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Introduction
In RAN1#96 and 96bis 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 the resource configuration and mapping design are elaborated, with the proposals supported by the evaluation results. 
Channel structure of msgA
The following agreements and working assumption were made in RAN1#96bis. In this section, we express our further considerations on the configuration of multiple PUSCH occasions within an msgA PUSCH configuration period, as well as the mapping between preambles in each RO and PUSCH resource units.
Agreements:
One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
   o 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
   o 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.
  o Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
  o FFS one-to-multiple mapping
Companies are strongly encouraged to perform additional evaluations/analysis


PUSCH configuration with relative location
Resource configuration for PUSCH occasion(s)
Let us first focus on the opt. 2 PUSCH configuration with relative location. As illustrated in Figure 1, if the relative location of PO with respect to the associated PRACH occasion is configured, msgA PUSCH configuration period is the PRACH configuration period. In a PRACH configuration period, there could be one or multiple PRACH slot according to the PRACH configuration index defined in [Table 6.3.3.2-2 to 6.3.3.2-4, TS38.211]. Similarly, we can define a set of PUSCH groups within a PUSCH/PRACH configuration period, where each PRACH slot is associated with a PUSCH group, i.e. the association period is the period between two PRACH slots.
To reduce the complexity of configuration and signalling overhead, a single semi-statically configured time/frequency offset should be supported to indicate the relative location between each PRACH slot and the associated PUSCH group. The POs (including guard band or guard period if exist) within a PO group are consecutive in time and frequency domain. The number of frequency multiplexed POs and time multiplexed POs should be pre-configured.
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Figure 1. Resource allocation for PUSCH occasion(s) with respect to the associated RACH occasion

· Proposal 1: For opt. 2 PUSCH configuration with relative location, each PRACH slot is associated with a PO group in a PRACH configuration period.
· A single semi-statically configured time/frequency offset should be supported to indicate the relative location between each PRACH slot and the associated PUSCH group
· POs (including guard band or guard period if exist) within a PO group are consecutive in time and frequency domain 
· The number of frequency multiplexed POs and time multiplexed POs should be pre-configured.
Indication of Payload size and MCS 
It was concluded in RAN2#105bis that minimum payload sizes the msgA shall be able to support are 56 and 72 bits depending on whether short or long I-RNTI is requested by the NW from RRC_INACTIVE UEs inside the RRCResumeRequest message. For RRC_CONNECTED state, larger payload size up to X bits may be supported if more information besides UE_ID is to be transmitted in msgA PUSCH. i.e., RRC message/Buffer Status Report/HARQ-ACK, CSI report, or small UP data transmission.
For each potentially supported TBS, e.g. 72 bits, different combinations of PRB number and MCS level may be adopted for PUSCH transmission as elaborated in table 1. 
To reduce the number of configurations in non RRC_CONNECTED state, it would be desirable to support only the lowest MCS for a particular resource size and payload size. For example in Table 1, 2 bits can be used to indicate the PUSCH configuration including the MCS and resource size. 
For RRC_CONNECTED state, the indication of MCS, resource size per PO and payload size can be individually signaled via RRC messages.
Table 1. Configuration table for PUSCH occasion (assuming 1 slot duration, 1/7 DMRS overhead)
	MCS
	Num_RE
	R*Qm
	TBS
	Payload size
	PO configuration index

	MCS 0
	3PRB*120
	0.2344
	80
	72
	0

	MCS 1
	2PRB*120
	0.3066
	72
	72
	1

	MCS 2
	2PRB*120
	0.3770
	88
	72
	

	MCS 3
	2PRB*120
	0.4902
	112
	72
	

	MCS 4
	1PRB*120
	0.6016
	72
	72
	2

	
	
	
	
	
	Reserved



It would simplify the design if the size of PO within a PO group is identical, either with a fixed value or semi-statically configured value. However, in order to have more flexibility, multiple POs with different resource sizes may be needed to be associated with a RO slot.
In this case, the PO group associated with a PRACH slot should be further divided into multiple sub-groups. The configuration of PUSCH occasions within a sub-group should be identical. The number of sub-groups and the number of POs within a sub-group should be pre-configured semi-statically. The sub-group pattern within a PO group in time/frequency should be configured, either by a predefined rule (e.g. FDM, increasing order as resource size), or explicit indicated that each of the sub-group has a separte time/frequency offset respect to the PRACH slot.
· Proposal 2: The number of configurations for PO should be limited for RRC idle/inactive state
· Support identical resource size for the POs within a PO group
· Resource size, MCS, and payload size are semi-statically configured
· FFS different PO sizes within a PO group 
Mapping between preambles in each RO and associated PUSCH resource units
1) 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,  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.
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
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Figure 2.  Mapping between preambles and the associated PUSCH resource units
The ordering of preamble and PUSCH resource unit can be found in Figure 2. 
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 3. 
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 3.  Mapping order, X=2, M=4 as example, M=
· Proposal 3: Considering the following for the mapping ratio between PRACH preamble and PSUCH resource unit 
· Opt 1: by explicit configuration, i.e. a parameter denotes how many preambles can be mapped to single PUSCH resource unit.
· Opt 2: implicit derived based on the total number of preambles in a PRACH slot and the total number of PUSCH resource units in a PUSCH group
· Proposal 4: 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 within a PUSCH group
· FFS the relationship between DMRS indexes and DMRS port/sequence
PUSCH occasion(s) are separately configured 
In case the PUSCH occasions (PO) are separately configured from RACH occasions (RO), reusing the resource allocation for NR configured grant in principle is preferred. This configuration method is different from that by relative location which is reflected on the following aspects: 
Firstly, periodic POs (or PO groups) were configured firstly via SI or RRC messages (i.e. periodicity and offset, time and frequency domain resource allocation, etc.). 
Secondly, the association period between ROs (or RACH slots) and POs (or PO groups) should be defined. 
As long as the ROs and POs are associated within the defined association period, the same mapping design (e.g. mapping ratio and ordering as illustrated in Section 2.1) between PRACH preamble and PUSCH resource unit can be reused.
Consideration on the DMRS port/sequence utilization
In this section, we further discuss detailed mapping between PRACH preamble and PUSCH resource unit.  According to the agreements achieved in RAN1 #96bis meeting [3], there seems to be at least 2 alternatives for the mapping between preamble and PUSCH resource unit.
Alt 1. PUSCH resource unit encompasses both DMRS sequence and DMRS port meanwhile 1 to 1 mapping is established between the preamble and the PUSCH resource unit. Denote the number of available DMRS ports and DMRS initialization sequence of each PO as  and  respectively. The required number of POs associated with  preambles is therefore at least

For the case of no new DMRS initialization sequence beyond Rel-15 specification, . 
Alt 2. PUSCH resource unit encompasses only the DMRS port meanwhile multi to 1 mapping is established between preamble and the PUSCH resource unit. Denote the number of preambles mapped to a DMRS port (mapping ratio) as . The required number of POs associated with Q preambles is therefore at least

For the case of 1 to 1 mapping, . 
Given total available time and frequency resources for the above alternatives, each PO would occupy larger T-F resources with the decrease of  or . Consequently, the code rate (spectral efficiency) for each PO is reduced and better demodulation performance could be obtained. This seems to be among the motivations of either introducing new DMRS initialization sequences beyond Rel-15 spec. or supporting multi to 1 mapping with  between preamble and PUSCH resource unit. Moreover, if the time and frequency resource size of POs stay the same with the decrease of  or , the total PO resource overhead could be reduced. The simulations in Figure 4 shows that the PO overhead could be half cut with up to 1 dB performance degradation for 2 Rx and even less for 4Rx at operating point. Given the same PO T-F size, the same PO overhead reduction benefit could be obtained by tuning  . 
On the other hand, there exist disadvantages that may hedge the coding gain for both alternatives. For alt.1 with , sometimes even when preambles don’t collide, the UEs are likely to be differentiated by non-orthogonal PN/ZC DMRS sequences only. Channel estimation accuracy would be deteriorated compared to that in case. Likewise for alt.2 with, the PUSCH resource unit collision probability will increase compared to that in  case.
Above discussions on pros and cons account for the performance similarity of the following simulation on alt.2 with  in Figure 4. In the simulations with, preambles are associated with  DMRS ports as much as possible when the number of preambles could not evenly divide the number of DMRS ports. Normalized SNR with aligned transmit power for varying X or Ns has been used [1].
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a) 2 Rx for preamble format A1
	[image: ]
b) 4 Rx for preamble format A1



Figure 4 Link level performance comparison with varying  for total PUSCH resource overhead = 6 or 12 RBs
· Observation 1 Alt.2 with X>1 performs close to X =1 at least at operating point given the same total PUSCH resource overhead. 
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a) 2 Rx for preamble format A1
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b) 4 Rx for preamble format A1


Figure 5 Link level performance comparison of alt1 and alt2 with X = N_s 
[bookmark: _GoBack]Comparing alt.1 and alt.2 under different configurations of  and , similar performance could be observed for both alternatives given  . However, the DMRS initialization sequence introduced will cause additional inter-cell interference. Given that each PO may not occupy large number of RBs and the DMRS sequence will not be very long, the inter-cell interference may be non-negligible. One solution to combat the inter-cell interference could be to employ a hopping pattern for different cells. This may complicate the PUSCH configuration as well as the mapping design. This also indicates that potential PO overhead reduction benefit will shrink from a system perspective. 
· Observation 2: Alt.1 and Alt.2 performs similar with X=N_s at least at 10% operating point given the same total PUSCH resource overhead.
To address the above mentioned drawbacks of mapping each preamble to PUSCH resource unit including DRMS sequence. A modified solution based on alt.1 may be to establish the mapping relationship between the preamble and DMRS port only and allow UEs to randomly select from the DMRS initialization sequences. In this way, the BS will need to randomly detect the DMRS sequence. However, when preamble collision happens, since the DMRS sequences are randomly selected by different UEs. The preamble could still be leveraged together with the DMRS to estimate the channel of the collided UEs. The impact of DMRS initialization sequence on the inter-cell interference may be alleviated due to UEs randomly selecting the DMRS initialization sequence. Given above discussions, it seems unclear whether to establish a mapping relationship between the preamble and DMRS and DMRS sequence even when new DMRS initialization sequence is introduced with alt.1
· Proposal 5：Conform 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.
· At least support DMRS port as part of the PUSCH resource unit.
· Further study the necessity of introducing multiple DMRS initialization sequences 
MsgA payload transmission
1) Scrambling for msgA PUSCH
For the msg3 data transmission in legacy 4-step RACH, TC-RNTI/C-RNTI is needed for the initialization of scrambling sequence. For the 2-step RACH, especially for the msgA transmission from RRC_IDLE/RRC_inactive, TC-RNTI/C-RNTI is not available, so it is necessary to determine initiation ID to be used for the generation of scrambling sequences. 
A simple way to obtain UE-specific scrambling code (considering no preamble collision) is to use the legacy RA-RNTI plus preamble index as the initial ID.
· Proposal 6: For scrambling of msgA PUSCH, the initialization ID for generating the scrambling sequence can be obtained by RA-RNTI plus preamble index.
2) Numerology for msgA PUSCH
It is agreed that in case PRACH and PUSCH for msgA transmission in different slots, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission. 
The benefit for the case that PRACH and PUSCH in the same slot for msgA transmission should be further studied. At least for NR-U application, in order to reduce the time gap between PRACH and PUSCH and thus avoid multiple LBTs, it would be beneficial to allocate the PRACH and PUSCH in the same slot for the short preamble format (e.g. A1, B1).
If PRACH and PUSCH was configured in the same slot with no or small time gap, it is preferred to have the numerology of msgA PUSCH to be the same as both PRACH preamble and UL BWP, to facilitate both the transmitter processing for UE implementation and the receiving processing for gNB implementation. 
· Proposal 7: If PRACH and PUSCH in the same slot for msgA transmission is supported, it is preferred to be configured with the same numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission.
Conclusion
The following proposals are made:
· Proposal 1: For opt. 2 PUSCH configuration with relative location, each PRACH slot is associated with a PO group in a PRACH configuration period.
· A single semi-statically configured time/frequency offset should be supported to indicate the relative location between each PRACH slot and the associated PUSCH group
· POs (including guard band or guard period if exist) within a PO group are consecutive in time and frequency domain 
· The number of frequency multiplexed POs and time multiplexed POs should be pre-configured.
· Proposal 2: The number of configurations for PO should be limited for RRC idle/inactive state
· Support identical resource size for the POs within a PO group
· Resource size, MCS, and payload size are semi-statically configured
· FFS different PO sizes within a PO group 
· Proposal 3: Considering the following for the mapping ratio between PRACH preamble and PSUCH resource unit 
· Opt 1: by explicit configuration, i.e. a parameter denotes how many preambles can be mapped to single PUSCH resource unit.
· Opt 2: implicit derived based on the total number of preambles in a PRACH slot and the total number of PUSCH resource units in a PUSCH group
· Proposal 4: 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 within a PUSCH group
· FFS the relationship between DMRS indexes and DMRS port/sequence
· Proposal 5：Conform 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.
· At least support DMRS port as part of the PUSCH resource unit.
· Further study the necessity of introducing multiple DMRS initialization sequences 
· Proposal 6: For scrambling of msgA PUSCH, the initialization ID for generating the scrambling sequence can be obtained by RA-RNTI plus preamble index.
· Proposal 7: If PRACH and PUSCH in the same slot for msgA transmission is supported, it is preferred to be configured with the same numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission.
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Appendix
In RAN1 #96 and #96bis 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

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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