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In NR two-step RACH WID, the following objectives have been identified [1]:
2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
2-step RACH is applicable to any cell size supported in Rel-15 NR;
2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
Specify contention-based 2-step RACH procedure (RAN2)
Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
Contention resolution for 2-step RACH (RAN2)
Design of RNTI for msgB of 2-step RACH (RAN2)
Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 
In the contribution, we discuss channel structure for 2-step RACH, with primary focus on MsgA PUSCH configuration, time and frequency resource size of MsgA PUSCH and association between PRACH and MsgA PUSCH. Our view on 2-step RACH related procedure is described in our companion contribution [2].
MsgA PUSCH configuration
In the first step of 2-step RACH, UE transmits the PRACH preamble and associated MsgA PUSCH on a configured time and frequency resource. In this section, we discuss the configuration of MsgA PUSCH transmission, including numerology, waveform, time/frequency domain resource allocation, Tx beam, DMRS configurations and scrambling operation. 
Numerology and waveform
Similar to Msg3 in 4-step RACH, numerology of MsgA PUSCH transmission should follow the configuration in initial UL BWP or active UL BWP. However, certain restriction on subcarrier spacing combination of PRACH preamble and MsgA PUSCH may be applied for 2-step RACH. For instance, it may not be reasonable to assume that PRACH with 1.25kHz subcarrier spacing is associated with MsgA PUSCH with 60kHz subcarrier spacing, given the fact that large guard period may need to be reserved for the transmission of MsgA PUSCH for UEs without uplink synchronization.  
Regarding waveform of MsgA PUSCH, either CP-OFDM or DFT-s-OFDM waveform can be employed. Similar to Msg3 in 4-step RACH, msg3-transformPrecoder configured in RACH-ConfigCommon can be reused for the waveform of MsgA PUSCH for 2-step RACH.
Proposal 1
· Numerology of MsgA PUSCH transmission follows the configuration in initial or active UL BWP.
· FFS restriction on subcarrier spacing combination of PRACH preamble and MsgA PUSCH for 2-step RACH.
· Waveform of MsgA PUSCH follows that of Msg3 PUSCH. 

Time domain resource allocation
In Rel-15 NR, PUSCH mapping type, K2, starting symbol and length are defined for time domain resource allocation of PUSCH transmission. In case when time domain resource allocation is not configured by higher layers, a default table with 16 entries as defined in the specification is applied. For Msg.3 transmission in 4-step RACH, a 4-bit field in UL grant in RAR is used to indicate time domain resource allocation. 
For MsgA PUSCH in 2-step RACH, PUSCH mapping type, starting symbol and length can be considered as part of resource allocation in time domain. However, given that dynamic scheduling is not applied for MsgA PUSCH transmission, K2 is not needed. It should be noted that periodicity of MsgA PUSCH resource can also be configured by RMSI. To reduce resource overhead and hence improve system level spectrum efficiency, it is expected that a longer periodicity may be configured for the transmission of MsgA PUSCH. 
According to WID scope, PRACH preamble and MsgA PUSCH are multiplexed in a TDM manner [1]. In this case, a timing offset on a slot level between PRACH preamble and associated MsgA PUSCH transmission may need to be defined, especially for TDD system. More specifically, when semi-static TDD DL UL configuration is configured, it is likely that next slot after PRACH preamble is for DL slot, which cannot be allocated for associated MsgA PUSCH transmission in the first step of 2-step RACH. In this case, a slot offset is needed for MsgA PUSCH to be configured in the UL symbols or slots. 
Proposal 2
· Time domain resource allocation of MsgA PUSCH includes PUSCH mapping type, starting symbol and length, periodicity and slot offset between PRACH and associated MsgA PUSCH.  

For UEs without uplink synchronization, same TA, i.e., TA = 0, used for the transmission of PRACH preamble can be applied for MsgA PUSCH transmission. This would allow gNB to first estimate the TA based on PRACH preamble and subsequently apply the estimated TA for MsgA PUSCH decoding. Note that when TA = 0 is applied for the transmission of MsgA PUSCH, depending on configured PRACH format, certain guard period needs to be reserved at the end of MsgA PUSCH transmission to avoid inter-symbol interference to other UL transmission. 
Figure 1 illustrates guard period reserved for MsgA PUSCH transmission. In the figure, it can be observed that for cell edge UEs, guard period is needed so as to ensure MsgA PUSCH transmission within slot boundary. This can be realized by configuring a shorter duration of MsgA PUSCH transmission by taking into account the guard period, i.e., MsgA PUSCH transmission is not across slot boundary. Alternatively, UE may determine the transmission duration of MsgA PUSCH based on configured length and guard period.  
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[bookmark: _Ref536864905]Figure 1. Guard period reserved for MsgA PUSCH
Proposal 3
· Same TA is applied for the transmission of PRACH preamble and MsgA PUSCH.
· Guard period needs to be reserved for MsgA PUSCH transmission.   

For some PRACH formats, e.g., format 2, repetition is applied for the transmission of PRACH preamble, which is mainly employed for coverage enhancement. In order to match the coverage level of PRACH, it may be more desirable to consider repetition for MsgA PUSCH transmission. In particular, the repetition level can be configured as part of MsgA PUSCH configuration. 
Proposal 4
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH format. 

Frequency domain resource allocation
For frequency domain resource allocation of MsgA PUSCH transmission, similar to the RAR UL grant of scheduling Msg3 in 4-step RACH, indication on whether frequency hopping is enabled/disabled, and starting PRB and length of PRBs can be configured by RMSI. To provide full flexibility of resource allocation of MsgA PUSCH, an 18-bit field using resource allocation type 1 may be considered. In addition, in case when intra-slot frequency hopping is enabled, frequency offset may be explicitly configured, which allows gNB to flexibly allocate the resource for transmission of other UL signals/channels in the network. 
In case when payload size carried by MsgA PUSCH is relatively small, it may be more desirable to allocate the MsgA PUSCH transmission within associated PRACH transmission BW, which may help save signaling overhead of frequency domain resource allocation and potentially reduce receiver complexity. As described in Section 3, when 56 bits payload is carried by MsgA PUSCH, the number of PRBs can be relatively small, e.g., 1, 2 or 3 PRBs with appropriate MCS, which may fit into PRACH transmission BW. In this case, only a few bits are needed to indicate the MsgA PUSCH resource in frequency. 
Proposal 5
· Frequency domain resource allocation of MsgA PUSCH includes enabling/disabling frequency hopping, starting PRB and length of PRBs and frequency offset if frequency hopping is enabled. 

Tx beam
It is straightforward that the same Tx beam for the transmission of PRACH preamble and MsgA PUSCH should be applied for FR2. In particular, PRACH and MsgA PUSCH in the first step of 2-step RACH are associated with a same SSB or CSI-RS resource if configured. For instance, in case of initial access, gNB can apply the same beam for PRACH detection and MsgA PUSCH decoding. 
Proposal 6
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 

DMRS configuration
For RRC_CONNECTED UEs, contention based 2-step RACH may be employed for the purpose of scheduling request, where MsgA PUSCH may carry BSR information for uplink data packet. In this case, given that uplink synchronization is achieved, same PUSCH resource may be allocated for multiple UEs so as to increase overall capacity of MsgA in 2-step RACH if advanced receiver is employed at gNB side. 
Towards this end, multiple DMRS APs can be defined for MsgA PUSCH transmission, which allows gNB to estimate the channel from different UEs when multiple UEs transmit the MsgA PUSCH in the shared physical resource. To reduce potential collision of DMRS APs and hence improve channel estimation performance, PRACH preamble sequence index may be linked to the DMRS AP. After successful detecting the PRACH preamble, gNB may derive the DMRS APs accordingly, subsequently estimate the channel and decode the MsgA PUSCH. 
Proposal 7
· Multiple DMRS APs can be defined for MsgA PUSCH transmission.

Scrambling 
In NR Rel-15, initialization seed for scrambling sequence generation for PUSCH transmission is defined as 

where  is the RNTI associated with PUSCH transmission, which corresponds to C-RNTI or TC-RNTI. 
For RRC_IDLE UEs, TC-RNTI or C-RNTI is not available when initiating 2-step RACH procedure. In this case, RA-RNTI for the associated PRACH transmission can be employed for initialization of scrambling sequence for MsgA PUSCH. This may be beneficial for interference randomization, especially for case when multiple RACH occasions are associated with one MsgA PUSCH resource. 
Proposal 8
· RA-RNTI for associated PRACH transmission is applied for initialization of scrambling sequence for MsgA PUSCH.

Time and frequency resource size of MsgA PUSCH 
In this section, we discuss candidate time and frequency resource size of MsgA PUSCH transmission. Note that total number of REs can be determined based on payload size and MCS. Further, assuming the length of MsgA PUSCH transmission as defined in the default time resource allocation table [3], and considering the number of DMRS symbols with default configuration, number of PRBs for MsgA PUSCH transmission can be derived accordingly. 
In the analysis, it was assumed that 
· Payload size carried by MsgA PUSCH is based on TB size threshold for contention based RA preamble of group A [4]. Note that it is assumed 56, 480 and 1032 payload bits in the analysis. 
· MCS is derived from first 16 entries of MCS table in Table 5.1.3.1-1 [3], similar to Msg3 PUSCH transmission with CP-OFDM waveform.
· Number of symbols for MsgA PUSCH is assumed as {8, 10, 12, 14}, which is selected from Table 6.1.2.1.1-2 [3].
[bookmark: _GoBack]Figure 2 illustrates upper bound on the number of PRBs for MsgA PUSCH transmission for various combinations of payload sizes, number of symbols and MCS index. 
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[bookmark: _Ref1039979][bookmark: _Ref1039975]Figure 2. Upper bound on number of PRBs for MsgA PUSCH transmission

Table 1 illustrates candidate MCS indexes and number of PRBs which can derive payload sizes of 56, 480 and 1032 bits for MsgA PUSCH transmission. In the table, it is assumed the number of symbols as 8, 10, 12 and 14. From the figures and table, it can be observed that when carrying relatively small payload, the number of PRBs allocated for transmission of MsgA PUSCH can be limited with appropriate MCS. However, when MsgA PUSCH is used to carry relatively large payload, e.g., data packet, the number of RPBs can be large with small MCS index. 

[bookmark: _Ref1041417][bookmark: _Ref1041414]Table 1. Candidate MCS indexes and number of PRBs for MsgA PUSCH transmission
	Number of symbols
	Payload = 56 bits
	Payload = 480 bits
	Payload = 1032 bits

	
	MCS 
indexes
	Number of PRBs
	MCS indexes
	Number of PRBs
	MCS 
indexes
	Number of PRBs

	8
	[0 2 5]
	[3 2 1]
	[0 1 2 3 4 5 9 10 14]
	[28 21 17 13 11 9 5 5 3]
	[0 1 2 3 4 5 6 8]
	[59 45 37 28 23 19 16 12]

	10
	[1 4]
	[2 1]
	[0 1 2]
	[24 18 15]
	[0 1 2 3 4 5 6 8 9 10 11 12 15]
	[50 39 32 24 20 16 14 10 9 9 8 7 5]

	12
	[0 3]
	[2 1]
	[1 3 5 6 11 14]
	[14 9 6 5 3 2]
	[0 1 2 3 7 8 9 10]
	[39 30 25 19 9 8 7 7]

	14
	[2]
	[1]
	[0 4 6 8]
	[15 6 4 3]
	[0 1 2 13]
	[32 25 20 4]



To reduce the potential resource overhead for MsgA PUSCH and hence improve system level spectrum efficiency, it is more desirable to assign MsgA PUSCH transmission carrying relatively large payload with high MCS index, which can be mainly targeted for cell center UEs with good channel condition. In this case, the number of PRBs allocated for MsgA PUSCH transmission can be relatively small. 
Observation 1
· When carrying relatively small payload, the number of PRBs allocated for transmission of MsgA PUSCH can be limited with appropriate MCS.
· When carrying relatively large payload, it is more desirable to assign MsgA PUSCH transmission with high MCS index, which can be targeted for cell center UEs with good channel condition. 

Association between PRACH and MsgA PUSCH
Similar to Group A and B for conventional 4-step RACH procedure, different MsgA PUSCH resources may be configured for 2-step RACH and can be targeted for different applications and use cases. This may also depend on UE coverage status in the network. As mentioned above, for cell edge UE, it may be more desirable to assign MsgA PUSCH with small number of PRBs and MsgA PUSCH can be used to carry relatively small payload size due to the coverage limitation. On the other hand, for cell center UE with good channel condition, it may be possible for MsgA PUSCH to carry relatively large payload for 2-step RACH, e.g., user data packet. 
Towards this end, an MsgA PUSCH resource set may be defined, which consists of multiple MsgA PUSCH resources. For each MsgA PUSCH resource, the following parameters may be configured:
· An MsgA PUSCH resource ID
· Time/frequency resource allocation
· MCS
· Power control related parameters
· Association with PRACH transmission
The MsgA PUSCH resource ID may be associated with one or more PRACH resource subsets, where each PRACH resource subset can consist of one or more PRACH occasions and a set of PRACH preamble sequences. Further, association between PRACH resource set and MsgA PUSCH resource may be defined as many to one, one to one and one to many mapping, as shown in Figure 3. In particular, 
· Many to one association: more than one PRACH resource subsets are associated with one MsgA PUSCH resource. 
· One to one association: one PRACH resource subset is associated with one MsgA PUSCH resource. 
· One to many association: one PRACH resource subset is associated with more than one MsgA PUSCH resources. 
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[bookmark: _Ref1038982][bookmark: _Ref1043411]Figure 3. PRACH and MsgA PUSCH association
[bookmark: _Ref528830815]

Proposal 9
· An MsgA PUSCH resource set is defined, which consists of multiple MsgA PUSCH resources. For each MsgA PUSCH resource, the following parameters are configured.
· An MsgA PUSCH resource ID, time/frequency resource allocation, MCS, power related parameters, association with PRACH resource subset.
· Association between PRACH resource set and MsgA PUSCH resource can be defined as many to one, one to one and one to many mapping.   

Conclusions
In this contribution, we discussed channel structure for 2-step RACH, with primary focus on MsgA PUSCH configuration, time and frequency resource size of MsgA PUSCH and association between PRACH and MsgA PUSCH. Further, we summarize the observations and proposals as follows:
Observation 1
· When carrying relatively small payload, the number of PRBs allocated for transmission of MsgA PUSCH can be limited with appropriate MCS.
· When carrying relatively large payload, it is more desirable to assign MsgA PUSCH transmission with high MCS index, which can be targeted for cell center UEs with good channel condition. 
Proposal 1
· Numerology of MsgA PUSCH transmission follows the configuration in initial or active UL BWP.
· FFS restriction on subcarrier spacing combination of PRACH preamble and MsgA PUSCH for 2-step RACH.
· Waveform of MsgA PUSCH follows that of Msg3 PUSCH. 
Proposal 2
· Time domain resource allocation of MsgA PUSCH includes PUSCH mapping type, starting symbol and length, periodicity and slot offset between PRACH and associated MsgA PUSCH.  
Proposal 3
· Same TA is applied for the transmission of PRACH preamble and MsgA PUSCH.
· Guard period needs to be reserved for MsgA PUSCH transmission.   
Proposal 4
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH format. 
Proposal 5
· Frequency domain resource allocation of MsgA PUSCH includes enabling/disabling frequency hopping, starting PRB and length of PRBs and frequency offset if frequency hopping is enabled. 
Proposal 6
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
Proposal 7
· Multiple DMRS APs can be defined for MsgA PUSCH transmission.
Proposal 8
· RA-RNTI for associated PRACH transmission is applied for initialization of scrambling sequence for MsgA PUSCH.
Proposal 9
· An MsgA PUSCH resource set is defined, which consists of multiple MsgA PUSCH resources. For each MsgA PUSCH resource, the following parameters are configured.
· An MsgA PUSCH resource ID, time/frequency resource allocation, MCS, power related parameters, association with PRACH resource subset.
· Association between PRACH resource set and MsgA PUSCH resource may be defined as many to one, one to one and one to many mapping.   
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