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Introduction
It is approved in WID [1] that channel structure of msgA is preamble and PUSCH carrying payload, wherein the Rel.15 NR preamble design will be reused, and the PUSCH design for payload transmission will also follow the Rel.15 NR. In this contribution, the channel structure of msgA in 2-step RACH is discussed, including radio resources of payload, mapping between PRACH preamble and PUSCH resources including physical resources and DMRS, as well as supported payload size and MCS. 
Channel structure for msgA
Radio resources of preamble and payload
In the existing 4-step RACH process, the resources for preamble transmission is determined, i.e. preamble format and periodic RO (Random-access Occasion) are defined based on the Table 6.3.3.2-2/3/4 in TS 38.211, and the detailed time-frequency resources within each RO are defined based on the higher-layer parameter msg1-FrequencyStart. With the SS RSRP measurement, the UE would choose a RO for preamble transmission mapped to the suitable SSB. The preamble to be transmitted on the RO is further selected randomly from a certain preamble pool. The radio resources of a PRACH preamble therefore consists of 
· code domain resource (i.e. the preamble)
· time domain resource (i.e. the subframe/the time slot in which the preamble is transmitted)
· frequency domain resource (i.e. the frequency location of the preamble)
For 2-step RACH, an additional payload will be transmitted in msgA for the first step, which includes at least the equivalent content of msg3 in 4-step RACH. The time-frequency resource of payload hence needs to be defined. Similar to RACH occasion, the pre-allocated PUSCH resource for payload can be made periodically, named as PUSCH occasion (PO). In practice, it may not be necessary to allow full flexibility of PUSCH resource allocated for the payload in msgA. For example, one-to-one association can be assumed between RO and PO, and thus the periodicity of RO and PO can be set as the same. In that case the resource allocation of RO can be simplified by defining a mapping rule between the RO and PO, as illustrated in Figure 1, where  and   are the time offset and frequency offset between the start point of PO and the corresponding RO.
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Figure 1. The time-frequency resource of payload

The time and frequency domain offsets, i.e.,  or  could be defined and broadcasted in the SIB message. The offset(s) could also be made preamble sequence dependent, e.g. if further grouping of PUSCH resources in each PO is applied as mentioned in Section 2.2. An additional term, i.e.,  could be added based on FDM/TDM of inter-UE multiplexing on the PUSCH resources.
· Consideration on the time domain offset
[bookmark: _GoBack]The configurable range of time domain offset should be carefully determined. For one thing, in order to reduce the latency of 2-step RACH, it is preferred to have preamble and payload transmitted back-to-back in msgA. However, in practical a gap should be reserved between preamble and payload, in order to facilitate the UE implementation, especially when the numerology or power of payload is different from that of preamble.  In addition, it has been agreed in Rel.15 that the PRACH and PUSCH of the same UE cannot be transmitted in the same slot. So, the configuration of the gap should also take into account this constraint. The time domain offset should be configurable also according to different slot format in case of TDD. Meanwhile, for the 2-step RACH application in NR-U, the gap between PRACH and PUSCH should be as short as enough in order to avoid the need of multiple LBT (since any gap larger than 16 µs will need additional LBT step).  
· Consideration on the frequency domain offset and the bandwidth of the payload
It would be preferable to make the frequency domain offset configurable. 
Since the preamble can be also regarded as a kind of reference signal, from the performance wise it would be beneficial to allocate the same frequency resources to both preamble and payload, so as to enhance the channel estimation based on both the preamble and DMRS in payload. This would be beneficial especially when the collision probability of DMRS is non-negligible due to the limited number of DMRS ports.
However, there could be some restriction since all the PRACH configurations defined in 4-step RACH are intended to be supported in 2-step RACH. For example, for the PRACH configuration index 27 for FR1 and paired spectrum, all the slots within a subframe are reserved for the preamble transmission, there is no way to allocate the payload and preamble as TDMed in the same frequency band. 
Proposal 1: The association of the time-frequency resources between preamble and payload should be defined.
· Configurable time/frequency domain offset between each RO and PO should be supported.
· The determination of the offset value(s) should take into account the UE capability, flexibility, latency, etc.

Resource mapping in one PUSCH occasion
In 4-step RACH where the resource of msg3 is allocated by gNB, it is likely that multiple UEs transmitting in the same RO will be assigned with orthogonal time-frequency resources. While for contention-based 2-step RACH, the PUSCH resources of payload in msgA are preconfigured, and multiple UEs transmitted in the same RO will share the PUSCH resources. It would be beneficial to minimize the interferences (especially the DMRS collision) among the UEs selected different preamble sequences. Therefore, the PUSCH resources in an occasion can be further split into multiple groups and each group is mapped to a set of preamble sequences, as depicted in Figure 2(a). Furthermore the preamble index within each group can be mapped to a DMRS port, as illustrated in Figure 2(b).
The number of groups will impact the interference level, which can be made configurable based on the payload size, traffic load, and receiver capability. And the number of PRBs in a group can be determined by the payload size and supported MCS.
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(a) mapping between preamble and physical resource         (b) mapping between preamble and DMRS
Figure 2.  Resource mapping in a payload occasion
Proposal 2: Multiple groups of PUSCH resource in one occasion can be supported.
· Mapping rule between preamble (group) and resource (group) should be defined.
· Mapping rule between preamble index within each group and DMRS port should be defined.

Payload size and supported MCS
The payload in msgA for 2-step RACH should include the content of msg3 in 4-step RACH. Currently in Rel.15, there are two TB sizes (56 and 72 bits) defined for msg3 carrying the CCCH message. For the msgA transmission in 2-step RACH, it is up to RAN2 decision whether more contents besides CCCH message to be carried in the payload. Before that we can leave the configuration of payload size and MCS more flexible, and assume the same TBS=56 or 72 bits as the starting point for the analysis of number of PRBs and MCS level required for msgA transmission. 
The supported TBS can be calculated based on the available PRB number (assuming one slot) and MCS level, as presented in Table 1. It can be found that 56 bits can be supported by using 2 PRBs for MCS level < 2, and for MCS level > 2, 1 PRB is enough for carrying the payload size.
Larger payload size can be supported by allocating more resources or by increasing the MCS levels. Once the content is determined, further down-selection of the configurations can be considered.
Table 1. TBS for different combinations of PRB number and MCS level
	PRB
	TBS for MCS0
	TBS for MCS1
	TBS for MCS2
	TBS for MCS3
	TBS for MCS4

	1
	32
	40
	48
	64
	80

	2
	64
	88
	104
	136
	168

	3
	96
	128
	160
	208
	256

	4
	128
	176
	224
	288
	352

	5
	168
	224
	272
	352
	432

	6
	208
	272
	320
	432
	528



Proposal 3: Configurable number of PRBs and MCS level for payload transmission should be supported. Further downselection of configurations can be considered once the exact msgA content is decided.
Conclusion
Proposal 1: The association of the time-frequency resources between preamble and payload should be defined.
· Configurable time/frequency domain offset between each RO and PO should be supported.
· The determination of the value(s) of offset should take into account the UE capability, flexibility, latency, etc.
Proposal 2: Multiple groups of PUSCH resource in one occasion can be supported.
· Mapping rule between preamble (group) and resource (group) should be defined.
· Mapping rule between preamble index within each group and DMRS port should be defined.
Proposal 3: Configurable number of PRBs and MCS level for payload transmission should be supported. Further downselection of configurations can be considered once the exact msgA content is decided.

References
[1] [bookmark: _Ref534726084]RP-182894, “New work item: 2-step RACH for NR”, ZTE Corporation, Sanechips, 3GPP RN#89, Sorrento, Italy, December 2018.



1
image1.png
RACH occasions

i msgA transmission
! (preamble + payload)

s

PUSCH occasions





image2.png
Preamble
group) 1
Preamble
group) 2

Resource





image3.png
b}
<
o
<]
H

Preamble index 2

Preamble index X





