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1. Introduction
In last RAN1 meeting, following agreements on channel structure for 2-step RACH had been achieved [1]:
	R1-1907830
Agreements:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH



2. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Discussion
2.1 Configuration and mapping type of msgA PUSCH
In last RAN1 meeting, common and specific parameters for both opiton1 (a.k.a, separate configuration) and option 2 (a.k.a, relative configuration) had been discussed. Generally, both options can achieve the same functionality with particular design. For the sake of simplicity, we prefer to support only a single configuration method in the specification. 
In our consideration, option 2 would be a better choice for configuring PUSCH occasion (PO). First, in practical deployment, it is more likely for gNB to schedule a PO close to the associated RACH occasion (RO) to restrict the whole transmission time of msgA, e.g., a few symbols after the RO or the slot next to the RACH slot. Indicating a relative time domain location as option 2 would consume less signaling overhead. Second, the association between PO and RO/SSB could be implicitly indicated via the relative configuration. There is no need to introduce an additional signaling to indicate the association as option 1 does. Considering the case when short preambles is applied in FR2, multiple ROs exist within a RACH slot and are associated with different SSBs. Relative configuration can reduce the signaling overhead at least for SSB association.
Proposal 1: Support option 2 as the configuration method for msgA PUSCH.
A FFS point remained in last meeting is the mapping type of msgA PUSCH. In Rel-15, two mapping types had been defined, where type A indicates the PUSCH can only start at the first symbol in the slot with a length of no less than 4 symbols, while type B indicates the PUSCH can start at any symbol with any length in the slot. Obviously, type B could provide more flexibility in msgA PUSCH resource allocation. For example, the PO can be allocated in mixed DL/UL slot and multiple POs can be TDMed in the same slot.
Proposal 2: Support mapping type B for msgA PUSCH.
2.2 Guard band and guard period
· Guard band
In our consideration, the necessity of guard band relates to the numerology used for msgA PUSCH. In RAN1 #96bis meeting [2], it was agreed to support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology of PUSCH follows the numerology of UL BWP configured for msgA transmission. Thus, the guard band seems not to be required. Under the case (if supported) that PRACH and PUSCH sends in the same slot and the numerology of PUSCH differs from that of UL BWP, the guard band is required to mitigate inter-carrier interference. The guard band should locate on both edges of a PO or a group of consecutive FDMed POs. Without impacting the available REs in the PO, one possible way is to shift several subcarriers from the RB grid and partial subcarriers on two edge PRBs are used as guard band (illustrated in Figure 1), which is similar to the value  defined for preamble [3]. The subcarrier shift could be left to gNB implementation by indicating a frequency starting point not aligned with RB grid, or be conducted on UE side by informing the UE an explicit offset. No matter which way adopted, a subcarrier-level offset shall be introduced in msgA PUSCH resource configuration, especially for separate configuration method which intends to reuse frequency domain resource allocation defined in NR.
· Guard period
Since TA command is absent for msgA PUSCH in the first step, the guard period is required for handling the potential inter-symbol interference when the cell size is large enough such that the CP length cannot cover the round trip time. One alternative is to reserve the last one or several OFDM symbols in the PO as the guard period. This eases the design and configuration of time domain pattern for PO without considering the gap between two POs. The number of symbols can be explicitly indicated via RRC signaling or implicitly associated with the subcarrier spacing used for PO.


Figure 1 Illustration of guard band and guard period
Proposal 3: Subcarrier-level offset could be introduced in msgA PUSCH resource configuration for guard.
2.3 Multiple configurations of msgA PUSCH
In last meeting, it was agreed to support multiple msgA PUSCH configurations, but how to indicate different configurations remains FFS. Several candidate methods are listed, e.g., by different ROs, by different preamble groups, or by UCI. 
Indicating by different ROs could avoid blind detection of multiple configurations on gNB side and fully utilize the available preambles for 2-step RACH within a RO such that the collision probability is minimal. However, this may increase the transmission latency of msgA PUSCH if a UE selects a particular configuration and SSB but misses the corresponding RO or fails to access in that RO. The UE needs to wait for the next matching RO or even next PRACH configuration period. Moreover, how to associate ROs with different configurations is another issue. If only a single set of ROs configured for 2-step RACH (i.e., only one PRACH index), associate different subsets of ROs with different configurations would introduce additional signaling or additional association rules. If more than one set of ROs configured for different configurations, the RACH resource would be much wasted.
Indicating by UCI requires the gNB to decode UCI in prior to decode the msgA PUSCH. Hence, UCI should be separately encoded and mapped to physical resource, irrespective of the PUSCH configuration. 
· If UCI is not piggybacked on PUSCH, then a specific PUCCH is required to transmit UCI, which implies the gNB needs to reserve not only PUSCH resource but also PUCCH resource for each RO. Involving PUCCH transmission requires additional specification work, including PUCCH resource configuration, PUCCH power control, etc.
· If UCI is piggybacked on PUSCH, although we can reuse the Rel-15 UCI piggyback rule, there still exist some issues on UCI decoding. Take an example with 3 PUSCH configurations as Figure 2. To avoid the blind decoding of UCI, a default configuration needs to be predetermined for UCI piggyback, e.g., configuration #1. If the resource of three configurations is non-overlapped in T-F domain, the issue is if UE actually transmits PUSCH with another configuration other than configuration #1. Simultaneous transmission of PUSCH and UCI on discontinuous REs under this case is not allowed for DFT-S-OFDM waveform and also impacts the uplink power control mechanism. Notice that, this issue may also occur when the resource of multiple configurations is partially-overlapped. If the resource is fully-overlapped, the UCI piggyback procedure needs to be revised when UE actually transmit another configuration since the REs carrying UCI are not evenly distributed across all the PUSCH RBs. 
· The last but not least, if more than one UE choosing the preamble in the same RO but transmitting different PUSCH configurations, which cannot be treated as a corner case, gNB may be unable to differentiate the UCI due to collision and has to blind decode all possible PUSCH configurations. 


Figure 2 Indicating multiple configurations by piggybacked UCI
In conclusion, we are more preferable to support indicating multiple configurations by preamble groups considering minimum specification work and less derivative issues. Each configuration is associated with a group of non-intersecting preambles. The selection of preamble groups could be similar to groupA/groupB in legacy 4-step RACH. UE that satisfying a given payload threshold and pathloss condition can choose a preamble in corresponding preamble group and transmit msgA PUSCH with associated configuration. An illustrative example is shown in Figure 3.
Proposal 4: Support indicating multiple msgA PUSCH configurations by preamble groups.


Figure 3 Preamble divisions for multiple msgA PUSCH configurations
2.4 PRACH resource for 2-step and 4-step RACH
In RAN1 #96bis, it achieved follow agreement [2]:
	Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH


For option 2, it is just a division of preambles between 2-step and 4-step RACH. Considering contention-free preambles are reserved for specific purposes, e.g., BFR, and 2-step RACH only aims at contention-based access, the preambles for 2-step RACH can be taken from contention-based preambles allocated for 4-step RACH. Thus, most parameter in IE RACH-ConfigGeneric and RACH-ConfigCommon can be reused for 2-step and 4-step RACH, such as prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, zeroCorrelationZoneConfig, prach-RootSequenceIndex, msg1-SubcarrierSpacing, restrictedSetConfig, msg3-transformPrecoder. 


Figure 4 PRACH resources for 2-step and 4-step RACH with option 2
[bookmark: _GoBack]For option 1, a separate set of ROs are configured for 2-step RACH. There are two alternatives, reuse the PRACH configuration table for 4-step RACH or introduce new configuration entries. One main motivation to introduce new configuration entries is to enable symbol-level multiplexing between RO and PO of msgA, as shown in Figure 5(b). This may be impossible for legacy PRACH configurations which only assume that OFDM symbols within RACH slot are occupied by consecutive ROs, illustrated as Figure 5(a). However, enabling symbol-level multiplexing needs to split ROs into different time positions. Since the length of PO is configurable rather than fixed, and ROs are periodic and not allowed to across slot boundary, a more general pattern is splitting ROs into different slots, as Figure 5(b). Thence, the first issue is more Gp symbols shall be kept between each RO-PO pair and the potential generation of ‘orphan’ symbols in the end of each RACH/PUSCH slot. The second issue is, for UEs choosing RO #3, extra access delay would be incurred comparing to legacy pattern. Conclusively, we think the PRACH resource design for 2-step PRACH should prioritize reusing PRACH configuration table defined in Rel-15.
Proposal 5: Reusing PRACH configuration table defined in Rel-15 for 2-step RACH should be prioritized.


Figure 5 Multiplexing between ROs and POs
In terms of configuring ROs for 2-step and 4-step RACH, we suggest to adopt FDM manner between 2-step ROs and 4-step ROs, i.e., same value of prach-ConfigurationIndex but different values of msg1-FrequencyStart. Such design, on one hand, does not require additional UL symbols to be reserved for RACH. On the other hand, 2-step ROs and 4-step ROs that associate with a same SSB could locate on same symbols. Thus, gNB can use same Rx beam on these symbols, which ease the QCL restriction on other symbols.
Proposal 6: FDM only between 2-step and 4-step ROs could be considered.
3. Conclusion
In this contribution, we discussed the channel structure for 2-step RACH. The following proposals are given:
Proposal 1: Support option 2 as the configuration method for msgA PUSCH.
Proposal 2: Support mapping type B for msgA PUSCH.
Proposal 3: Subcarrier-level offset could be introduced in msgA PUSCH resource configuration for guard.
Proposal 4: Support indicating multiple msgA PUSCH configurations by preamble groups.
Proposal 5: Reusing PRACH configuration table defined in Rel-15 for 2-step RACH should be prioritized.
Proposal 6: FDM only between 2-step and 4-step ROs could be considered.
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