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[bookmark: _Ref178064866]Introduction
This paper discusses msgA channel structure for 2-step RACH [1]. The maximum number of DMRS scrambling initializations that should be specified is analyzed. Furthermore, how the preambles are mapped to the PUSCH resource units and how the SSBs are mapped to time domain PUSCH occasions are discussed. Then some considerations related to NR-U for the msgA slot structure and PUSCH resource determination is provided. Finally, DMRS port determination and sequence generation, how the waveform for msgA PUSCH is assigned, how the numerology is set for PUSCH and PRACH, and how RNTI is determined for msgA and msgB are discussed. Use cases and scenarios to target the msgA design toward are discussed in a companion paper [2]. The issue of whether ‘guard’ PRBs can be allocated between neighboring POs is also discussed in [3], as is the coverage of different msgA payload sizes given with or without power ramping and HARQ combining.
msgA structure
One of the key requirements for msgA structure is that it supports low latency. In both licensed and unlicensed operation in NR-U, this is enabled by minimizing the duration of PRACH and PUSCH components of msgA. However, for NR-U, one of the main benefits of the 2-step RACH is the reduced need of listen-before-talk (LBT) operations compared to the 4-step RA procedure. In case msgA would need two LBTs, much of the benefit of the 2-step RACH would disappear. Therefore, it is of vital importance that msgA can be transmitted using only one LBT, i.e. that there is no gap between PRACH and PUSCH longer than 16 µs. Mechanisms to minimize LBT and to support NR-U in general are discussed in more detail in section 2.4.
Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that msgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
PUSCH occasion configuration
Figure 1 below illustrates msgA configurations supported by current agreements that support at least the same configuration periodicity for msgA PRACH and PUSCH. Multiple slots, each containing a variable number of POs in time and frequency can be configured, where a guard period in time may or may not be used. The configurations may or may not overlap in time. In this example, we show different bandwidth POs that occupy the same OFDM symbols.
These configurations do not yet support where msgA PUSCH configurations have a different periodicity than PRACH. However, we note that the number of time domain POs corresponding to a RACH slot is quite flexible and the availability of multiple time offsets for different configurations allows further flexibility for where the POs can be in time. Moreover, the number of POs per RACH slot can vary quite a bit, which seems to be the main benefit of different periodicity for POs and RACH occasions. Therefore, the need for different configuration periodicities for PRACH and PUSCH is not yet clear.
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Observations
· 2-step RACH configurations currently support a variable number of POs per slot and a variable number of contiguous slots containing POs.
· 2-step RACH configurations can have different starting slots allowing configurations to share the same time/frequency resource or to be scheduled in different OFDM symbols.
Proposal
· Further study the benefit of different configuration periodicities for RACH and PUSCH occasions.
On the number of scrambling initializations in a PUSCH occasion
In RAN1#98, it was agreed to support the use of both DMRS ports and DMRS sequences for the definition of a PRU. However, it was left open how many sequences should be supported. In this section we study the benefit of various numbers of scrambling sequence initializations.
In Figure 2, we show results where UEs are randomly dropped within the system and mapped to a gNB based on the link gain. In every slot, UEs are randomly activated. An active UE will randomly select a PRU for every transmission attempt. The UE will here have at most 4 attempts to transmit a packet. If 4 all attempts fail, the packet will be indicated as dropped. If an active UE is randomly selected to be activated, it will start to transmit the new packet when all previous activations are finished. The power control target is P0= -110 dBm. The figure compares 2 POs with 8 PRBs per PO and from 1, 2 and 4 DMRS scrambling sequence initializations with and without 3 dB power ramping for every re-attempt. A transport block size of 72 bits is used. The max DMRS scrambling (NID) in each plot corresponds to 64 PRUs. With fewer DMRS scrambling initializations there are fewer PRUs and larger probabilities for collision. If the collision rate limits the BLER, it will also result in a higher drop rate. Each gNB has 4 receive antennas. A UMi scenario is simulated. Additional simulation assumptions are given in Table 1 in the Appendix. 
In the curves at 1% drop rate, the performance monotonically increases with the number of DMRS scrambling sequence initializations, where the increases are greatest for the smallest number of sequences. Alternatively, it can be observed that there is relatively small loss by reducing the DMRS scrambling sequence initializations by a factor of 2 going from 64 to 32 PRUs. When reducing the PRUs further, the performance becomes limited by the collision rate. The difference in number of PRUs is similar regardless if power ramping is used or not.
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[bookmark: _Ref20854360] Figure 2: Drop rate vs. load for different number of DMRS scrambling initializations.
Observations:
· In bandwidth limited cases where few POs can be supported, a higher number of scrambling sequences can improve performance.
· In cases where multiple POs can be supported, the gains of additional scrambling sequences can decrease.
· The performance generally increases with the number of scrambling sequences even when multiple POs can be supported.
Different DMRS scrambling can be implemented using Rel-15 sequences, but with different DMRS sequence initialization, as discussed in section 2.5.2. Therefore, we propose:
Proposal:
· Specify support for at most [4] or [8] scrambling initializations per PRU
Preamble to PUSCH resource unit mapping
A msgA PUSCH configuration and its corresponding PUSCH occasions are illustrated in Figure 3 below. Here, the msgA PUSCH configuration spans two slots, and a PUSCH occasion can have one of 2 sizes occupying K=4, K=8, or K=16 PRBs and 7 OFDM symbols. Each PUSCH occasion contains 2 PUSCH resource units associated with a DMRS configuration (a DMRS port and/or a DMRS sequence initialization) shown as ‘DMRS0’ and ‘DMRS1’. The preambles somehow need to be mapped to PUSCH occasions and PUSCH resource units, and this is facilitated by numbering the PUSCH RUs.
The following factors should be considered when numbering the PUSCH RUs:
· DMRS antenna ports and/or scrambling
· PUSCH occasions FDMed,
· PUSCH occasions TDMed
· PUSCH occasions for each PO size

And the mapping order can be as below:
· First by DMRS antenna ports and/or scrambling, then by frequency, then by PUSCH configuration, then by time
Proposal:
· PUSCH RUs are ordered first by DMRS antenna ports and/or scrambling, then by frequency, then by PUSCH configuration, then by time

A mapping order from the preamble to the PUSCH RUs can be as described as below and again in Figure 3:
· Step 1: Map to frequency of PUSCH RUs
· Preambles are first mapped to cyclic shifts, which can be orthogonal. So, preambles mapped to different frequency PUSCH RUs can be orthogonal, like the adjacent PUSCH RUs.
· Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
· Preambles are secondly mapped to root indices, which are not orthogonal, like a PO mapped to different DMRS.
· Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1.
· Step 4: Map to the PUSCH configuration
· Multiple PUSCH RU configurations should be able to correspond to an SSB
· Step 5: Map to the OFDM symbol(s) containing the PUSCH
· Different SSBs can map to different PUSCH symbols
Proposal:
· Use the five-step procedure below to map preambles to PUSCH resource units in a predetermined order:
· Step 1: Map to frequency of PUSCH RUs,
· Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
· Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1,
· Step 4: Map to the PUSCH configuration, 
· Step 5: Map to the OFDM symbol(s) containing the PUSCH
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As is shown in Figure 3, preambles in a first RACH occasion map to SSB0 and SSB1, while those in a second RACH occasion map to SSB2 and SSB3. Since there are 12 PRUs per SSB, and 2 PRACHs are mapped to each PRU, 24 preambles are needed for each SSB. Therefore only 48 out of 64 preambles in a RACH occasion are needed to support this example msgA PUSCH configuration. It can be observed that an integer number of preambles can’t be mapped to the 12 PRUs such that there are 64 preambles. Therefore, a mechanism is needed to map a subset of preambles in a RACH occasion to PRUs.
Given that TDM msgA POs are used, the next question is how many to TDM. Since there can be at most 7 ROs TDM’d in a PRACH slot, supporting the same maximum number of TDM’d POs in a msgA PUSCH set would allow the PUSCH to have the same amount of TDM’d SSBs as the PRACH.
Observation:
· Supporting a number of TDM’d POs in a msgA PUSCH slot equal to the maximum number of ROs in a PRACH slot allows the same amount of TDM’d SSBs as the PRACH.
Proposal:
· The maximum number of TDM’d POs per subcarrier is roughly the maximum number of ROs in a PRACH slot.
[bookmark: _Ref21117121]Considerations for NR-U
Single slot msgA slot
In RAN1 #96bis meeting, the agreements below have been made to further study whether to support msgA PUSCH and msgA preamble in one single slot, and if supported, down-select the options to determine the msgA numerologies. 
Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
As is known in [2], NR-U is at least one of the main use cases of 2-step RACH especially if only one single LBT is needed for msgA. UEs may need to perform LBT if they stop transmitting for e.g. more than 16us. Such gaps in transmission can occur before the PRACH, between the PRACH and the PUSCH, and after the PUSCH. Since Type B PUSCH transmission is supported for 2-step RACH, the PUSCH can be positioned at the beginning of a slot. If PRACH can be restricted to occupy the last RO in a RACH slot, then the gap between PRACH and PUSCH can be zero or sufficiently small to avoid LBT. Gaps before the PRACH or after the PUSCH can also be filled in by Type B PUSCH scheduling or other downlink or uplink physical channels according to gNB implementation. Therefore, the only requirement for relatively efficient operation is to allow PRACH to be restricted to the end of a RACH slot.
Transmitting both PRACH and PUSCH in a slot has implementation challenges, as has been discussed before in earlier RAN1 meetings. For example, it can be difficult for a UE to support more than one subcarrier spacing in a slot. Also, if PRACH and PUSCH are transmitted at different power, the UE may need some time for the power to settle. Furthermore, if the PRACH is powered up to match the PUSCH power in a slot, the preambles may produce unnecessary interference when PRACH requires less power than PUSCH, while on the other hand if PRACH is transmitted at a lower power than PUSCH, other devices sharing the carrier may miss the presence of the transmission and transmit during the PRACH transmission thus causing excess interference. Therefore, while same slot transmission for msgA PUSCH and PRACH has some natural appeal, it is not clear that it is beneficial when implementation and LBT behavior are taken into account.
Proposals
· Unless gains of single slot PRACH + PUSCH transmission can be shown taking into account UE implementation limitations and LBT behavior, do not specify single slot msgA PRACH +PUSCH in Rel-16.
msgA PUSCH and PRACH LBT bandwidth constraints 
Having multiple msg1 opportunities in the frequency domain for a wide carrier has been deprioritized according to NR-U agreements, since “Msg1 enhancements with more opportunities in frequency domain (over multiple LBT subbands) and time domain” has been listed as an optimization. Noting that LBT subbands are 20 MHz, this means that an NR-U UE should only need to do LBT on only one 20 MHz LBT bandwidth at a time. If msgA POs and their associated ROs are in different LBT bandwidths, then UEs would need to do multiple LBTs for the different bandwidths. Since a UE can transmit on any of the POs in a msgA PUSCH configuration, the POs of a msgA PUSCH configuration should all be confined within an LBT bandwidth.
Proposal:
· All msgA POs in a msgA PUSCH configuration are confined within a single 20 MHz carrier/LBT bandwidth
· The associated msgA RACH occasions are also confined within the same single carrier/LBT bandwidth
Interlaced msgA PUSCH 
In RAN1 AdHoc 1901 meeting, the agreements below have been made to support interlaced PUSCH and PUCCH for NR-U. 
Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH
Later in RAN1 #98 meeting, these further agreements have been made on indication of the interlace resource.
Agreement:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
Firstly, we observe that both interlaced PUSCH and Rel-15 PUSCH are supported in NR-U, so an indication that MsgA PUSCH interlace are used or not is needed both in SIB1 and dedicated RRC signaling to support both idle/inactive and RRC_CONNECTED UEs. 
Two step RACH for NR-U must also support resource allocation using PUSCH interlaces. Since msgA POs are agreed to be composed of M contiguous PRBs (possibly with a guard band), each PO should be composed of N consecutive interlaces. The starting PRB will also need to be indicated, and should correspond to a starting interlace. If guard bands are needed, these will need to be allocated in units of interlaces, and should be between adjacent POs, but not within the POs. The detailed mechanism for how the interlaces are signaled may depend on which of the Alt-1 and Alt-2 interlace signaling approaches are specified, and so can be FFS for now. Once the POs are constructed from the PUSCH interlaces, the same mapping of preambles to PRUs can be used: POs formed from PUSCH interlaces happen to be distributed in frequency, while POs formed from normal PUSCH are localized, but the mapping to POs is not affected by this. 
The msgA PUSCH interlace configuration approach with and without a guard band is illustrated below. A msgA PUSCH configuration for ten interlaces with 4 different PUSCH occasions (0-3) and without guard interlaces is shown in the Figure 4. The starting interlace is the second interlace, so the first interlace is unallocated. The last interlace is also unallocated because there is no room for a full PO after PO#3.
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[bookmark: _Ref21023613]Figure 4: PO mapping to PUSCH Interlace Alt. 1
Figure 5 is similar, but allows unallocated interlaces to be used anywhere except within a PO. Here, 6 POs are defined, with the first, fourth, seventh and tenth interlaces being unallocated. It would be possible to constrain unallocated interlaces to always fall between each PO, but this would force higher overhead and so is undesirable.
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[bookmark: _Ref21023733]Figure 5: PO mapping to PUSCH Interlace Alt. 2
Proposal:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion in a msgA PUSCH configuration is composed of N PUSCH interlaces
· The minimum value of N is 1
· FFS the maximum value of N
· Alt 1: Each PO is allocated N consecutive interlaces and a starting interlace index
· [bookmark: _Hlk20831766]One or more unallocated interlaces may be between adjacent POs in frequency
· FFS: how to indicate starting and unallocated interlace(s), and position within the allocated interlace(s)
· Alt 2: Same as Alt 1, except there are no unallocated interlaces between adjacent POs in frequency
· Note: Guard PRBs between POs are not explicitly specified; gNB implementation can decide not to allocate interlace(s) to msgA POs.
· Preamble to PO mapping is independent of whether or not interlaced mapping is configured

DMRS sequence generation for msgA PUSCH
It has been agreed in RAN1 #98 meeting to configure multiple DMRS sequences at least for CP-OFDM. This section provides methods on DMRS port determination and DMRS sequences generation for msgA PUSCH with CP-OFDM and DFT-s-OFDM. 
Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
DMRS port determination
As is known that in Rel-15, the DMRS port for msg3 is always 0. By contrast, it has been agreed in Rel-16 for 2-step RACH operation that different DMRS ports, different DMRS sequence initialization, or a combination of the two will be used for PUSCH RUs occupying the same PO. Some mechanism is therefore needed to determine the DMRS port and sequence initialization to be used for each PUSCH RU.
The maximum number of DMRS ports is a function of the DMRS configuration in Rel-15 NR, which can be multiplexed using 3 different mechanisms: 
· frequency domain multiplexing (FDM) where different ports occupy different subcarriers, 
· code domain multiplexing in frequency (FD-CDM) where ports are spread over subcarriers OFDM symbols, 
· code domain multiplexing in time (TD-CDM) where ports are spread over OFDM symbols.
These 3 different multiplexing methods are not equally robust to different impairments. Ports multiplexed with FD-CDM will mutually interfere in the presence of delay spread in a radio channel, while ports multiplexed with TD-CDM will mutually interfere when there is a Doppler shift or spread in the channel. FDM is more robust than FD-CDM or TD-CDM, since the cyclic prefix tends to mitigate inter-subcarrier interference, although large Doppler shifts or large timing offsets will lead to inter-subcarrier interference.
Since different DMRS ports interfere differently according to how they are multiplexed, it can be beneficial to use a subset of antenna ports that is multiplexed in the most robust way.
So, a subset of antenna ports for msgA PUSCH transmission is constructed 
· by first including the first antenna port in each CDM group of the DMRS configuration in the subset
· then including the second antenna port in each CDM group in the subset, and so on until the subset contains the desired number of ports.
· The ports in each CDM group occupy a set of subcarriers that is not occupied by other CDM groups.
Proposal
· A subset of antenna ports for msgA PUSCH transmission is constructed 
· first by including the first antenna port in each CDM group of the DMRS configuration in the subset
· then by including the second antenna port in each CDM group in the subset, and so on until the subset contains the desired number of ports.
[bookmark: _Ref16626790]DMRS Sequence generation
When transform precoding is disabled, the DMRS sequence  used for msgA PUSCH can be generated according to clause 6.4.1.1.1.1 of 3GPP TS 38.211 V15.6.0 as the following:
Using same formula:

.

where the pseudo-random sequence  is defined in clause 5.2.1 of 3GPP TS38.211 V15.6.0. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	; 
-	can be a function of Cell ID of current cell  and preamble id  of the preamble mapped to corresponding PUSCH occasion.
The quantity  can be configured or fixed in specification.
Proposal:
· When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the  can be a fixed value, and the  can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
When transform precoding is enabled, for msgA PUSCH transmission, the reference-signal sequence  may be generated according to clause 6.4.1.1.1.1 of 3GPP TS 38.211 V15.6.0 using:


where  is given by clause 5.2.2 of 38.211 V15.6.0 with  ,and  may be determined based on the preamble ID and/or the ID of the PRU and a set of values for one or more of these 3 parameters.
Proposal:
· When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation;  may be determined based on the preamble ID and/or the ID of the PRU.
PUSCH waveform
In RAN1 #96, below agreements were made on the waveform of the msgA.
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
For the signaling of the waveform, in NR release 15, msg3-transformPrecoder was included in RACH-ConfigCommon IE to signal the waveform used for msg3 in 3GPP TS 38.331 V15.4.0. So, similarly, a msgA-transformPrecoder can be included in the same IE to indicate the waveform of the msgA PUSCH for 2-step RA.
Proposal: 
· Signal whether transform precoding is enabled for msgA PUSCH in system information.
PUSCH and preamble numerology 
For the preamble of msgA, if the preambles are shared between 2-step and 4-step RA or they are in the same RACH occasion, they will need to have the same numerology to both occupy the RACH occasion. 
Regarding the msgA PUSCH numerology, in RAN1 #96b, below agreements were made.
Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
From a gNB perspective, allowing the PUSCH and PRACH numerologies to be the same or different enables PRACH and PUSCH resource allocation flexibility to be traded off for reception complexity. As long as the signalling overhead is minimal (i.e. no more than a few bits carried in SIB1), maintaining this flexibility that is already available in Rel-15 seems reasonable. 
For the msgA PUSCH part, if the msgA PUSCH and msgA preamble part can be in the same slot, in this case the preamble will definitely use a short format, and the same numerology may be required between preamble and PUSCH part, i.e. option 1.
Thus, a separately configured numerology of the msgA PUSCH can be applied so that all the cases discussed above can be supported.

Proposal:
· The numerology of PRACH in 4-step RA is the same as that of the 2-step preambles. 
· Support a separately configured numerology of the msgA PUSCH.
RNTI for msgA/B
In the 2-step random access procedure, the main issue of how to assign RNTIs to msgA is that there is no TC-RNTI given to the UE prior to msgA transmission since the msgA is the first message of the procedure.
[bookmark: _Toc3883642][bookmark: _Toc3883992][bookmark: _Toc3905081][bookmark: _Toc4164079][bookmark: _Toc4165354][bookmark: _Toc4438177][bookmark: _Toc4567740][bookmark: _Toc4574577][bookmark: _Toc7625538]So it is needed to select an RNTI which can uniquely define the preamble id and PRACH occasion (equivalent to specific UE if no preamble collision) which is linked to the PUSCH transmission in msgA. 
Proposal:
· The RNTI associated with the msgA PUSCH transmission, i.e.  for the msgA PUSCH scrambling sequence generation is calculate based on at least the preamble ID 
In RAN1 #97 meeting, below agreements were made for the msgA PUSCH data scrambling sequence generation. The remain issue is to how to determine the C_init value based on the existing RNTI, preamble index etc.
Agreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.

For a normal PUSCH, the initial value for the scrambling sequence generation is defined as below based on 3GPP TS38.211:

where
-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI or CS-RNTI, and the transmission is not scheduled using DCI format 0_0 in a common search space,
-	 otherwise
and where  corresponds to the RNTI associated with the PUSCH transmission as described in clause 6.1 of [6, TS 38.214].
In order to have different scrambling sequences used for different msgA PUSCHs with different msgA preamble IDs, preamble-ID and some existing RNTI e.g. RA-RNTI can be used to generate . For example,
,
where the  is calculated based on the PRACH resource used to transmit the msgA preamble, and the  is the ID of msgA preamble.
For msgB monitoring, the RNTI to be used is still being discussed in RAN2. When only one UE is carried in the msgB, transmitting msgB can imply that msgA was received correctly by gNB, while a msg2 can indicate fallback to the 4-step procedure. Therefore, it is advantageous for UE processing if the RNTI used for msgB cannot collide with the RA-RNTI used for msg2. When multiple UEs transmitting msgA preambles on the same RACH occasion are multiplexed in one msgB, RA-RNTI can be used. On the other hand, when multiple UEs are not multiplexed in gNB, a UE specific msgB RNTI such as one calculated from the UE identity carried in msgA should be used, as discussed in [5] and our RAN2 contribution [4]. In addition to using RA-RNTI, msgB should carry LSBs of SFN to index ROs for more than the current SFN in order to configure a sufficiently long msgB window as stated in [4].
Proposal:
· [bookmark: _Toc4438180][bookmark: _Toc4567743][bookmark: _Toc4574580][bookmark: _Toc7625541]A separate set of RNTIs are used for msgB so that the msgB can be differentiated from msg2.
· RA-RNTI can be used for monitoring the PDCCH for msgB multiplexing multiple UEs that transmit msgA preambles on the same RACH occasion, while a UE specific RNTI should be used for msgB carrying a RAR for one UE.
Conclusion
In this contribution, we investigated the structure of PUSCH occasions, evaluating the maximum number of DMRS scrambling initializations that should be specified, considering how the preambles are mapped to the PUSCH resource units and how the SSBs are mapped to time domain PUSCH occasions. Methods to support NR-U in the msgA slot structure and how PUSCH resource determination might be accomplished for NR-U were provided. Finally, DMRS port determination and sequence generation, how the waveform for msgA PUSCH is assigned, how the numerology is set for PUSCH and PRACH, and how RNTI is determined for msgA and msgB are considered. We drew the observations below, leading to the following proposals. 
Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that msgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
· 2-step RACH configurations currently support a variable number of POs per slot and a variable number of contiguous slots containing POs.
· 2-step RACH configurations can have different starting slots allowing configurations to share the same time/frequency resource or to be scheduled in different OFDM symbols.
· In bandwidth limited cases where few POs can be supported, a higher number of scrambling sequences can improve performance.
· In cases where multiple POs can be supported, the gains of additional scrambling sequences can decrease.
· The performance generally increases with the number of scrambling sequences even when multiple POs can be supported.
· Supporting a number of TDM’d POs in a msgA PUSCH slot equal to the maximum number of ROs in a PRACH slot. allows the same amount of TDM”d SSBs as the PRACH.
 Proposals:
· Further study the benefit of different configuration periodicities for RACH and PUSCH occasions.
· Specify support for at most [4] or [8] scrambling initializations per PRU
· PUSCH RUs are ordered first by DMRS antenna ports and/or scrambling, then by frequency, then by PUSCH configuration, then by time
· Use the five-step procedure below to map preambles to PUSCH resource units in a predetermined order:
Step 1: Map to frequency of PUSCH RUs,
Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1,
Step 4: Map to the PUSCH configuration, 
Step 5: Map to the OFDM symbol(s) containing the PUSCH
· The maximum number of TDM’d POs per subcarrier is roughly the maximum number of ROs in a PRACH slot.
· Unless gains of single slot PRACH + PUSCH transmission can be shown taking into account UE implementation limitations and LBT behavior, do not specify single slot msgA PRACH +PUSCH in Rel-16.
· All msgA POs in a msgA PUSCH configuration are confined within a single 20 MHz carrier/LBT bandwidth
· The associated msgA RACH occasions are also confined within the same single carrier/LBT bandwidth
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion in a msgA PUSCH configuration is composed of N PUSCH interlaces
· The minimum value of N is 1
· FFS the maximum value of N
· Alt 1: Each PO is allocated N consecutive interlaces and a starting interlace index
· One or more unallocated interlaces may be between adjacent POs in frequency
· FFS: how to indicate starting and unallocated interlace(s), and position within the allocated interlace(s)
· Alt 2: Same as Alt 1, except there are no unallocated interlaces between adjacent POs in frequency
· Note: Guard PRBs between POs are not explicitly specified; gNB implementation can decide not to allocate interlace(s) to msgA POs.
· Preamble to PO mapping is independent of whether or not interlaced mapping is configured
· A subset of antenna ports for msgA PUSCH transmission is constructed 
· When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the  can be a fixed value, and the  can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
· When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation;  may be determined based on the preamble ID and/or the ID of the PRU.
· Signal whether transform precoding is enabled for msgA PUSCH in system information.
· The numerology of PRACH in 4-step RA is the same as that of the 2-step preambles. 
· Support a separately configured numerology of the msgA PUSCH.
· The RNTI associated with the msgA PUSCH transmission, i.e.  for the msgA PUSCH scrambling sequence generation is calculate based on at least the preamble ID 
· A separate set of RNTIs are used for msgB so that the msgB can be differentiated from msg2.
· RA-RNTI can be used for monitoring the PDCCH for msgB multiplexing multiple UEs that transmit msgA preambles on the same RACH occasion, while a UE specific RNTI should be used for msgB carrying a RAR for one UE.
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 Appendix: Simulation assumptions 
 Table 1: System simulation parameters
	Parameters
	Values

	Layout
	Single layer - Macro layer: Hex. Grid, 7 sites

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	16 PRBs

	Channel model
	UMi in TR 38.901

	Number of UEs in system
	Varies (Max number of UEs 800), for each simulation point 80000 UE activations are simulated 

	UE Tx power
	Max 23 dBm

	BS antenna configuration
	4 Rx
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt 102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire system 

	UE power control
	Open loop PC, (38.213 with α=1, P0=-110) 

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	72 bits 

	MCS and Resource size
	QPSK, number of PRBs/PO varies

	DMRS configuration
	Type 1 DMRS 

	Number of DMRS symbols
	4

	Timing offset
	Uniform over [0, 7.69e-7] 

	Frequency offset
	Uniform over [-600, 600]

	Max number of HARQ transmission
	1

	Max transmission attempts
	4

	Traffic model
	UEs are activated each slot using a uniform distribution. In case of an ongoing transmission the UE starts the new activation when the previous activations are finished. 

	Receiver
	MMSE-IRC 

	Channel and timing error estimation
	Realistic
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