3GPP TSG RAN WG1 Meeting #96bis
R1-1905205
Xi’an, People's Republic of China, 8th April – 12th April, 2019
Source:
KDDI
Title:
Discussion on channel structure for two-step RACH
Agenda Item:
7.2.1.1
Document for: 
Discussion and decision
1. Introduction
In RAN1 meeting #96, channel structure for 2-step RACH was discussed and the following agreements were made [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


In this contribution, we share our views on the mapping between PRACH preamble and PUSCH time-frequency resource and DMRS in msgA.
2. Mapping between PRACH preamble and PUSCH resource of msgA

In PUSCH occasion for 2-step RACH, if each UE randomly selects a PUSCH resource from the PUSCH occasion, collision between PUSCHs with the same DMRS port from different UEs occurs with some probability and gNB cannot decode each PUSCH without NOMA functionality, which is not in the scope of this WI. Consequently, the UEs do not receive msgB and hence require to re-transmit msgA or to fall back to 4-step RACH even if the PRACH preamble in the msgA is detected at gNB side. This may reduce benefit of the 2-step RACH that is supposed to shorten time required for random access. In addition, gNB requires blind decoding of PUSCH resources, of which search space is proportional to the number of PUSCH resources among a PUSCH occasion, associated to all UEs of which preambles are detected.
In order to alleviate the collision and to avoid the blind decoding of the PUSCH, one solution is to configure a mapping from a preamble to a unique PUSCH resource in the PUSCH occasion. Figure 1 shows an example of the resource mapping. In this example, a time and frequency resource for msgA PUSCH corresponds to each preamble uniquely, which means the one-to-one mapping. With this mapping, a UE supposing to transmit msgA selects a preamble, and could transmit it with msgA PUSCH at the corresponding resource. Once gNB detects the preamble, it identifies corresponding PUSCH resource which can be decoded uniquely. With such procedure, the collision can be avoided unless several UEs select the same preamble at the same time. In addition, the blind decoding of msgA PUSCH is not required. It is noteworthy that DMRS port of each transmission should be included in the mapping table for gNB to decode the PUSCH.
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Figure 1:
Example of preamble to Msg A PUSCH resource mapping
Proposal 1: A preamble is mapped to a unique msgA PUSCH resource to alleviate the occurrence of collision and to reduce complexity of blind decoding at gNB side.
If the msgA PUSCH time and frequency resource is uniquely configured for each msgA preamble, the number of time-frequency resources for msgA PUSCH among a PUSCH occasion may become large. For reduction of the number of time-frequency resources among the PUSCH occasion, possibility to employ spatial inter-UE multiplexing, that is uplink multiuser MIMO, of msgA PUSCH should also be discussed. Figure 2 shows an example of PUSCH resource mapping with spatial inter-UE multiplexing. For this purpose, the mapping from preambles to resource positions should include the same time and frequency resource with different DMRS port. With this mapping, if the PUSCH resources corresponding to some preambles are overlapped in a time and frequency domain, the gNB could detect them separately by multiuser detection with independent DMRS channel estimation.
Proposal 2:  msgA PUSCHs can be spatially multiplexed by allocating the same time and frequency resource with different DMRS ports for efficient resource utilization.
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Figure 2:
Example of preamble to Msg A PUSCH resource mapping including spatial resource

3. Conclusion
In this contribution, we discussed mapping between a PRACH preamble to a PUSCH resource for msgA transmission. Based on the discussion, our views are summarized as follows:
Proposal 1: A preamble is mapped to a unique msgA PUSCH resource to alleviate the occurrence of collision and to reduce complexity of blind decoding at gNB side.
Proposal 2:  msgA PUSCHs can be spatially multiplexed by allocating the same time and frequency resource with different DMRS ports for efficient resource utilization.
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