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1 [bookmark: _GoBack]Introduction
A new work item on “2-step RACH for NR” was approved in RAN#82 [1] and the objectives of this work item for physical layer are identified as follows: 
1. 2-step RACH [RAN1, RAN2]
· 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

This contribution discusses the channel structure design for 2step RACH, including the resource configuration for both RACH part and PUSCH part.
2 Resource configuration for two-step RACH
For two-step RACH, two aspects of resource configuration needs to be considered for MSG.A transmission, one is the RACH part including the PRACH occasion (denoted as 2step RO) and the preamble; the other is the PUSCH part including the time-frequency resource and the DMRS resources. In addition, how to associate the selected RACH resource and the available PUSCH resource is also an important issue to tackle. 
1 
2 
RACH resource configuration
As aforementioned, UE needs to determine the available 2step RO and the corresponding preambles. First of all, since the WID has restricted that “Only reuse the Rel-15 NR PRACH Preambles design” and “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”, there is no motivation to introduce new PRACH configuration table/entries.
Observation 1: it’s enough to reuse the current PRACH configuration table for 2step RO configuration.
In addition, given the fact that the regular PRACH resource (denoted as 4step RO, e.g., used for 4step CBRA) will be configured regardless whether 2step RACH will be there or not. Thus, the configuration for 2step RACH could be two ways: one is totally separate configuration and the other is related configuration to 4step RO. For the related configuration to 4step RO, it means the configuration of 2step RO will strive to reuse the configuration of 4step RO as much as possible and provide some necessary new updates/information. Some duplicated signaling overhead could be saved. For example, since the most trigger events for 4step RO will apply to 2step RACH, and the 2step RACH needs to support all the cell coverage as well. It’s naturally that the 2step RACH could follow 4step RACH on the configuration of preamble format, subcarrier spacing, power ramping step etc. Some additional configuration like the time-frequency location of the 2step RO compared to the 4step RO or whether allowing 2step RACH further divides the preamble group of that for 4step CBRA could be carefully studied, e.g., the 2step RO could be TDMed or FDMed to 4step RO.
Proposal 1: Part of 2step RACH configuration could reuse that of 4step RACH.
PUSCH resource configuration
Since the 2step RACH needs to support the UEs in RRC idle or inactive mode, the resource configuration of PUSCH will be broadcasted in the system information, so that it leaves limited room for very flexible configuration of PUSCH. Thus, a PUSCH resource for 2step RACH could be introduced as shown in following figure, which could include two potential parts: guard period and guard band. The guard period is used for handling the potential inter-symbol interference (ISI) since the normal CP of the OFDM symbols may not cover the RTT if it’s a relatively large cell, thus a guard period similar to preamble format might be needed. The guard band is introduced due to the similar reason to handle the potential inter-subcarrier interference (ICI) between UEs. For indication perspective, gNB needs to inform UE at least the time-frequency resource size of the PUSCH with size of potential GP or GB, e.g., the PUSCH could be 2OFDM symbols in time domain with 2 PRBs in frequency domain while the GP is 1 OFDM symbol and the GB is 1 PRB.
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Fig. 1 an illustration of PUSCH resource for 2step RACH
Proposal 2: a PUSCH resource for 2step RACH could potentially include a GP and a GB in addition to the time-frequency resource for PUSCH.
Mapping between RACH resource and PUSCH resource
One important issue to solve is the mapping between RACH resource and PUSCH resource. From the selected 2step RO, UE should be able to find the corresponding position of the PUSCH transmission. First, there should be a gap between 2step RO and the corresponding PUSCH for two reasons. One is that it usually takes some time for gNB to detect the possible transmitted preamble in the 2step RO, and it’s beneficial for gNB to know this information (which preambles are detected) so that it could know in which corresponding PUSCH there might be a real transmission. Thus gNB doesn’t need to try all the PUSCH detection and decoding. The other reason is that in case of multi-beam operation, there is a case that gNB is performing Rx beam sweeping during preamble detection, once it detects one preamble with one suitable beam, it could use the same Rx beam for the PUSCH reception. 
Observation 2: it’s beneficial for gNB to detect the preamble first before reception of the PUSCH.
Proposal 3: a gap can be considered between 2step RO and corresponding PUSCH. 
For a given 2step RO, there could be multiple preambles are available for UE to choose. If different UE selects the same RO but different preambles, it should be able to distinguish them in the PUSCH transmission. It’s inefficient to indicate the PUSCH resource for each 2step RO individually, since the PUSCH for 2step RACH should have same occupied resource, it’s enough to indicate the starting position on time-domain and frequency domain of the first PUSCH corresponding to the given 2step RO. The rest PUSCH corresponding to this 2step RO could be determined by UE via some pre-defined rules, like frequency domain consecutive mapping. There could be two ways. 
Proposal 4: a starting position in time domain and frequency domain of PUSCH could be indicated for the corresponding 2step RO. 
1) If MU-MIMO is not enabled in this case, the UE should map the preamble index to the PUSCH for 2step RACH, e.g., preamble 0 for this 2step RACH maps to the first PUSCH, preamble 1 maps to the second PUSCH, and so on. As shown in the following figure.
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Fig. 2 - illustration of mapping between preamble and PUSCH
2) If the MU-MIMO is enabled, the DMRS port index could be used to further group the preambles in the 2step RO. For example, if 12 DMRS ports are allowed in one PUSCH, we can group a 12-preamble group map to the same PUSCH but different DMRS ports (which is with different cyclic shift, OCC or Comb) as shown in the following figure. 
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Fig. 3 - illustration of mapping between preamble and PUSCH and DMRS
Proposal 5: Each preamble in a 2step RO should map to a PUSCH and a DMRS port.
Scrambling ID for PUSCH transmission 
For PUSCH transmission, it needs a scrambling ID in the bit level processing, and such ID is usually the C-RNTI or TC-RNTI in Rel-15 NR. For the idle or inactive UE, it may not have a valid C-RNTI. So which RNTI should be used as the scrambling ID is an issue to be solved. One possible solution could be using a modified version of RA-RNTI incorporate with preamble index or DMRS port index. In this case, both gNB and UE could have clearly understanding on the Tx and Rx processing, different UEs selecting different ROs/preambles will not collide on this scrambling ID.
Proposal 6: the scrambling ID for PUSCH transmission in 2step RACH Msg A could consider the modified RA-RNTI incorporate with preamble index or DMRS port index.
3 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: it’s enough to reuse the current PRACH configuration table for 2step RO configuration.
Observation 2: it’s beneficial for gNB to detect the preamble first before reception of the PUSCH.
Proposal 1: Part of 2step RACH configuration could reuse that of 4step RACH.
Proposal 2: a PUSCH resource for 2step RACH could potentially include a GP and a GB in addition to the time-frequency resource for PUSCH.
Proposal 3: a gap can be considered between 2step RO and corresponding PUSCH. 
Proposal 4: a starting position in time domain and frequency domain of PUSCH could be indicated for the corresponding 2step RO. 
Proposal 5: Each preamble in a 2step RO should map to a PUSCH and a DMRS port.
Proposal 6: the scrambling ID for PUSCH transmission in 2step RACH Msg A could consider the modified RA-RNTI incorporate with preamble index or DMRS port index.
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