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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #82 meeting, a new WI to specify 2-step RACH for NR has been approved [1], and the objectives are described as in the Appendix.
For 2-step RACH, UEs transmit MsgA to gNB during RACH procedure, and the MsgA contains two parts: PRACH preamble and PUSCH carrying payload. This contribution will mainly discuss the channel structure of MsgA, including the resource configuration of PRACH and PUSCH, the mapping between the two, as well as the transmission and reception of the two.
[bookmark: _Ref129681832]Resource Configuration for PRACH 
As mentioned in the WID, MsgA only reuse the Rel-15 NR PRACH Preambles design, which implies the PRACH resource configuration of 2-step RACH should follow the same method for 4-step RACH, i.e., defined by the combination of RACH occasions and preamble indexes. 
Then, regarding the PRACH resource configuration of 2-step RACH and 4-step RACH, there can be multiple options as shown in Figure 1. 
· Option 1 – Shared configuration: 2-step RACH and 4-step RACH share the PRACH resources, i.e., at least some preambles and/or PRACH occasions can be used for both 2-step and 4-step RACH. 
· Option 2 -  Separate configuration: 2-step RACH and 4-step RACH use separate resources 
a) Option 2-1: the PRACH resources of 2-step and 4-step RACH are separated by using different sets of PRACH preambles in the same PRACH occasion(s) 
b) Option 2-2: the PRACH resources of 2-step and 4-step RACH are separated by using separate sets of PRACH occasions.
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	(c). Option 2-2


Figure 1. Resource configuration for 2-step RACH and 4-step RACH
With Option 1, when a preamble is detected at given PRACH occasion, the gNB has no idea which type of RACH is ongoing and thus has no idea of whether there would be a PUSCH associated with the detected preamble. As a result, it has to assume 2-step RACH and perform blind detection for the potential existence of the PUSCH, which increases the receiver burden and increase the risk of misdetection/false alarm since more detection operations are performed. 
Moreover, in the case of Option 1, since gNB has no information to differentiate 2-step RACH and 4-step RACH, there could be ambiguity for the RAR window for the UE. For instance, a UE performs 4-step RACH but the gNB would have to assume it as 2-step RACH until it could judge from the blind detection resulting showing no PUSCH, which postpones the time the gNB should send the RAR message (note the RAR window starts at the first symbol of the earliest control resource set after the last symbol of the PRACH occasion). In a very worst case if the PUSCH duration is long, the UE that was sending the 4-step RACH may miss its RAR response in the RAR window due to the delay needed for blind detection of the existence of a potential PUSCH.
Observation 1: The sharing of PRACH resources between 2-step RACH and 4-step RACH leads to increased receiver complexity due to the need of blind detection of the potential existence of PUSCH, increased misdetection or false alarm rate, as well as impact on RAR window for existing 4-step RACH.
Proposal 1: Configure separate PRACH resources (separate preamble index or separate RO resource) for 2-step RACH and 4-step RACH as starting point.
Resource Configuration for PUSCH
Time/Frequency Location for PUSCH
As mentioned in the WID, PRACH and PUSCH in MsgA is TDMed. Also, the decoding of the PUSCH shall depends on the activity detection and timing offset estimation from the PRACH signals, so it is expected that the decoding of PUSCH is after the detection of PRACH.
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	(a). Full overlap
	(b). Partial overlap
	(c). No overlap


Figure 2. Frequency domain resource allocation of PRACH and PUSCH
Currently, there is no limitation on the frequency domain resource for PUSCH with respect to that for PRACH in the WID, so there could be multiple situations as illustrated in Figure 2, e.g., full overlap, partial overlap, or no overlap. Note that in the case of overlap, the preamble may be used to help improve the channel estimation, in addition to TA estimation. And in the full overlap case, the resource allocation for MsgA may be further simplified. 
The configuration of the time/frequency resource for PUSCH of MsgA includes the configuration of its location and size, which can at least have the following options.
· Option 1 – Configure the relative location of the PUSCH with respect to the PRACH resource and also the size of PUSCH.
· Option 2 – Configure the resource of the PUSCH and PRACH separately and then link them together via some pre-configured mapping rule.
Proposal 2: Further study the different options of resource configurations for PUSCH of MsgA.
MCS and Time/Frequency Resource Size for PUSCH
The configuration of MCS and time/frequency resource sizes for PUSCH is closely related to each other and also closely related to the TBS it needs to carry. 
As has been specified in the WID that the content of MsgA is equivalent to the content of Msg3 for the 4-step RACH, then in the initial access procedures in RRC_IDLE and RRC_INACTIVE state, the payload size should be either 56 or 72 bits [2]. For RRC_CONNECTED state, as discussed in [3], we may also consider 56 or 72 bits as starting point for 2-step RACH MsgA.
Proposal 3: Consider 56 and 72 bits as starting point for the payload size of 2-step RACH MsgA. 
When the TBS is defined, the MCS can be decided given configured time/frequency resource. Note that for a comparatively fixed TBS, there is no need to have too many MCS options. Some limited pre-defined or pre-configured options should be enough to serve the purpose. This is also beneficial from the signaling overhead reduction point of view.
Proposal 4: The number of supported MCS can be limited for the PUSCH of MsgA in 2-step RACH.
Mapping between PRACH and PUSCH
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	(a). Case 1: one-to-one 
mapping
	(b). Case 2: many-to-one mapping
	(c). Case 3: one-to-many mapping


Figure 3. Mapping between preambles and PUSCH resources
For 2-step RACH, the mapping between PRACH resource and PUSCH resources should be specified. It is expected that with some specified mapping, a UE can determine the specific PUSCH resource (including DMRS) when a preamble in a PRACH occasion is selected, and a gNB can identify the associated PUSCH resource when the corresponding preamble is detected. 
Define a PRACH unit as a preamble in a PRACH occasion and a PUSCH unit as the time/frequency/DMRS used for one transmission of some given payload, there are 3 possible mapping relations between PRACH unit(s) and PUSCH unit(s).
· Case 1 – One-to-one mapping: one PRACH unit is mapped with one PUSCH unit. 
· Case 2 – Many-to-one mapping: multiple PRACH units are mapped with one PUSCH unit. 
· Case 3 – One-to-many mapping: one PRACH unit is mapped with multiple PUSCH units. 
[bookmark: OLE_LINK72]Case 1 has the least ambiguity to determine the PUSCH from a detected preamble, but it demands the same number of PUSCH units as the number of PRACH units, which is more suitable when the PUSCH resource is comparable as that of PRACH resource. In the case that there is limited PUSCH resource but more PRACH resource, Case 2 may help to save some PUSCH resource. However, in this case, the collision probability will be increased since it is now bottlenecked by the number of PUSCH units instead of the PRACH units. But it may still work in the case of low activity accessing UEs. At a glance, it seems Case 3 may help to reduce the collision probability since even two UEs select the same preamble, they may be lucky to select different PUSCH units. However, the gNB has to do blind detection on all the potential PUSCH resources to determine which one has been used, which increases the receiver complexity. Also, the since only one preamble is detected, only one TA is estimated. In this case, even if two UEs could transmit with different PUSCH, at least the decoding of one of the PUSCH would be degraded due to the inaccurate TA value. Based on the above analysis, one-to-one mapping between PRACH unit and PUSCH resource unit should be the starting point.
Proposal 5: One-to-one mapping between PRACH unit (a preamble in a PRACH occasion) and PUSCH unit (time/frequency/DMRS used for one transmission of a given payload) should be the starting point for 2-step RACH.
Transmission and Reception of MsgA
Transmission of MsgA
In the transmission of MsgA, there are more detailed parameters to be configured, such as the format of the preamble, the numerology of PUSCH, the waveform, antenna ports, scrambling sequence of PUSCH, etc. The determination of these parameters may in general follow the similar method used for Msg1 and Msg3 in 4-step RACH. Specific and detailed designs can be further discussed.
Proposal 6: The transmission parameter configuration for MsgA in 2-step RACH can in general follow that for Msg1 and Msg3 in 4-step RACH as starting point if not otherwise specified.
Reception of MsgA
Though the reception of MsgA is an implementation issue at the gNB side, it is worth mentioning that in order to decode multiple UEs with potential timing offset larger than CP, multiple FFT windows and time domain successive interference cancelation are needed to have acceptable performance, as discussed in [4]. The increased complexity needs to be considered in the discussion of the application scenarios for 2-step RACH.
Proposal 7: The increased receiver complexity in order to deal with the case of timing offset larger than CP should be considered in the discussion of the application scenarios for 2-step RACH.

Conclusions
In this contribution, we discussed the channel structure for 2-step RACH. Based on the discussion, we have the following observations and proposals.
Observation 1: The sharing of PRACH resources between 2-step RACH and 4-step RACH leads to increased receiver complexity due to the need of blind detection of the potential existence of PUSCH, increased misdetection or false alarm rate, as well as impact on RAR window for existing 4-step RACH.
Proposal 1: Configure separate PRACH resources (separate preamble index or separate RO resource) for 2-step RACH and 4-step RACH as starting point.
Proposal 2: Further study the different options of resource configurations for PUSCH of MsgA.
Proposal 3: Consider 56 and 72 bits as starting point for the payload size of 2-step RACH MsgA.
Proposal 4: The number of supported MCS can be limited for the PUSCH of MsgA in 2-step RACH.
Proposal 5: One-to-one mapping between PRACH unit (a preamble in a PRACH occasion) and PUSCH unit (time/frequency/DMRS used for one transmission of a given payload) should be the starting point for 2-step RACH.
Proposal 6: The transmission parameter configuration for MsgA in 2-step RACH can in general follow that for Msg1 and Msg3 in 4-step RACH as starting point if not otherwise specified.
Proposal 7: The increased receiver complexity in order to deal with the case of timing offset larger than CP should be considered in the discussion of the application scenarios for 2-step RACH.
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Appendix - Objectives in WID
	· 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
For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)
Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported.
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