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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the past RAN1 meetings, some agreements have been achieved on the channel structure of 2-step RACH, as summarized in the Appendix. In this contribution, we will provide further discussion on the channel structure of 2-step RACH, including resource configuration of PUSCH, mapping between PRACH and PUSCH, MCS and time/frequency resource size of PUSCH, and other issues for MsgA transmission.
[bookmark: _Ref129681832]Resource Configuration for PUSCH
Options for PO configuration
PUSCH occasion (PO) for 2-step RACH is defined as the time-frequency resource for payload transmission. There are two options discussed for the resource configuration of POs:
· [bookmark: OLE_LINK51]Option 1 – POs are separately configured from PRACH occasions (ROs).
· [bookmark: OLE_LINK52]Option 2 – Specify/configure the relative location (in time and/or frequency) of the PO with respect to the associated RO.
Further discussion on the two options is given below.
For Option 1, POs are separately configured from ROs. This is similar to the resource configuration of SS/PBCH blocks (SSBs) and ROs. Specifically, in NR, resources of SSBs and ROs are separately configured, and additional mapping rule is defined to determine the association between SSBs and ROs. With such separate resource configuration, the time/frequency resource of ROs can be more flexible. Moreover, as each SSB is associated with the same number of ROs, thus the same parameter can be applied for all SSBs and the signaling overhead can be reduced. For the mapping between ROs and POs, similar way can be applied to achieve the same benefits of flexibility and reduced overhead. 
Observation 1: Separate configuration of POs and ROs can achieve good flexibility and reduced overhead.
[bookmark: OLE_LINK3]For the detail of separate configuration of POs, there are several alternative methods. For the time domain resource allocation, reusing the follow the resource allocation for NR configured grant in principle has the smallest spec impacts. Defining some PUSCH configuration tables similar to the PRACH configuration tables can have the smallest signaling overhead. Enhanced resource allocation based on NR configured grant with double period or multiple configurations with different time offsets can achieve a good trade-off among flexibility, spec impacts and signaling overhead. For the frequency domain resource allocation, current signaling for frequency domain resource allocation of PUSCH can be reused, or some default frequency-domain location can be defined.
To further facilitate the PO configuration, a PO group can be defined as a group of POs that are equally spaced in time or frequency, as shown in Figure 1, and time or frequency gap between POs can also be considered. For the POs in the same group, some parameters can be shared so that signaling overhead can be further reduced, such as time/frequency resource size for each PO, the starting position of the time/frequency domain resource, etc. 
Observation 2: Resource configuration for PO groups can reduce the signaling overhead.
Proposal 1: PUSCH occasion groups can be defined for PUSCH resource configuration.
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Figure 1. PO group based resource configuration
For Option 2, the POs are associated with fixed or configured time/frequency relation with respect to ROs. As PRACH preambles can have different formats, the numerology of ROs and POs can be different. So at least the fixed time-domain relation between ROs and POs is too restrictive and should not be supported. 
Observation 3: Given the different formats of PRACH and different possible numerology of PUSCH, using a specification fixed value to define the relation between PO and RO is too restrictive.
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	(a) Multiple ROs and POs in frequency domain
	(b) Multiple ROs and POs in time domain


Figure 2.  Examples for resource configurations with option 2
For the other alternatives in Option 2, the time/frequency relation between ROs and POs can be configured with either a single or multiple values. A single configured value has the similar problem as that in the fixed value case, i.e., it may not work for all cases. For instance, when there are multiple consecutive ROs either in time or frequency domain, a single value is not flexible enough, and may introduce overlaps between POs in either frequency and time domain, as shown in Figure 2. The overlap in frequency domain happens if the bandwidth of POs is larger than that of ROs. Similarly, the overlap in time domain happens if the time duration of POs is longer than that of ROs. 
Multiple time/frequency offsets between RO and PO can avoid the overlap issue and allow more flexibility in implementation. However, the signaling overhead is larger if there are many ROs configured in a PRACH period, i.e., each RO needs separate offsets. Considering the configuration flexibility and signaling overhead, Option 1 is better than the alternatives in Option 2.
Observation 4: Using a single configured value to define the relation between ROs and POs is not flexible, while using multiple offsets values increases overhead.
For the TDD case, some of the time resource will be used for downlink and not available for PRACH or PUSCH transmission. As shown in Figure 3, there are 2 PRACH slots with index of {4, 9} configured in one frame, and there are two ROs in each PRACH slot. The slot configuration period is 10 ms, with first 4 slots being DL and last 6 slots being UL. 
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Figure 3. Example of PRACH configuration in TDD case
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	(a). Association between ROs and POs within one frame
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	(b). Association between ROs and POs across frames


Figure 4. Example of PO configuration with one PO group per frame
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(a). Association between ROs and POs within one frame
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(b). Association between ROs and POs across frames
Figure 5. Example of PO configuration with two PO groups per frame

For Option 1 of PUSCH resource configuration, as shown in Figure 4, the POs can be configured with the same periodicity as the slot configuration period, and the offset to the start of each frame is 6 slots. Figure 4 also show some examples on the association between ROs and POs. The association can be within one frame or cross the frames, and the association pattern also has the same periodicity as the slot configuration period. As discussed previously, multiple POs with regular time/frequency pattern can be defined in a group manner. Figure 5 gives an example that two PO groups are configured in each frame, so that the ROs and POs can be more flexible. 
For Option 2 of the PUSCH resource configuration, if a single time offset is defined for between the POs and the ROs, then some POs will be in the DL slots, and become invalid for MsgA transmission. To achieve the same resource configuration as Option 1, multiple time offsets are needed. Therefore, Option 1 can be more flexible than Option 2 in the TDD case. 
Observation 5: In the TDD case, Option 1 with separation PUSCH resource configuration is more flexible than Option 2 with relative location based PUSCH resource configuration.
Based on the above observations (Observation 1 to Observation 5), we have the following proposal:
Proposal 2: Option 1 with separate PUSCH resource configuration from PRACH resource is supported.

PUSCH configuration period
It has been agreed that one or more PUSCH occasion(s) within an MsgA PUSCH configuration period are configured. The definition of PUSCH configuration period is to be further discussed. 
For Option 1 of PUSCH resource configuration, the PUSCH configuration period may be the same as PRACH configuration period or not. If PUSCH configuration period is the same as PRACH configuration period, the signalling for the periodicity of PUSCH can be reduced. To have more flexibility, PUSCH configuration period can also be different from PRACH configuration period, e.g., there can be multiple PUSCH configuration periods in one PRACH configuration period. For Option 2 of PUSCH resource configuration, the PUSCH configuration period should be the same as the PRACH configuration period. 
Proposal 3: PUSCH configuration period can be the same or different from PRACH configuration period.

PRACH and PUSCH in the same slot
It has been agreed to further study whether PRACH and PUSCH can be transmitted in the same slot. This is only possible for short preambles, whose time duration can be less than the slot of PUSCH. 
In Rel-15, PRACH and PUSCH cannot be transmitted in the same slot even in the case of short preambles. Allowing PRACH and PUSCH transmitting in the same slot will introduce additional requirements on the UE and gNB capability, as well as additional complexity. 
If PRACH and PUSCH are transmitted in the same slot, the coverage of PUSCH will decrease. In our companion contribution [3], it has been shown when the time duration of PUSCH is one slot and payload size is 72 bits, the coverage of PUSCH is similar to the short preambles. When PRACH and PUSCH are in the same slot, the time duration of the PUSCH becomes smaller and the coverage of PUSCH will decrease, which then causes the coverage mismatch between PRACH and PUSCH. 
In addition, in the current PRACH configuration with short preambles, there will be multiple consecutive ROs in a slot. Then if PRACH and PUSCH are in the same slot, there will be overlap between 4-step PRACH and 2-step PUSCH, which has negative impact on the PRACH detection of the 4-step RACH and PUSCH decoding of the 2-step RACH. This is especially problematic in the case that ROs are shared between 2-step RACH and 4-step RACH. 
The only motivation to have the PRACH and PUSCH in the same slot seems to be in the NR-U case to save some possible additional LBT time. However, as mentioned in the WID, only after PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, necessary modification of 2-step RACH design for its application in NR-U would be identified and specified. So the design of 2-step RACH should not take NR-U case into consideration before the basic NR-U spec is finished. 
Proposal 4: Transmit PRACH and PUSCH in the same slot is not supported.

Mapping between PRACH and PUSCH
[bookmark: OLE_LINK72]PUSCH resource unit
It has been agreed that PUSCH resource unit (PRU) is defined as the PUSCH occasion and DMRS port / DMRS sequence used for an MsgA payload transmission. Whether to support one or both of DMRS port / DMRS sequence is to be further studied.
For a given PUSCH resource, support both DMRS ports and DMRS sequence can increase the number of available PRUs, resulting in much lower probability of PRU collision. In this case, even if the PRUs of two UEs have the same DMRS port, as long as they use different DMRS sequences, there is no PRU collision and the decoding performance of PRU could be very much improved. As shown in Figure 6, the PUSCH decoding performance with multiple DMRS sequence will be much better than that with single DMRS sequence. More evaluation results can be found in our companion contribution [4]. Therefore, both of DMRS ports and DMRS sequence for one PUSCH occasion should be supported.
Proposal 5: Both multiple DMRS ports and multiple DMRS sequences for one PUSCH occasion should be supported.
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	(a). TDLA-30ns, 1T2R, 2 preambles, 72 bits
	(b). TDLC-300ns, 1T2R, 2 preambles, 72 bits


Figure 6. PUSCH decoding performance with and without PRU collision

Mapping between preambles and PRUs
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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 7. Mapping between preambles and PUSCH resource unit
In general, there can be three possible mapping relations between preamble(s) and PRU(s):
· Case 1 – One-to-one mapping: one preamble is mapped with one PRU. 
· Case 2 – Many-to-one mapping: multiple preamble are mapped with one PRU. 
· Case 3 – One-to-many mapping: one preamble is mapped with multiple PRU. 
Case 1 has the least ambiguity to determine the PUSCH from a detected preamble, but it demands the same number of PRU s as the number of preamble, 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 of PRUs (especially DMRS ports) will be higher than that of PRACH units, and becomes the bottleneck of MsgA transmission. Actually, as mentioned in previous section, one PO can be divided into multiple PRUs with acceptable performance by using different DMRS ports and DMRS sequences. One can always configure a comparable amount of PRUs and preambles. Therefore, there is no need to support many-to-one mapping. Case 3 may benefit in the case of abundant PRUs, and then mapping multiple PRUs to one preamble can be used to indicate the MCS level and payload size. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]It has been agreed as a working assumption that at least one-to-one and multiple-to-one mapping between preambles in each RO and associated PRUs are supported. The decision was not made by after any evaluation campaign. Actually, in our companion contribution [4], the PUSCH decoding performance of one-to-one and many-to-one has been evaluated, and all the evaluated mapping schemes have the same total resource size. As shown in Figure 8, 1-to-1 mapping is always better than 2-to-1 mapping or 4-to-1 mapping. Therefore, the necessity to support multiple-to-one mapping should be further verified.
[bookmark: OLE_LINK8]Observation 6: One-to-one mapping between preamble and PUSCH is sufficient. There is no evidential benefits to support many-to-one mapping.
Proposal 6: Update the Working Assumptions to support one-to-one mapping between preamble and PUSCH resource for 2-step RACH. No support of many-to-one mapping unless there is evidential benefit verified.
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	 (a). TDLA-30ns, 1T2R, 4 preambles, 72 bits
	(b). TDLC-300ns, 1T2R, 4 preambles, 72 bits


Figure 8. PUSCH decoding performance with random active preambles

Mapping between RO group and PO group
As discussed previously, resource configuration for PO groups can reduce the signaling overhead. Similarly, the mapping between PRACH and PUSCH can be defined between RO group(s) and PO group(s), as shown in Figure 9. When there are multiple ROs in one or multiple consecutive slots, the ROs can be treated as one RO group. Given one RO group and the associated PO group, the mapping between preambles and PRUs can be further specified. The same mapping rule between preambles and PRUs can be applied for all the preambles in one RO group, so that signaling overhead can be further reduced. 
Proposal 7: Mapping between PRACH and PUSCH can be defined between PRACH occasion group(s) and PUSCH occasion group(s). 
[image: ]
Figure 9. Mapping between RO group and PO group

Mapping details
As discussed previously, the number of PRUs per PO depends on the number of DMRS ports and the number of DMRS sequences. Given a RO (group) and the associated PO (group), the number of preambles may not be equal to or divisible by the number of PRUs in the associated PO (group). In this case, there may have some preambles or PRUs left and unused for MsgA transmission. 
Consider one RO with 64 preambles associated with two POs, and each PO is configured with 36 PRUs, which can be realized by 12 DMRS ports and 3 DMRS sequences. Assume the mapping between preambles and PRUs is one-to-one. As the number of preambles is less than the total number of PRUs, there will be some PRUs unused, but which PRUs will be unused is not clear.
As shown in Figure 10(a), if the mapping is based on the index of preambles and PRUs, i.e., the preambles 0~35 will be mapped to the first PO and the preambles 36~63 will be mapped to the second PO, there will be 8 unused PRUs for the second PO, then the resource utilization of two POs is imbalanced. As shown in Figure 10(b), if the number of preambles per PO is defined or configured to be 32, there will be 4 unused PRUs for both POs and the resource utilization of two POs is balanced. Therefore, the number of preambles mapped to each PO should be pre-defined or configured. 
Actually, if the number of preambles mapped to each PO and the number of PRUs per PO are given, there is no need to define the number of preambles mapped to each PRU, since the value may not be a fixed number for the indivisible case and the mapping can be easily derived based on the number of preambles and PRUs per PO. Therefore, it is unnecessary to configure the number of preambles per PRU. 
Observation 7: The resource utilization of POs can be imbalanced if the number of preambles is not equal to or divisible by the number of PRUs.
Proposal 8: The number of preambles mapped to each PO should be predefined or configured.
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	(a). Mapping scheme 1
	(b). Mapping scheme 2


Figure 10. Example of mapping between preambles and PRUs

MCS and Time/Frequency Resource Size for PUSCH
Payload size
The configuration of MCS and time/frequency resource sizes for PUSCH is 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. 
According the evaluation results in [3], when payload size is 72 bits, the resource size can be 1 PRB and the maximum coupling loss (MCL) of payload is close to that of short preambles; when payload size is 1000 bits, the resource size is 6 or 12 PRB and the MCL of payload is much smaller than that of preambles, which is not reasonable for RACH procedures. Moreover, the results in [3] also show that even for 2 simultaneously transmitting UEs on the same PO, there is large link performance loss (defined as the required SNR to achieve the same BLER) to transmit a large payload than a small one. In other words, more UEs can be multiplexed in the same PO when the payload size is small, and thus improve the resource utilization of MsgA PUSCH, as also analyzed in [5].
Proposal 9: Support payload size of 56 and 72 bits for 2-step RACH MsgA, FFS other payload size.
MCS level
Given the TBS, proper MCS level and time/frequency resource size can be selected. According to the link-budget analysis in [3], for a given payload size (i.e., TBS) simulated, different time/frequency resource size (i.e., different MCS) can have similar MCL. Therefore, 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. As mentioned in the PUSCH resource configuration section, time/frequency resource size in same PO group should be the same to facilitate the resource configuration. Different PO group can have the different time/frequency resource size.
In order to let the gNB know the MCS level before decoding the MsgA PUSCH, a mapping between the supported MCS levels and the preamble or PRU could be pre-configured. For example, the preambles are divided into several groups, and each group is mapped to a certain MCS level. Then the gNB can determine the MCS level based on preamble detection before PUSCH decoding. Similarly, the mapping between the supported MCS levels and the DMRS ports of the MsgA PUSCH can also serve the purpose. The gNB can determine the PUSCH resource based on the preamble detection, and further determine the MCS value based on DMRS detection. 
Proposal 10: The number of supported MCS levels should be limited, FFS the mapping between MCS levels and preamble/DMRS ports. 

Frequency resource allocation
In Rel-15, the frequency resource allocation of PUSCH is based on the corresponding UL BWP. For 2-step RACH, the frequency resource allocation of MsgA PUSCH can be limited to the bandwidth of PRACH, as shown in Figure 11. If MsgA PUSCH and PRACH are in the same bandwidth, the receiver complexity can be lower for gNB, and PRACH preamble can be used to enhance the channel estimation performance. On the other hand, as the bandwidth of PRACH is usually smaller than UL BWP, the overhead of frequency domain resource allocation can be also lower.  
Proposal 11: Frequency resource of MsgA PUSCH can be limited to the bandwidth of PRACH. 
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Figure 11. Bandwidth for frequency resource allocation

Other issues of MsgA Transmission
Timing control
In Rel-15 NR, a timing advance value  is assumed for PRACH transmission no matter the UE has valid TA or not. This is because gNB is unknown about whether the UE has valid TA or not and should assume the TA is larger than 0. If the UE can adjust the TA for PRACH transmission, the relative TA between the actual TA and the adjusted TA can be less than 0, then gNB may make wrong decision on which preamble is transmitted and random access procedure will fail. For 2-step RACH, the same situation still exists. If  is assumed for PRACH transmission, the TA for the associated PUSCH should be the same as PRACH. In this case, gNB can determine the timing of PUSCH according to the detection of PRACH.
Proposal 12: The timing for MsgA PRACH and PUSCH transmission should be both assumed as . 
Scrambling Sequence
For the transmission of MsgA PUSCH, the generation of scrambling sequences for PUSCH should be specified, which is determined by UE-ID and configured scrambling ID for NR PUSCH. Since it is contention-based random process, UE-ID is unknown to gNB before PUSCH decoding. In this case, the RA-RNTI can be applied instead, which is related to the time/frequency resource of MsgA PRACH. In addition, the DMRS port index of MsgA PUSCH can also be considered to further randomize PUSCH from different UEs. 
On the other hand, configured scrambling IDs as in NR PUSCH/DMRS can also be considered, which makes the system design more flexible. In one aspect, if multiple scrambling IDs or roots are configured for the sequence generation of DMRS, there will be more distinguishable DMRS ports in one PUSCH occasion, which can greatly improve the resource utilization of MsgA PUSCH, according to the analysis in [5]. In another aspect, if a scrambling ID is configured for a PUSCH, the scrambling sequence will be independent of any network identity, which leads to a more efficient and low-latency way to change the TRPs and support the mobility across areas.   
Proposal 13: RA-RNTI, DMRS port index, and configurable scrambling ID(s) can be considered for the generation of the scrambling sequence for MsgA PUSCH.

Numerology, Waveform, and BWP
In RAN1#96bis, the agreement has been achieved that the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission when the PRACH and PUSCH are in different slots. If support the PRACH and PUSCH in the same slot, there are three options for the numerology of PUSCH. However, as discussed in the previous section, PRACH and PUSCH in the same slot would cause the problem of PRACH and PUSCH collision and should not be supported, so the condition of the agreement that “PRACH and PUSCH are in different slots” can be removed.
In principle, the procedure of BWP operation for 2-step RACH can follow that for 4-step RACH. To avoid the overhead of BWP switching, PRACH and PUSCH of MsgA should be transmitted on the same UL BWP. The details of BWP operation can be further discussed in RAN2.   
The configuration of waveform for MsgA PUSCH can be similar as msg3 in 4-step RACH, or can follow the same configuration of msg3 in 4-step RACH.
Proposal 14: The numerology of MsgA PUSCH should be the same as the BWP for MsgA transmission.

UCI Piggyback
Companies are considering UCI piggyback in the payload of MsgA. There are different opinions for the contents of UCI. One is the CSI and/or HARQ-ACK bits as in current Rel-15, and the other is parameter indication bits related to the uplink transmission. 
For CSI and/or HARQ-ACK, it is only for RRC_CONNECTED state. Since the CSI and/or HARQ-ACK is configured in a user-specific way, and the number of UCI bits can be different among UEs. For contention based 2-step RACH, the UE-ID is unknown before the PUSCH decoding, and the number of UCI bits is also unknown. Therefore, how to transmit the UCI of CSI and/or HARQ-ACK should be further studied. 
UCI can also be used to indicate the parameters of uplink transmission, e.g., MCS levels, time/frequency resource, HARQ process ID, new data indicator. In this case, UCI and payload data should be separately encoded, and the gNB will have to decode the UCI prior to the PUSCH decoding. Once the UCI decoding fails, the whole PUSCH decoding is then in vain. On the other hand, there will not be too many choices of payload size, MCS levels, time/frequency resource size for 2-step RACH. If the parameters are pre-configured by the gNB, there is no need to transmit UCI bits. If there are multiple choices for the parameters, it can also be indicated with preamble index and/or DMRS ports of MsgA PUSCH. Thus, whether to transmit UCI to indicate the parameters of uplink transmission needs further investigation. 
Proposal 15: UCI piggyback in MsgA PUSCH needs to be further studied.

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: Separate configuration of POs and ROs can achieve good flexibility and reduced overhead.
Observation 2: Resource configuration for PO groups can reduce the signaling overhead.
Observation 3: Given the different formats of PRACH and different possible numerology of PUSCH, using a specification fixed value to define the relation between PO and RO is too restrictive.
Observation 4: Using a single configured value to define the relation between ROs and POs is not flexible, while using multiple offsets values increases overhead.
Observation 5: In the TDD case, Option 1 with separation PUSCH resource configuration is more flexible than Option 2 with relative location based PUSCH resource configuration.
Observation 6: One-to-one mapping between preamble and PUSCH is sufficient. There is no evidential benefits to support many-to-one mapping.
Observation 7: The resource utilization of POs can be imbalanced if the number of preambles is not equal to or divisible by the number of PRUs.
Proposal 1: PUSCH occasion groups can be defined for PUSCH resource configuration.
Proposal 2: Option 1 with separate PUSCH resource configuration from PRACH resource is supported.
Proposal 3: PUSCH configuration period can be the same or different from PRACH configuration period.
Proposal 4: Transmit PRACH and PUSCH in the same slot is not supported.
Proposal 5: Both multiple DMRS ports and multiple DMRS sequences for one PUSCH occasion should be supported.
Proposal 6: Update the Working Assumptions to support one-to-one mapping between preamble and PUSCH resource for 2-step RACH. No support of many-to-one mapping unless there is evidential benefit verified.
Proposal 7: Mapping between PRACH and PUSCH can be defined between PRACH occasion group(s) and PUSCH occasion group(s). 
Proposal 8: The number of preambles mapped to each PO should be predefined or configured.
Proposal 9: Support payload size of 56 and 72 bits for 2-step RACH MsgA, FFS other payload size.
Proposal 10: The number of supported MCS levels should be limited, FFS the mapping between MCS levels and preamble/DMRS ports. 
Proposal 11: Frequency resource of MsgA PUSCH can be limited to the bandwidth of PRACH. 
Proposal 12: The timing for MsgA PRACH and PUSCH transmission should be both assumed as . 
Proposal 13: RA-RNTI, DMRS port index, and configurable scrambling ID(s) can be considered for the generation of the scrambling sequence for MsgA PUSCH.
Proposal 14: The numerology of MsgA PUSCH should be the same as the BWP for MsgA transmission.
Proposal 15: UCI piggyback in MsgA PUSCH needs to be further studied.
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Appendix
RAN1#96 agreements [1]: 
[bookmark: _GoBack]Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP, reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)

RAN1#96bis agreements [2]:
Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.
· 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
Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis
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