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Introduction
In the last meeting RAN1#96, the work item of two-step RACH has been kicked off. The following agreements have been achieved w.r.t. the channel structure of two-step RACH [1].
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· 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

[bookmark: _GoBack]In this contribution, we share some considerations on channel structure for two-step RACH. More specifically, mapping between preamble and PUSCH resource + DM-RS is discussed. Also some discussions on PRACH occasion and PUSCH occasion are provided. 
Discussion


Figure 1. Two-step RACH v.s. four-step RACH
Figure 1 shows the general RACH procedures for two-step RACH and four-step RACH. To achieve a faster random access, msgA in two-step RACH will carry information which is at least equivalent to preamble + Msg3 in four-step RACH. Correspondingly, msgB will convey information which at least includes RAR + Msg4 in four-step RACH. Therefore, when transmitting msgA, a UE will transmit preamble, PUSCH and DM-RS. Once the gNB has identified a preamble, it needs to know where to find PUSCH and which DM-RS port to be used for decoding PUSCH. Therefore, mapping between preamble and PUSCH + DM-RS is needed. Considering the relatively small packet size in two-step RACH, it seems to be sufficient to support single-layer transmission only. In that sense, the mapping is actually between a preamble and a tuple in the form of (PUSCH resource, DM-RS port). Here, PUSCH resource is defined as the time-frequency resource for PUSCH transmission within one msgA.


Figure 2. One-to-one mapping with one DM-RS port per PUSCH resource
To define mapping between preamble and (PUSCH resource, DM-RS port), firstly PRACH resources, PUSCH resources and DM-RS ports need to be configured, and then mapping can be built up. PRACH occasion defined in NR Rel-15 can be reused to configure PRACH resources, where one PRACH occasion can include multiple preambles. According to the agreements of RAN1#96, PUSCH occasion has been defined as the time-frequency resource for payload transmission. As a counterpart of PRACH occasion, PUSCH occasion should be able to contain multiple PUSCH resources. Also each PUSCH resource will have its associated DM-RS port(s). Figure 2 shows the concept of PUSCH resource and PUSCH occasion. Basically the relationship between PUSCH resource and PUSCH occasion is similar with that between preamble and PRACH occasion. A difference could be the way of multiplexing preambles/PUSCH resources within a PRACH/PUSCH occasion. More specifically, preambles are distinguishable by the orthogonality of sequences, and thus can be multiplexed in the code domain. However, PUSCH resources will at least be multiplexed in a FDM/TDM manner to keep the orthogonality. For example, frequency multiplexed PUSCH resources are assumed in Figure 2. Whether PUSCH resources can be multiplexed in the code domain can be further studied. 
Proposal 1: Mapping is defined between preamble and (PUSCH resource, DM-RS port). A PUSCH resource is defined as the time-frequency resource for PUSCH transmission within one msgA, and multiple PUSCH resources can be multiplexed within a PUSCH occasion.
An example of mapping is provided in Figure 2 where one preamble is mapped to one (PUSCH resource, DM-RS port). In Figure 2, if different preambles are selected for transmission, the associated PUSCH resources will not collide with each other. This type of one-to-one mapping is straight forward and it is beneficial for PUSCH decoding. Therefore, at least the type of one-to-one mapping as in Figure 2 should be supported. 


Figure 3. One-to-one mapping with two DM-RS ports per PUSCH resource
The mapping in Figure 2 requires dedicated PUSCH resource for each preamble. The reserved PUSCH resources could be large if the number of preambles is large. To save some PUSCH resource overhead, it can be considered to allow different preambles mapped onto a common PUSCH resource. Or it can be equivalently seen as that PUSCHs associated with different preambles overlap or collide with each other. Although sharing a common PUSCH resource, different preambles will be associated with different DM-RS ports. By this way, it is still possible to distinguish overlapped PUSCHs if an advance receiver (such as SIC receiver) is used at the gNB. An example is given in Figure 3 where each PUSCH resource is associated with two DM-RS ports. And each preamble is mapped onto a unique (PUSCH resource, DM-RS port). In this sense, it is still a one-to-one mapping between preamble and (PUSCH resource, DM-RS port). To balance between PUSCH collision and resource efficiency, it is reasonable to let gNB have the flexibility to use one-to-one mapping as in either Figure 2 or Figure 3.
Proposal 2: At least one-to-one mapping between preamble and (PUSCH resource, DM-RS port) should be supported. And it can be supported that one PUSCH resource is associated with more than one DM-RS port.


Figure 4. One-to-many mapping with one DM-RS port per PUSCH resource
Assuming one DM-RS port per PUSCH resource, Figure 4 provides an example of one-to-many mapping between preamble and (PUSCH resource, DM-RS port). One motivation of one-to-many mapping could be saving some preamble overhead. This is actually related to another question, i.e., whether two-step RACH and four-step RACH can share PRACH occasion and/or preambles. Since one PRACH occasion can accommodate at most 64 preambles, if two-step RACH can use all these preambles, it seems no urgent need to save preambles. However, if two-step RACH and four-step RACH share preambles within a PRACH occasion, it is more meaningful to save preambles for two-step RACH. Considering it is still FFS whether two-step RACH and four-step RACH can share preambles, one-to-many mapping between preamble and (PUSCH resource, DM-RS port) can also be further studied. 
Proposal 3: FFS whether one-to-many mapping between preamble and (PUSCH resource, DM-RS port) is supported. This may depend on whether two-step RACH and four-step RACH can share preambles.
As for many-to-one mapping between preamble and (PUSCH resource, DM-RS port), it is undesirable to have PUSCH collision even if different preambles are selected. Therefore, it seems no clear use cases to support this. If gNB has more number of preambles than that actually needed, it can just reduce the number of preambles and configure a one-to-one mapping.
[bookmark: _Ref228947482]Proposal 4: Many-to-one mapping between preamble and (PUSCH resource, DM-RS port) is not supported.

Conclusions
In this contribution, we share some views on channel structure for two-step RACH. Some design aspects on mapping between preamble and PUSCH + DM-RS are discussed. The proposals are summarized as follows.
Proposal 1: Mapping is defined between preamble and (PUSCH resource, DM-RS port). A PUSCH resource is defined as the time-frequency resource for PUSCH transmission within one msgA, and multiple PUSCH resources can be multiplexed within a PUSCH occasion. 
Proposal 2: At least one-to-one mapping between preamble and (PUSCH resource, DM-RS port) should be supported. And it can be supported that one PUSCH resource is associated with more than one DM-RS port.
Proposal 3: FFS whether one-to-many mapping between preamble and (PUSCH resource, DM-RS port) is supported. This may depend on whether two-step RACH and four-step RACH can share preambles.
Proposal 4: Many-to-one mapping between preamble and (PUSCH resource, DM-RS port) is not supported.
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