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Introduction
In the meeting RAN1#96b, the following agreement and working assumption have been achieved w.r.t. the mapping between preambles and PUSCH resource units (PRUs) for two-step RACH [1].
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

In the last meeting RAN1#97, no further agreement was achieved for the mapping between preambles and PRUs. Only the following proposals were captured in the chairman’s notes [2].
Proposals:
· For the definition of PRU, support both DMRS ports and (working assumption) DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· FFS the maximum number of sequences
· 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

In this contribution, we share some considerations on the channel structure for two-step RACH. More specifically, the mapping between preambles and PUSCH resource units is further discussed. 

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 respectively. 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, the mapping between a 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. 


Figure 2. One-to-one mapping with single DM-RS port per PUSCH occasion

According to the agreements, the PUSCH resource unit has been defined as the combination of the PUSCH occasion and the DM-RS port (or DM-RS sequence). More specifically, a PUSCH resource unit can be seen as a tuple of (PUSCH occasion, DM-RS port). If one PUSCH occasion is associated with multiple DM-RS ports, it will correspond to multiple PUSCH resource units. Based on that, the mapping is further defined between preambles and PUSCH resource units. 
Figure 2 shows an example of the mapping between preambles and PUSCH resource units where one preamble is mapped to one PUSCH resource unit, i.e., one-to-one mapping. In Figure 2, if different preambles are selected for transmission, the associated PUSCH resource units will not overlap with each other in either the time-frequency domain or the DM-RS port domain. Due to no collisions, it is beneficial for PUSCH decoding. 


Figure 3. One-to-one mapping with two DM-RS ports per PUSCH occasion

The one-to-one mapping in Figure 2 requires non-overlapped PUSCH occasions to be reserved for the associated preambles. The reserved PUSCH resources could be large if the number of the preambles is large. To save some PUSCH overhead, it can be considered to map different preambles onto the same PUSCH occasion as shown in Figure 3. Equivalently, it can be seen as that PUSCHs associated with different preambles overlap or collide with each other in the time-frequency domain. Although sharing a common PUSCH occasion, different preambles will be associated with different DM-RS ports. By this way, it is still possible to distinguish and decode overlapped PUSCHs if an advance receiver (such as SIC receiver) is used at the gNB. An example is shown in Figure 3 where each PUSCH occasion is associated with two DM-RS ports. According to the definition of the PUSCH resource unit, each preamble is actually mapped onto a unique PUSCH resource unit in Figure 3. In this sense, it is still a one-to-one mapping between preambles and PUSCH resource units. To balance between PUSCH collision and PUSCH overhead, the gNB should be provided with the flexibility to use one-to-one mapping as in either Figure 2 or Figure 3.
Proposal 1: Confirm the working assumption on the support of one-to-one mapping between a preamble and a PUSCH resource unit. To save PUSCH overhead, it should be supported that different PUSCH resource units share the same PUSCH occasion but are associated with different DM-RS ports.



Figure 4. Multiple-to-one mapping with single DM-RS port per PUSCH occasion

One example is given in Figure 4 to show the multiple-to-one mapping between preambles and PUSCH resource units. In this case, even if UEs select different preambles, they may still end up with using the same PUSCH occasion and the same DM-RS port, i.e., overlapping in both the time-frequency domain and the DM-RS port domain. Probably, the DM-RS collided UEs can be distinguished and decoded if the timing of the preambles are different and the PRACH occasion and its associated PUSCH resource unit have an overlapping part in the frequency domain. Anyway an advanced receiver will be required at the gNB side. With less PUSCH resources reserved, the benefit of saving PUSCH overhead can be achieved. When configuring a multiple-to-one mapping, the intension should be to support UEs with a larger number than that of the PUSCH resource units. Otherwise, using a one-to-one mapping will be sufficient. For example, if the multiple-to-one mapping is defined by associating 4 preambles with 2 PUSCH resource units, it should be intended to be used to support 4 UEs accessing simultaneously. Otherwise, if the intension is to support 2 UEs at most, we can just define a one-to-one mapping by associating 2 preambles with 2 PUSCH resource units. 
Proposal 2: Multiple-to-one mapping can be considered only when intending to support a UE number larger than the number of PUSCH resource units. Whether to support it should be subject to the evaluation results including at least a case where the number of UEs is assumed to be larger than the number of PUSCH resource units.



Figure 5. One-to-multiple mapping with single DM-RS port per PUSCH occasion

Assuming one DM-RS port per PUSCH occasion, Figure 4 provides an example for the one-to-multiple mapping between preambles and PUSCH resource units. One motivation to support the one-to-multiple mapping could be saving some preamble overhead. In the RAN1#96bis meeting, it has been agreed that separate PRACH occasions can be configured for two-step and four-step RACH. Since one PRACH occasion can accommodate at most 64 preambles, if two-step RACH can use all these preambles, it seems that there is no urgent need to save preambles. According to the agreements of the RAN1#96b meeting, two-step RACH and four-step RACH can also share a PRACH occasion but use separate preambles. At least in this case, it is more meaningful to use the one-to-multiple mapping. By this way, a larger number of UEs can be supported even if the number of preambles is limited for two-step RACH. One issue to be considered is that the gNB has to perform blind decoding for PUSCHs once a preamble has been identified. Another issue is that the gNB cannot obtain separate TA values for UEs if they choose the same preamble but different PUSCH resource units.
Proposal 3: When the number of preambles available for two-step RACH is limited, e.g. two-step RACH and four-step RACH share preambles in a PRACH occasion, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles. Whether to support it should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 
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Conclusions
In this contribution, we share some views on the channel structure for two-step RACH. Some design aspects on the mapping between preambles and PUSCH resource units are discussed. The proposals are summarized as follows.
Proposal 1: Confirm the working assumption on the support of one-to-one mapping between a preamble and a PUSCH resource unit. To save PUSCH overhead, it should be supported that different PUSCH resource units share the same PUSCH occasion but are associated with different DM-RS ports.
Proposal 2: Multiple-to-one mapping can be considered only when intending to support a UE number larger than the number of PUSCH resource units. Whether to support it should be subject to the evaluation results including at least a case where the number of UEs is assumed to be larger than the number of PUSCH resource units.
Proposal 3: When the number of preambles available for two-step RACH is limited, e.g. two-step RACH and four-step RACH share preambles in a PRACH occasion, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles. Whether to support it should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 
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