period (guardPeriodMsgAPUSCH)
Regarding the guard period within the PO, the motivation is to avoid inter-slot interference caused by large timing offset. Based on the calculation in Table 1, the guard period value range could be optionally configured with the value taken from {1,2} symbols. 
7　 MCS and TBS
Regards to the parameter TBS and/or MCS, to save the signalling overhead, only MCS is signaled for a fixed PO resource size, the TBS can be padding to fit for a pair parameter of MCS and resource size. 
For RRC_INACTIVE/IDLE state, since the MCS is preconfigured and the accurate CSI is unknown, it may not be necessary to have very subtle differentiation of different MCS levels. Therefore, in order to further reduce the signaling overhead, For example, two bits are used to indicate the MCS per configuration. The range of MCS levels can be set as {0,3,6,9}. 
In case of larger payload for RRC_CONNECTED state, value range can be taken from that for configured grant as starting point.
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 1: 
· Adopt the following value ranges for time/frequency domain resource allocation of msgA PUSCH.
	Parameter
	value
	note

	nrMsgAPO-FDM
	{1,2,4,8}
	Same as FDMed ROs

	nrofPRBsperMsgAPO
	{1,2,3,6}
	Could be extended for RRC_CONNECTED

	MCS
	{0,3,6,9}; 
	Denoting the row index of the MCS table. Could be extended for RRC_CONNECTED

	msgAPUSCH-Periodicity
	{10,20,40,80,160} 
	PUSCH configuration period smaller than PRACH configuration period is not expected

	msgAPUSCH-timeDomainOffset
	{1,2,3,4}
	

	nrofMsgAPOperSlot
	{1,2,3,7}
	

	nrofSlotsMsgAPUSCH
	{1,2} or {1,2,3,4}
	

	guardPeriodMsgAPUSCH
	{1,2} symbols
	If this parameter is absent, no guard period between the POs is configured



Another issue is how to handle the overlapping between POs. Overlapping POs like PO2 and PO3 is depicted in Figure 3. There could two ways to handle the overlapped resources: 1) consider it as two POs, 2) consider it as one PO. The former would lead to higher overloading on the overlapped resources and also complicated the mapping order, and thus is not recommended. The latter solution would simplify the mapping design, for example there will be 3 POs mapped to the two PRACH slots as depicted in Figure 3, and the PRUs on the overlapped PO will only be counted once.
    
[image: ]
Figure 3. Illustration of overlapping POs
1.1 Multiple configurations
It has been agreed to at least support up to two msgA PUSCH configurations for both RRC_CONNECTED and RRC_IDLE/INACTIVE state.
As mentioned in the previous section, the value range of some parameters such as MCS and PRB numbers could be different between different RRC states.
It is clear that the configurations for RRC_INACTIVE/IDLE state should be broadcast, and these configurations are considered as the defaults ones which can be used for the UE in RRC_CONNECTED state as well. There could be one or two separate configurations for RRC_CONNECTED state, and these configurations can be considered as additional configurations or used to overwrite the default configurations.
1) Additional configuration. If it is defined, the UE in RRC_CONNECTED state can use up to four configurations. And thus four preamble groups (or preamble grouping + RO partitioning) are needed to distinguish different configurations. On one hand, more groups may have the pooling efficiency issue; On the other hand, the preamble resources used for UEs in RRC_IDLE/INACTIVE state will be reduced.
2) Overwrite the default configuration. If this is defined, the UE will always be able to use up to two configurations. E.g. if there is one configuration for RRC_CONNECTED state, it will overwrite the first default configuration. While if there are two configurations for RRC_CONNECTED state, both default configurations will be overwritten. The preamble grouping remains unchanged. A potential issue is that the gNB may have to blindly decode 2 configurations since each preamble group may be associated with a RRC_CONNECTED state configuration and a RRC_IDLE/INACTIVE state configuration at the same time.
3) Another approach is to keep the same configurations among RRC_IDLE/INACTIVE and CONNECTED states for CBRA. In case of larger payload size for RRC_CONNECTED, this can be realized by defining a separate configuration for CFRA associated with a dedicated RO. The same preamble grouping as Rel.15 can be reused.
Proposal 2: 
· The same configurations (up to two) can be supported among RRC_IDLE/INACTIVE and CONNECTED states for CBRA
· Reuse the same preamble grouping as that from Rel.15
· For larger payload size transmission in msgA for RRC_CONNECTED state, it can be realized by defining a separate PUSCH configuration for CFRA associated with a dedicated RO

Validation rules for POs
The validation rule shall be defined in case the PO cannot be used or there will be implementation problem for gNB or UE. Similar validation rules as PRACH can be adopted for msgA PUSCH as well, and in addition, if the PO is overlapped with RO, or if the direction of slot where the PO located is conflicted with the “TDD-UL-DLConfigurationCommon”.  
Proposal 3:
· Validation rule for 2-step RACH occasion follows that for 4-step RACH occasion
· A 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it does not overlap with any 4-step or 2-step RACH occasions, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol
· it does not span across the slot boundary 
· it starts at least  symbols after the associated RACH occasion
· FFS other criteria
· The invalid PO will be neglected for the mapping design.

1.2 Mapping
1) DMRS port/sequence
During the RAN1# 98 meeting, multiple DMRS sequences have been agreed at least for CP-OFDM waveform. 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 as follows,
nscid = mod(preamble index, 2)
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 4:
· Support 2 DMRS sequences as the starting point for CP-OFDM
· A given UE’s initializer is related to its preamble index.
· FFS larger number of DMRS sequences
· Consider preamble root index in DMRS sequence generation.
· FFS how to support multiple sequences for DFT-s-OFDM
2) 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. Per RAN1 #98 meeting agreements, the same PUSCH periodicity with RACH periodicity configuration is supported. To support periodic association pattern between RO and PO, the following options could be considered, 
Opt1: The association period is set as the common configuration period. 
Opt2: The association period is set as the SSB to RO association period.
Compared with opt.1, opt.2 association period is long enough to ensure all the transmitted SSBs are mapped at least once to the POs within. This could facilitate beam to PO association implementation from UE perspective. A drawback of opt.2 may be related to following special case (e.g. PRACH index 77) where there exists a single RACH slot within the RACH configuration period. Setting the association period as the RACH configuration period could ensure the associated PO is always behind the RO and the redundant PRUs could be invalidated. While the periodicity with opt.2 could be larger, the association between preamble and PRU could result in a situation where preamble is behind the corresponding PRUs in need of additional PO invalidation. Considering the fact that the SSB to RO association period is an integer multiple of RACH configuration period, the UE could anyway construct a complete association cycle using the SSB to RO association period to facilitate implementation.
The following observation could be made accordingly:
Observation 1:
· Both options of association period are feasible. Opt 1 holds an edge in the sense of less PO invalidation under certain settings.
For the case where PO configuration period is different from RO configuration period, a feasible association period is the max of the PO and RO configuration period, as long as one periodicity is the integer 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. 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. As mentioned previously, it seems unnecessary to make PO configuration periodicity smaller than RACH configuration periodicity. In summary, we could obtain the following definition on association period and association starting point. Illustrations are provided in Figure 4 respectively.
· RACH configuration period <= PUSCH configuration period always holds   
· The duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;

[image: AssociationPeriod0715-bisTDoc]
Figure 4 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 5, 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 5 Association Period and Starting Point for Opt.1 PO Configuration
We could further define association period involving the SSB to RO association. 
· RACH configuration period <= PUSCH configuration period always holds   
· The duration of the association period is equal to max(PUSCH configuration period, SSB to RO association period), and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
Proposal 5:
· For separate PUSCH configuration, the following association period and starting point definition for mapping between preamble and PRU could be considered
· RACH configuration period <= PUSCH configuration period always holds   
· The duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· The association period could be alternatively set as max(PUSCH configuration period, SSB to RO association period) .
· In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration;

3) Mapping order
Preamble to PRU mapping could be performed effectively by ordering the preamble and PRUs respectively followed by associating the ordered indexes. As indicated above, the mapping could be done configuration wise on an association period basis leading to periodic association pattern. 
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 belonging to a given PUSCH configuration can be:
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· DMRS indexing should prioritize DMRS ports over sequences
· DMRS port should prioritize CDM groups over OCC pattern
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions 
[image: ]
Figure 6.  Illustration of PUSCH resource unit ordering
The ordering index l of a given PUSCH resource unit (x1,x2,x3) from Figure 6 could be formularized as follows,

where  are integers ranging from 0 to the respective upper bounds: number of PRUs on a given PO ND, number of FDMed POs NF and number of time domain POs NT.
Following the association method in TS38.213, consecutive preambles could be associated with PRUs following a mapping ratio X formularized as 
floor(P/X)
where P is the preamble ordering index.
Alternatively the mapping could be done by associating consecutive preambles with consecutive PRUs formularized as 
mod(P,X).
In addition, the PUSCH resource units that are not associated with any preamble within the association period, if any, will not be used for msgA transmission. 
With this ordering and association method, we could further derive the settings such that the SSB to PO association would not result in SSBs associated with RO bypassing the BS beamforming capability. Denote , SSBperRO, nFDMRO ,nFDMPO and CB-PreamblesPerSSBConf  as the # of actually transmitted SSBs within a RACH slot, # of SSBs associated with each RO, # of FDMed ROs, # of FDMed POs associated with the RACH slot and # of CBRA preambles associated with a given PO configuration respectively. CB-PreamblesPerSSBConf  refers to the number of CBRA preambles belonging to a given configuration which could be derived from the such parameter as numberOfRA-PreamblesGroupA. Given above notations, setting number of SSBs associated with FDMed POs for each configuration as  would be safe. We could ensure the same # of SSBs is associated with FDMed POs and ROs by further setting S = min(, SSBperRO * nFDMRO ). An illustration is given in Figure 7. 
 [image: ]
Figure 7.  Illustration of PO setting conforming the BS beamforming capability
To further ensure different SSBs are TDMed associated with POs, the following restriction on msgA PUSCH configuration could be additionally considered. Illustration with the above setting is given in Figure 8.  At least 2 parameters, i.e., number of time domain POs in each slot and Number of slots containing one or multiple POs could be tuned to acquire the following pattern.
#FDMPO <= ceil(CB-PreamblesPerSSBConf /(X*#DMRS))
 [image: ]
Figure 8.  Illustration of PO setting with different SSBs mapped to TDMed POs
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Proposal 6: 
· The ordering of PSUCH resource unit should be 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· DMRS indexing should prioritize DMRS ports over sequences
· DMRS port should prioritize CDM groups over OCC pattern
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions

4) Mapping ratio
Per RAN1#98 agreements, one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource units have been supported.
This can be achieved either by explicit configuration of the mapping ratio X, or by implicit derivation based on the total number of preambles and the total number of PUSCH resource units within the association period, 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;  is the number of PUSCH resource units per PO,  and  are respectively the number of time multiplexed POs and frequency multiplexed POs. 
According to previous analysis, the association and mapping had better be done in a PO configuration wise manner as illustrated in Figure 5.  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 signaling overhead.
A reasonable choice of the value range could be {1,2,4,8} for CBRA, with the upper band set as 8 calculated assuming 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. For CFRA, the value range can be extended, e.g. up to 64 considering the possibility of one dedicated RO is mapped to one dedicated PO.
Proposals 7:
· Configurable number X of preambles (including one or multiple) mapped to one PRU, explicitly signaled within the value range {1,2,4,8}.
· Value range for CFRA can be extended.

5) 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.
On top of associating consecutive preambles to the PRUs as aforementioned, the following 2 potential enhancements on SSB to PO association have been proposed. 

· E1: Associating, to the best effort, different SSBs with TDMed POs. 
· E2: Associating, to the best effort, different SSBs to a given PO.
With the notations in 3), the above 2 enhancements could be formularized considering the aforementioned multiple to 1 mapping methodology as follows,

E1: 
E2: 
where  refers to the converted preamble index at most covered by a whole set of actually transmitted SSBs and the conversion takes into account the mapping ratio and the case where 

[image: ]
Figure 9.  Illustration of association enhancement 1
[image: ]
Figure 10.  Illustration of association enhancement 2, with mapping ratio 

It is noteworthy that considering a configuration wise association, E1 could be further simplified as, 

If the number of preambles are sufficient and key variables shown in Figure 9 satisfy the following equations, 


then the formula will lead to the same association pattern as the previous one.
floor(P/X)
which is much simpler relying on a ordering similar to legacy preamble ordering. 
It could be seen that by reusing the same preamble and PRU ordering method, i.e. DMRS first, frequency second, time third, the enhancements could be realized by different association formulas between the ordered indexes of preamble and PRU. This implies there is no need to further introduce SSB to PO association.
The underlying logic for the first enhancement is probable to ensure the SSB to PO association could not outreach the BS beamforming capability, which could be resolved as presented in 3). Mandatorily having SSBs TDMed association with PO may not qualify as a general constraint for the following reasons. 
1) Latency Increase 
2) Resource utilization deficiency
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Figure 11. Illustration of TDM POs associated with different SSBs
As illustrated in Figure 11, nFDMRO is 2, SSBperRO is 4 and the number of actually transmitted SSBs  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. Moreover, 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. In addition, POs of different configurations should be mandatorily restricted to have the same time domain pattern. Moreover, given the SSBperRO values could be larger than 1 anyway, restricting different SSBs should be associated with TDMed POs seems inconsistent and unnecessary. 
The following observation may be drawn accordingly,
Observation 2: Mandatorily 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.
The underlying logic for the second enhancement seems to be leveraging the spatial domain capability to enhance the multiplexing. However, there is no need to further introduce SSB to PO association to further realize this.
Proposal 8:
· Further study the pros and cons of enhancements on SSB to PO association
· SSB to PO association should be done implicitly through RO to PO association.

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 simple approach is to incorporate the preamble index in the RNTI calculation, i.e.  = RA-RNTI + RAPID.
Another 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 


Proposal 9：
· Down-select from the following for the scrambling of msgA PUSCH
· Opt 1:  = RA-RNTI + RAPID
· 
Opt 2:
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. It is possible the waveform of msgA PUSCH is different from that of msg3 in case large payload size transmission.
Proposal 10:
· The waveform for msgA PUSCH is indicated by parameter “msgA-transformPrecoder”, and if the field is absent, reuse the value as “msg3-transformPrecoder”.
Frequency hopping and repetition
Similar as 4-step RACH msg3, frequency diversity gain can be achieved by intra-slot frequency hopping. For 2-step RACH, there seems to be no impact on the PO configuration and preamble to PRU mapping if the similar PO-wise intra-slot hopping is adopted and all the POs follow the same hopping pattern which can be reused from Rel.15. 
On the other hand, repetition which could possibly enhance the PUSCH coverage will have some impact on the msgA PUSCH configurations. For example, if 1 PO spans multiple slots, the configurations of TDMed POs and number of slots needs to be re-defined. Since repetition was not supported for 4-step RACH msg3 transmission, we may need to further study the necessary to introduce repetition for msgA transmission.
Proposal 11: 
· Support intra-slot hopping for msgA PUSCH, with the hopping pattern reused from Rel.15 PUSCH.
· FFS the necessary of slot-level repetition and if needed how to support it with minimum impact on the PUSCH configurations.

Considerations of msgA for NR-U
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 12: 
· 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: 
· Adopt the following value ranges for time/frequency domain resource allocation of msgA PUSCH.
	Parameter
	value
	note

	nrMsgAPO-FDM
	{1,2,4,8}
	Same as FDMed ROs

	nrofPRBsperMsgAPO
	{1,2,3,6}
	Could be extended for RRC_CONNECTED

	MCS
	{0,3,6,9}; 
	Denoting the row index of the MCS table. Could be extended for RRC_CONNECTED

	msgAPUSCH-Periodicity
	{10,20,40,80,160} 
	PUSCH configuration period smaller than PRACH configuration period is not expected

	msgAPUSCH-timeDomainOffset
	{1,2,3,4}
	

	nrofMsgAPOperSlot
	{1,2,3,7}
	

	nrofSlotsMsgAPUSCH
	{1,2} or {1,2,3,4}
	

	guardPeriodMsgAPUSCH
	{1,2} symbols
	If this parameter is absent, no guard period between the POs is configured



Proposal 2: 
· Support up to two configurations for RRC_CONNECTED state, down-select from the following
· Opt 1: regarded as additional configuration with respect to the default configuration(s) in RRC_IDLE/INACTIVE state
· Opt 2: Overwrite the default configuration(s) in RRC_IDLE/INACTIVE state
Proposal 3:
· Validation rule for 2-step RACH occasion follows that for 4-step RACH occasion
· A 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it does not overlap with any 4-step or 2-step RACH occasions, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol
· it does not span across the slot boundary 
· it starts at least  symbols after the associated RACH occasion
· FFS other criteria
· The invalid PO will be neglected for the mapping design.
Proposals 4:
· Support 2 DMRS sequences as the starting point for CP-OFDM
· A given UE’s initializer is related to its preamble index.
· FFS larger number of DMRS sequences
· Consider preamble root index in DMRS sequence generation.
· FFS how to support multiple sequences for DFT-s-OFDM
Proposal 5:
· For separate PUSCH configuration, the following association period and starting point definition for mapping between preamble and PRU could be considered
· RACH configuration period <= PUSCH configuration period always holds   
· The duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· The association period could be alternatively set as max(PUSCH configuration period, SSB to RO association period) .
· In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration;
Proposal 6: 
· The ordering of PSUCH resource unit should be 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· DMRS indexing should prioritize DMRS ports over sequences
· DMRS port should prioritize CDM groups over OCC pattern
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
Proposals 7:
· Configurable number X of preambles (including one or multiple) mapped to one PRU, explicitly signaled within the value range {1,2,4,8}.
· Value range for CFRA can be extended.
[bookmark: _GoBack]Proposal 8:
· Further study the pros and cons of enhancements on SSB to PO association
· SSB to PO association should be done implicitly through RO to PO association.
Proposal 9：
· Down-select from the following for the scrambling of msgA PUSCH
· Opt 1:  = RA-RNTI + RAPID
· 
Opt 2:
Proposal 10:
· The waveform for msgA PUSCH is indicated by parameter “msgA-transformPrecoder”, and if the field is absent, reuse the value as “msg3-transformPrecoder”.
Proposal 11: 
· Support intra-slot hopping for msgA PUSCH, with the hopping pattern reused from Rel.15 PUSCH.
· FFS the necessary of slot-level repetition and if needed how to support it with minimum impact on the PUSCH configurations.
Proposal 12: 
· 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, #97 and #98 meetings, some agreements related to the channel structure were achieved as follows.
1 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



2 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
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