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1. Introduction
In RAN1 #98bis meeting (including post-meeting email approval), following agreements on 2-step RACH had been achieved [1]:
	Agreements:
· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
Agreements:
· For the configuration of the msgA PUSCH waveform
· Use a separate cell-specific parameter “msgA-transformPrecoder” to indicate the waveform of msgA PUSCH
· If the parameter is not configured, msgA PUSCH follows the waveform of msg3.
Agreements:
· Different configuration periodicity for msgA PRACH and PUSCH is not supported in Rel.16
Agreements:
· Regarding the potential overlapping of msgA PUSCH occasions for a PUSCH configuration:
· Limit the msgA PUSCH configuration so that overlapping between PUSCH occasions is not expected
Agreements:
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)
Agreements:
· At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs
Agreements:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive
Agreements:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 
Agreements:
· The starting of msgB window should follow that defined for 2-step RACH regardless of failure of LBT for msgA PUSCH.
Agreements:
· The ordering of the msgA PRACH preambles within an msgA association period is
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination
Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16

Agreements:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, Msg A PUSCH mapping type A or B and SLIV are included in a TDRA table.
· The TDRA table w.r.t Msg A PUSCH mapping type A or B and SLIV is based on the existing TDRA table
· FFS whether or not the parameter K2 in the table is used for msgA PUSCH
· FFS whether or not to further update
Agreements:
· Support configurable PRB-level guard band between FDMed PUSCH occasions with values only from {0, 1} PRBs
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16


2. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Discussion
2.1 MCS/TBS
To determine the time-frequency resource size of PUSCH occasion, the payload size of msgA needs to be studied firstly. For RRC_IDLE/INACTIVE, 56 or 72 bits could be taken as the starting point. This also aligns with minimum payload size requirement from the LS from RAN2 [2]. Note that as the gap between the payload size for 56 & 72 bits is small, we propose the configured MCS shall support 72 bits at least. That is, it is unnecessary to configure a MCS which leads to the TBS within [56~72] bits.
For the modulation order of msgA PUSCH, according to the evaluation in our previous contribution [3], low MCS seems to be enough for small TBS 56/72-bit with a reasonable resource overhead. Hence, we think the modulation scheme for RRC_IDLE/INACTIVE could be limited to QPSK and BPSK if transform precoding is enabled. For MCS table and value range, we think it could be similar as MCS field in RAR UL grant, i.e., using 4-bit to indicate total sixteen indexes. BPSK/QPSK entries could be inherited from Table 5.1.3.1-1 (transform precoding disabled) or Table 6.1.4.1-1 (transform precoding enabled) defined in TS38.214. The unused entries could reserve for future proof. Providing more QPSK entries enables more flexibility on gNB configuration, e.g., RSRP threshold, resource allocation, etc.
For RRC_CONNECTED, high order modulation scheme could be configured by UE-specific RRC signaling considering the channel condition is known at gNB side.
Proposal 1: For RRC_IDLE/INACTIVE, the modulation scheme of msgA PUSCH could be limited to QPSK， and BPSK if transform precoding enabled. 
Proposal 2: Total 16 indexes could be indicated by RRC parameter msgA-MCS. The BPSK/QPSK entries inherits from ‘qam64’ table defined in Rel-15. Support some reserved indexes for future proof.
2.2 Configuration of msgA PUSCH occasion
In this section, we share our views on some RRC parameters.
Number of slots: We think using 2-bit to indicate the value range {1, 2, 3, 4} is sufficient, considering gNB can adjust the number of DMRS ports/sequence, FDMed POs, and TDMed POs to provide adequate PRUs.
Number of time domain POs in each slot: The possible values for number of TDMed POs could be {1, 2, 3, 4}. The necessity for value ‘7’ requires further study since only 2-symbol are available for a PO and only 1-symbol for data part if transform precoding is enabled. In our consideration, the minimum length of a PO should be 3 or 4 symbols, and at least 2 symbols are used for data part, which means only 1-symbol for DMRS if the PO length is 3. Note that, current default PUSCH TDRA table cannot support 3 or 4 POs in a slot as the minimum length is 6 symbols. 
Time domain offset w.r.t PRACH slot: In last meeting, it has agreed to use a TDRA table but whether to use K2 value in the table hasn’t decided yet. In our consideration, if the specific parameter msgAPUSCH-timeDomainOffset is configured, then it overwrites the K2 value in the TDRA table. Otherwise, the K2 value in the table is reused. Considering the main benefit of 2-step RACH is to reduce access latency, the value range of time domain offset shall be limited, e.g., {[0], 1, 2, 3, 4, X, X, X } slots. Here,  X means the reserved values for future extension. Slot offset as 0 can also considered for the case with short PUSCH occasion. 
Time domain resource allocation: There are two parameters relate to this indication, msgA-timeDomainAllocation and startSymbolAndLengthMsgAPO. Comparing to the former one which can only indicate an index from the TDRA table, the latter parameter has more flexibility on resource allocation to accommodate different TDD configurations and potential collisions. Thence, if startSymbolAndLengthMsgAPO is configured, it overwrites the time domain allocation given by msgA-timeDomainAllocation.
Number of PRBs per PO: This value tightly relates to the transmitted payload, selected MCS and time domain length of PO. Based on numerical calculation, 2-PRB is adequate for transmitting 72-bit with MCS #1 and 14-symbol time domain length (2-symbol for DMRS). Considering the minimum PO length would be 3 or 4 symbols, extending to 6 PRBs seems to be sufficient. So the value range of {1, 2, 4, 6} PRBs can be starting point.
Number of FDMed PO: The value range can be same as msg1, i.e., {1, 2, 4, 8}. 
Guard period: The details are analyzed in section 2.3. 
Proposal 3: Support the following value ranges for msgA PUSCH configuration.
	Parameter
	value

	nrMsgAPO-FDM
	{1, 2, 4, 8}

	nrofPRBsperMsgAPO
	{1, 2, 4, 6}

	MCS
	INTEGER (0. .15);

	msgAPUSCH-timeDomainOffset
	{[0], 1, 2, 3, 4, X, X, X} slots

	nrofMsgAPOperSlot
	{1,2,3,4}

	nrofSlotsMsgAPUSCH
	{1,2,3,4}


2.3 Configuration of 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, similar to the guard time in preamble. Thus, the guard period between two POs (or between PO and normal symbols) shall be comparable to the guard time of configured preamble format. The specific number of OFDM symbols of guard period relates to the numerology used by msgA PUSCH. 
Table 1 lists the guard time in each preamble format and required number of OFDM symbols under different subcarrier spacing. Note that, format 1 and 2 has a relative long guard time, which corresponds to a guard period with a length longer than one slot if UL BWP is configured with 30/60kHz. Whether to support such combination of configurations in the spec needs to be identified in this meeting. If not support, the value set of guard period could be limited to {0~6}. In addition, if the network sets a RSRP threshold as the RACH type selection criteria, the maximum number of symbols for guard period could be further reduced, since probably only center UEs would send msgA PUSCH.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 4: The guard period shall be comparable to the guard time of configured preamble format. The value range could be {0,1,2,3} for 15kHz/30kHz, and {0,1,2,6} for 60kHz.
Table 1 GT in each preamble format and required number of OFDM symbols under different SCS
	Format
	Guard time
	15kHz
	30kHz
	60kHz
	120kHz
	Note

	0
	~96.9us
	2
	3
	6
	N/A
	Long preamble format only targets FR1, on which 120kHz SCS is not applicable

	1
	~716.2us
	10
	20
	40
	N/A
	

	2
	~647.4us
	9
	18
	36
	N/A
	

	3
	~96.9us
	2
	3
	6
	N/A
	

	A1~A3
	N/A
	1~2
	1~2
	1~2
	1~2
	No guard time reserved in the preamble format. The prach configurations containing only preamble A1/A2/A3 would reserve 1 or 2 symbols in the end of RACH slot

	B1
	72κ2-u
	0
	1
	1
	N/A
	The time domain length of format B1~C2 relates to SCS of RA. 
In these rows, SCS 15kHz is assumed for RA in FR1

	B2
	216κ2-u
	1
	1
	1
	N/A
	

	B3
	360κ2-u
	1
	1
	1
	N/A
	

	B4
	792κ2-u
	1
	1
	2
	N/A
	

	C0
	1096κ2-u
	1
	1
	2
	N/A
	

	C2
	2912κ2-u
	2
	3
	6
	N/A
	

	B1
	72κ2-u
	N/A
	N/A
	0
	1
	In these rows, SCS 60kHz is assumed for RA in FR2

	B2
	216κ2-u
	N/A
	N/A
	1
	1
	

	B3
	360κ2-u
	N/A
	N/A
	1
	1
	

	B4
	792κ2-u
	N/A
	N/A
	1
	1
	

	C0
	1096κ2-u
	N/A
	N/A
	1
	1
	

	C2
	2912κ2-u
	N/A
	N/A
	2
	3
	


2.4 Number of DMRS sequences
It was agreed to support both DMRS ports and DMRS sequences at least for CP-OFDM. Configuring multiple DMRS sequences can increase the number of available PRUs, leading to a lower PRU collision probability. In our consideration, the DMRS sequence generation mechanism could follow Rel-15 without introducing too much specification change. In Rel-15, pseudo-random sequence is applied for CP-OFDM and shall be initialized with


The scrambling ID n_scid can be configured to 0 or 1, which means 2 DMRS sequences can be used for a given DMRS port, doubling the available PRUs in a given PO. The same generation method and number of scrambling IDs can be reused for msgA PUSCH.
Proposal 5: For CP-OFDM, the number of DMRS sequence for msgA PUSCH is up to 2.
2.5 MsgA PUSCH configuration
In last meeting, a discussing point needs to be confirmed is whether PRACH configuration and msgA PUSCH configuration are both BWP-specific and cell-specific. In current TS38.331 [4], regular RACH parameters are configured via IE RACH-ConfigCommon and RACH-ConfigGeneric, which are included under IE BWP-UplinkCommon. Per spec’s description, these parameters are “cell-specific” and the network ensures the necessary alignment with corresponding parameters of other UEs. In our understanding, the PRACH configuration is cell-specific but just configured via BWP-specific signaling. The configuration of msgA PUSCH in an UL BWP shall follow a similar method, i.e., the msgA PUSCH configuration is cell-specific corresponding to a cell-specific PRACH configuration, and could be configured via BWP-specific signaling with gNB ensures the necessary alignment among multiple UEs. This eases the detection complexity on gNB side without assuming different UL BWPs and would further reduce the access latency.
Observation 1: In Rel-15, PRACH configuration is cell-specific but just configured via BWP-specific signaling.
Proposal 6: MsgA PUSCH configuration shall follow a similar method as PRACH configuration, i.e., msgA PUSCH configuration is cell-specific and could be configured via BWP-specific signaling with gNB ensures the necessary alignment among multiple UEs.
2.6 Frequency hopping for msgA PUSCH
It is agreed to support intra-slot frequency hopping per PO per msgA PUSCH configuration. There are two design details remaining further discussion. The first one is, whether or not have a guard period (Gp) between the two hops. A simple illustration is shown in Figure 1. Assuming only one PO is configured within the slot, a Gp is required between the PO and normal UL symbol. This could be achieved via gNB implementation, e.g., avoid scheduling UL transmission on the blank resource following the PO. Once frequency hopping is enabled, the Gp is required after each hop of the PO, and also could be achieved by gNB scheduling. Thence, from UE’s perspective, no explicit Gp is needed between two hops. However, it is notable that one more piece of resource is wasted for the hopping. 
Observation 2: The guard period between each hop of a PO and normal UL symbol can be achieved via proper gNB scheduling.
Proposal 7: No explicit guard period is configured between two hops of a PO.


Figure 1 Illustration of frequency hopping per PO
The other discussing point is any impact when multiple POs are configured within a PUSCH slot. As illustrated in Figure 2, there are three POs in the PUSCH slot. According to previous agreements, explicit Gp is configured between two consecutive POs. Once frequency hopping is enabled, we see that, the explicit Gp could be eliminated since all the hops within the same frequency region are non-continuous in time. Only implicit Gp between a hop and normal UL symbols needs to be considered, which can be handled via gNB scheduling. Note that the larger for the number of the consecutive POs, the more piecemeal for the resource. 
Observation 3: When intra-PO frequency hopping is enabled, the guard period between two consecutive POs could be configured to be zero, and the Gp resource could be reserved by scheduling. The larger for the number of the consecutive POs, the more piecemeal for the resource. 


Figure 2 Illustration of frequency hopping in case of consecutive POs
One more thing to note is the frequency offset between two hops of a PO. In Rel-15, the frequency offset for the second hop of msg3 PUSCH transmission relates to size of initial UL BWP. This could be applied for msgA PUSCH transmission on initial UL BWP. But for msgA PUSCH on an UL BWP other than initial UL BWP, as what we discussed in last section, msgA PUSCH configuration could be conveyed by BWP-specific signaling for a UE. If frequency offset still follows the size of UL BWP, this would cause mismatch among different UEs with different UL BWP size when they share the same msgA PRACH configuration, as illustrated in Figure 3.  This would burden the detection on gNB side since it has to attempt with multiple UL BWP assumptions. Thus, frequency offset of msgA PUSCH on non-initial UL BWP should also be RRC configured together with other msgA PUSCH parameters, and the gNB needs to ensure necessary alignment among different UEs.


Figure 3 Illustration of frequency hopping in case of BWP-specific offset
Proposal 8: Frequency offset for msgA PUSCH on initial UL BWP follows the rule of msg3 PUSCH in Rel-15, i.e., the value of frequency offset related to the size of initial UL BWP.
Proposal 9: Frequency offset for msgA PUSCH on an UL BWP other than initial UL BWP should be RRC-configured.
3. Conclusion
In this contribution, we discussed the channel structure for 2-step RACH. The following observations and proposals are given:
Proposal 1: For RRC_IDLE/INACTIVE, the modulation scheme of msgA PUSCH could be limited to QPSK， and BPSK if transform precoding enabled. 
Proposal 2: Total 16 indexes could be indicated by RRC parameter msgA-MCS. The BPSK/QPSK entries inherits from ‘qam64’ table defined in Rel-15. Support some reserved indexes for future proof.
Proposal 3: Support the following value ranges for msgA PUSCH configuration.
	Parameter
	value

	nrMsgAPO-FDM
	{1, 2, 4, 8}

	nrofPRBsperMsgAPO
	{1, 2, 4, 6}

	MCS
	INTEGER (0. .15);

	msgAPUSCH-timeDomainOffset
	{[0], 1, 2, 3, 4, X, X, X} slots

	nrofMsgAPOperSlot
	{1,2,3,4}

	nrofSlotsMsgAPUSCH
	{1,2,3,4}


Proposal 4: The guard period shall be comparable to the guard time of configured preamble format. The value range could be {0,1,2,3} for 15kHz/30kHz, and {0,1,2,6} for 60kHz.
Proposal 5: For CP-OFDM, the number of DMRS sequence for msgA PUSCH is up to 2.
Observation 1: In Rel-15, PRACH configuration is cell-specific but just configured via BWP-specific signaling.
Proposal 6: MsgA PUSCH configuration shall follow a similar method as PRACH configuration, i.e., msgA PUSCH configuration is cell-specific and could be configured via BWP-specific signaling with gNB ensures the necessary alignment among multiple UEs.
Observation 2: The guard period between each hop of a PO and normal UL symbol can be achieved via proper gNB scheduling.
Proposal 7: No explicit guard period is configured between two hops of a PO.
Observation 3: When intra-PO frequency hopping is enabled, the guard period between two consecutive POs could be configured to be zero, and the Gp resource could be reserved by scheduling. The larger for the number of the consecutive POs, the more piecemeal for the resource.
Proposal 8: Frequency offset for msgA PUSCH on initial UL BWP follows the rule of msg3 PUSCH in Rel-15, i.e., the value of frequency offset related to the size of initial UL BWP.
Proposal 9: Frequency offset for msgA PUSCH on an UL BWP other than initial UL BWP should be RRC-configured.
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