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Introduction
In the RAN1 meetings during this spring a number of agreements on the 2-step RACH work item [1] have been reached. These agreements and working assumptions from RAN1#96 [2], RAN1#96bis [3], and RAN1#97 [4] are listed in the appendix of this document for reference.
A number of the agreements from RAN1#97 contains some FFS points which will be discussed in this document. Further, we will provide some further discussion on topics that need further consideration for the progression of the work item.
Discussions
Details of MsgA PUSCH configuration 
In terms of the discussions related to the channel structure, it seems that the main open item is related to whether the associated PUSCH Occasions should be configured separately from the PRACH Occasions (option 1) or if the PUSCH Occasions should be configured with a relative offset to the PRACH Occasions (option 2). As already discussed in our contribution from RAN1#97 [5], it is possible to configure the two options to provide the same set of resources for the 2-step RACH procedure. However, as shown in [5] the added flexibility of option 1 will potentially lead to a significant overhead in the amount of configuration signalling. In case there are independent configurations, there may be situations where there is no match between amount of PRACH Occasions and PUSCH Occasions, leading to either confusion of association between PRACH Occasions and PUSCH Occasions or non-used Occasions in either the PRACH domain or in the PUSCH domain. Further, maximum delay that any RACH procedure would take under either of the two options would be limited by the maximum periodicity of either the PRACH Occasion or the PUSCH Occasion. For these reasons it would be preferable to have the PUSCH Occasions being configured relative to the PRACH Occasions as outlined in option 2.
Observation 1: Having separate configuration for PRACH Occasions and PUSCH Occasions of MsgA can increase the amount of configuration signalling.
Proposal 1: Perform a selection between the two options for PRACH configuration for 2-step RACH such that only one option is supported.
Proposal 2: For the configuration of PUSCH Occasions it is preferred to have the location of the PUSCH Occasion in time and frequency configured relative to the location of the corresponding PRACH Occasion or PRACH slot (option 2).
Irrespective of which configuration option is chosen, there are a number of open FFS from the RAN1#97 meeting, which will shortly be discussed in the following.
The first open point is “FFS whether or not support repetitions for msgA PUSCH”. In current RACH procedure design for NR it is not possible to have repetitions configured for Msg3 transmissions. It should be noted that in case MsgA PUSCH should have the possibility for repetitions, such operation would significantly increase the overhead needed for the 2-step RACH procedure. Any MsgA PUSCH resources that are configured for the 2-step RACH operation will have to be reserved from system point of view and would increase the system overhead with marginal benefit.
Proposal 3: MsgA PUSCH should not support repetition.
The second open item is “FFS bandwidth of PRB-level guard band or duration of guard time”. When observing the work item description [1], there is strict RAN plenary guidance through the following: “	No new CP length and no sub-PRB guard subcarrier(s)”. Based on this, it would be natural to consider any guard bands or guard time to be applied with the granularity of either PRBs for the frequency domain or symbols for the time domain. With respect to the frequency domain, a guard band of a single PRB should be sufficient for ensuring gNB possibility for filtering the MsgA PUSCH from regular scheduled PUSCH transmissions. For some cases the gNB may have capability of handling concurrent UL transmissions with no guard band between MsgA PUSCH and scheduled PUSCH, and for such cases it would be beneficial to support no guard band to reduce the associated overhead of the 2-step RACH configuration.
Proposal 4: Support the configurable existence of a frequency domain guard band of at maximum 1 PRB.
In the time domain the configurability for guard time need to take into consideration the fact that various cell sizes may need to be supported. If only a single guard time is available, this would need to take into account all possible cell sizes, which would lead to a significant guard time to be needed to ensure protection against inter-symbol interference and inter-carrier interference. However, for smaller cells it would be more beneficial from system overhead point of view to be able to support much smaller guard time to accommodate for the potential propagation delay within the cell range. Preferably, there should be some granularity for the gNB to configure according to various cell sizes, including the possibility for configuring for no guard time. Hence, we propose the following:
Proposal 5: Support a gNB configurable guard time with the following range: {0, 1, 2, 4, 6, 8, 12, 16} symbols.
The third open item is “FFS PUSCH mapping type”, which basically means whether the MsgA PUSCH transmission should support mapping type A, mapping type B or both. As existing PUSCH scheduled by MAC RAR allows for both PUSCH mapping types to be configured (with PUSCH mapping type A being the default), there seem to be no reason to abandon this principle.
Proposal 6: Support MsgA PUSCH mapping type A and type B for 2-step RACH.
Under the assumption that the PUSCH Occasions are configured relative to the PRACH Occasions, there is an additional set of points for further study. The first of these is within the agreement of a single time offset being provided, and is “FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc”. When defining the relative offset there are basically two options available; using the start or the end of the PRACH slot. As the end result would be the same no matter which point is used as reference, the selection of the preferred configuration method is mainly related to how the configuration is provided. If the offset configuration is provided relative to the start of the first configured PRACH slot within a set of consecutive PRACH slots, it will be independent on the amount of PRACH resources configured. For cases where the offset configuration is relative to the end of the PRACH slot, there will be further complexity in evaluating the actual offsets to be used for determining the PUSCH Occasions. Hence, we propose the following:
Proposal 7: Offset between PRACH Occasion and PUSCH Occasion is defined relative to the start of subframe or 60 kHz slot, in case there are 2 PRACH slots in the subframe or 60 kHz slot
Correspondingly, for the frequency domain offset that would need to be indicated, there are two options for operation. Either the offset for the PUSCH is provided with reference to the first RO in the frequency domain, thereby utilizing the existing information as an anchor point for further reference. The alternative would be to provide the indication of the PUSCH Occasion with reference to the lowest PRB of the active BWP. The latter solution would avoid use of negative numbers, while the former would allow the frequency relation to follow any configuration for the RO. For simplicity it would be a preference to have the MsgA PUSCH Occasion frequency offset defined with reference to the first PRB of the active BWP.
Proposal 8: MsgA PUSCH frequency offset is defined relative to the first PRB of the active BWP.
An additional aspect that is under consideration is the indication of the configuration of the number of symbols per PO, where it is “FFS explicit or implicit indication”. To allow for maximum network control of the assigned resources and the configuration of these it would be preferable to be able to configure and indicate the number of symbols for each PO. Such signalling would hence need to be provided explicitly. The number of POs that can be time domain multiplexed should have the capability to fit into full slots to allow for the gNB to adjust the offered capacity for the PRACH transmissions. Since each PO will take a number of symbols, it should be possible for the gNB to configure the POs and their time duration such that a full number of POs can fit within a slot (potentially allowing a transmission gap in case the numerology does not fit slot boundaries). According to simulation results shown in [8], each PUSCH MsgA will require some physical resources to be able to carry 72 bits, where at least resources corresponding to 2 full PRBs are needed to meet a SINR requirement of 0 dB. It should be noted that for such cases it may still be a possibility to multiplex a few UEs using separate DMRS ports. If short PO are needed for the sake of supporting low latency for analog beam sweeping, it may be beneficial to widen the frequency span and shorten the time domain duration of the PO. However, it should be noted that the reference signal overhead may significantly increase in case POs shorter than 7 symbols are used. As a compromise it may be justified to have at maximum 3 TDMed POs within a slot. Since the configured resources for PO may span multiple slots, there should be the possibility to have several consecutive UL slots reserved for PUSCH MsgA transmission. 
Proposal 9: The number of symbols for each PO is indicated through explicit indication.
Proposal 10: The number of TDMed POs within a slot is configurable within the range from 1 to 3.
Proposal 11: The number of consecutive slots that may carry TDMed POs should be configurable

Considerations related to support for multiple MsgA PUSCH Configurations
During the RAN1#97 meeting only the main agreement of supporting multiple MsgA PUSCH configurations was reached, while remaining details on exact operation was left for further study. The design of the MsgA PUSCH configuration would depend heavily on the targeted operation. According to our understanding, the various MsgA PUSCH configuration options would be provided to allow for flexibility in UE to selecting transmission configuration according to one or more of the following; channel conditions including coverage situation, MsgA payload size, 2-step RACH trigger, etc. Since each of the transmission conditions might have different reasoning, it would provide best flexibility for the gNB to configure each MsgA PUSCH configuration as independent entities. Hence, we would propose the following:
Proposal 12: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations.
Related to how the UE would indicate to the gNB which PUSCH Configuration is used for its transmission, the RAN1#97 study points indicates a number of options for this. These are through different RO, different preamble group or by UCI. Using different RO for the indication would potentially force the gNB to reserve a full set of PRACH for each potential UL transmission configuration for MsgA, which might lead to significant resource reservation. On the other hand, having a single RO where the different configurations are indicated through the preamble group might cause a segmentation of the total set of preambles into relatively small sets of preambles, which in turn increases the probability for preamble collision significantly. As a compromise solution, one could consider to use preamble groups for situations where only few MsgA PUSCH configurations are provided, while for situations with multiple PUSCH configurations, the gNB might have benefit from additional assistance information through UCI, where the UE provides indication of the actual MsgA PUSCH configuration used.
Proposal 13: When up to two MsgA PUSCH configurations are provided, use preamble groups to indicate which PUSCH configuration is used.
Proposal 14: With three or more MsgA PUSCH configurations, use UCI to indicate the configuration used for the transmission.
Operation of MsgA PUSCH Configurations
Yet another open point is whether the frequency domain allocation for the MsgA PUSCH transmission should be confined to the bandwidth of the PRACH. As this point of transmission, the UE would be operating with an active BWP configuration, so its output bandwidth should already be tuned to the active BWP. Hence, it would an unnecessary limitation to put on the system that the PUSCH bandwidth should follow the bandwidth of the PRACH. Further, since the PUSCH may potentially carry relatively large payload messages, the PUSCH may potentially need much more physical resources to be able to support transmission with a given payload size and under given radio conditions. Given this, there would be some situations where the required bandwidth of the PUSCH transmission would need to exceed the bandwidth of the PRACH transmission.
Proposal 15: MsgA PUSCH bandwidth may be larger than the PRACH bandwidth.
In terms of the validation rule for the MsgA PUSCH, it would be logical to follow the general principles of the validation rules for the PRACH Occasions for Rel-15, as outlined in section 8.1 of 38.213. Here, there limitations to the validity of the PRACH Occasion for the unpaired spectrum, where limitations such as availability of UL symbols and limitations related to SS/PBCH block timing are applied to determine whether a PRACH Occasion is valid or not. As there are now two UL transmission instants (the PRACH and the PUSCH occasions), there is one further potential conflict which needs to be addressed. If the MsgA PUSCH occasions are colliding with the PRACH Occasions, it would be natural to let the PRACH Occasions take priority, as this would allow for the transmission of preambles, even that the payload would potentially not be transmitted. Such operation would allow for 4-step RACH operation, so the PRACH Occasions should take priority over any added functionality of the 2-step RACH. Further, there could be situations with separate configurations for 2-step and 4-step procedure, where the PRACH Occasions are on colliding. For such cases, the resource configuration for 4-step procedure should take priority to allow for the most robust operation of the system. 
Proposal 16: Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
Proposal 17: If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority.

DMRS port discussion
In the RAN1#97, there was a discussion on whether to support DMRS sequences in addition to DMRS ports. This follows from the FFS point from RAN1#96bis: “support only one or both of DMRS port / DMRS sequence”. In this section, we consider whether there is a necessity to support DMRS sequences in addition to DMRS ports.
In release 15, there are two types of DMRS ports for PUSCH as described in section 6.4.1.1.3 of TS 38.211[7]:
· Configuration type 1, this has 8 DMRS ports when using double DMRS symbols.
· Configuration type 2, this has 12 DMRS ports when using double DMRS symbols.
DMRS ports are orthogonal to each other. In addition to DMRS ports, different DMRS pseudorandom sequences can be used with a different initialization seed as described in section 6.4.1.1.1.1 of TS 38.211[7]. The pseudorandom sequences are used with CP-OFDM waveform and are not orthogonal to each other.
In our companion Tdoc [8] presenting simulation results and analysis, we show that with two users colliding in the same PUSCH occasion with different pseudorandom sequences on the same port, the performance can be up to 1 dB worse than the performance when two users collide on different DMRS ports.
With DMRS ports and DMRS sequences, there are more degrees of freedom to assign distinct DMRS port/DMRS sequence pairs to users. Each DMRS port/DMRS sequence pair is known as a PUSCH Resource Unit (PRU). For example, assuming configuration type 1 with 8 DMRS ports, 2 sequences per port, there are 8x2 =16 distinct sequences that can be assigned to users in a PUSCH occasion, i.e. 16 PRUs per PO. The question is whether there is a need to support such many sequences and when does increasing the number of sequences available provides dimensioning returns. To answer this question, we consider the following examples.
Assume that there is a total of 4 POs available. The system is designed to operate with a BLER of 1% when a single user is transmitted in the PO, the BLER increases when more than one user is transmitted in the PO with different DMRS ports as shown in Table 1. If two users collide in the same PO and use the same DMRS port, the BLER is 100%. The arrival rate of the preamble follows a Poisson distribution with rate λ.
[bookmark: _Ref16167675]Table 1: BLER when multiple users collide on different DMRS ports.
	Number of PUSCH per PO with different DMRS ports
	BLER

	1
	1%

	2
	4%

	3
	15%

	>= 4
	100%



In example 1, there are 32 preambles mapped to the 4 POs, i.e. each PO has 8 preambles mapped to it. Four scenarios are considered:
· 1 PRU per PO, i.e. all 8 preambles are mapped to the same PRU.
· 2 PRUs per PO, i.e. each 4 preambles are mapped to the same PRU.
· 4 PRUs per PO, i.e. each 2 preambles are mapped to the same PRU.
· 8 PRUs per PO, i.e. each preamble is mapped to a different PRU.
Figure 1 shows the error rate as a function of the rate of arrival. As the number of PRUs per PO increases, the incremental benefit of having more PRUs decreases.
[image: ]
[bookmark: _Ref16170749]Figure 1: Error rate vs rate of arrival λ with 8 preambles mapped to a PUSCH occasion (PO) and various number of PUSCH Resource Units (PRUs) per PO.
In example 2, there are 64 preambles mapped to the 4 POs, i.e. each PO has 16 preambles mapped to it. Four scenarios are considered:
· 2 PRUs per PO, i.e. each 8 preambles are mapped to the same PRU.
· 4 PRUs per PO, i.e. each 4 preambles are mapped to the same PRU.
· 8 PRUs per PO, i.e. each 2 preambles are mapped to the same PRU.
· 16 PRUs per PO, i.e. each preamble is mapped to a different PRU.
Figure 2 shows the error rate as a function of the rate of arrival. Here also we see that as the number of PRUs per PO increases the incremental benefit of having more PRUs decreases. In fact, in this case, there is little performance gain in going from 8 PRUs per PO to 16 PRUs per PO.
[image: ]
[bookmark: _Ref16170763]Figure 2: Error rate vs rate of arrival λ with 16 preambles mapped to a PUSCH occasion (PO) and various number of PUSCH Resource Units (PRUs) per PO.

Observation 2: As the number of PRUs per PO increases the incremental benefit of having more PRUs decreases.
Having 8 or 12 PRUs per PO supported by 8 or 12 DMRS ports (depending on the DMRS configuration type) and a single DMRS sequence, is enough. Increasing the number of PRUs beyond that provides dimensioning return.
Proposal 18: The PUSCH Resource Unit (PRU) within a PUSCH occasion (PO) is only determined by the DMRS port.

Preamble mapping
At the previous meetings in RAN1, there were some discussions as to which preamble mapping should be applied. The current working assumption is that “both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported”
With one-to-one mapping the PUSCH resource reservation can be high, as each preamble would require a sperate PUSCH resource unit. Consider a scenario with 64 SSBs, each RO contains preamble associated with 4 SSBs. In this case, there is a total of 16 ROs to cover all 64 SSBs. With each RO containing 64 preambles, there are a total of 1024 preambles. In the case of one-to-one mapping, the total number PUSCH Resource units required is 1024 PUSCH resource units. If each PUSCH Occasion has 8 PUSCH resource units, the number of PUSCH Occasions is 128. If each PUSCH Occasion has 16 PUSCH resource units, the number of PUSCH Occasions is 64. In either case the PUSCH resource reservation is quite high, and these will be blocked from system perspective and cannot be used for any other purpose. Hence, it would be beneficial to have the possibility to configure the reserved uplink resources.
In case of multiple-to-one mapping, multiple preambles (e.g. P preambles) are mapped to the same PUSCH resource unit. Using example as that of the previous paragraph, and with P=4, if each PUSCH Occasion has 8 PUSCH resource units, the number of PUSCH Occasions is 32. If each PUSCH Occasion has 16 PUSCH resource units, the number of PUSCH Occasions is 16. With multiple-to-one mapping, the number of preambles mapped to the same PUSCH resource unit, P, can be a configurable value, with P=1 being a special case corresponding to one-to-one mapping of preambles to PUSCH resource units
Proposal 19: Confirm the working assumption from RAN1#96bis on the mapping of preambles to PUSCH resource units, with multiple-to-one being supported with P preambles mapping to 1 PUSCH resource units.
· Further study the allowed values of P.
Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble (see our companion contribution[9]). For example, if preamble x1 and x2 corresponding to the same PUSCH resource unit are received, the PUSCH transmission corresponding to preamble x1 is received on narrow beam b1, while the PUSCH transmission corresponding to preamble x2 is received on narrow beam b2, the PUSCH transmissions are spatially separated in the receiver and can be decoded with minimal interference on each other.
Proposal 20: Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble.
Alternatively, it is possible to map preambles corresponding to different SSBs and/or different ROs to the same PUSCH resource unit. As the PUSCH transmission of each preamble corresponds to a different SSB beam direction, the PUSCH transmissions are spatially separated in the receiver and can be decoded with minimal interference on each other.
To illustrate the mapping with a simple example, consider 2 PRACH Occasions, and 4 PUSCH Occasions, as shown in Figure 3. Each PRACH Occasion has 64 preambles, and 2 SSBs are mapped to a PRACH Occasion. Each PUSCH Occasion has 8 PUSCH Resource units. In total there are 4 SSBs across the 2 ROs, each SSB has 32 preambles. The preambles of each SSB are divided into 4 groups with 8 preambles per group. Each group is mapped to a different PUSCH Occasion, where each preamble within a group is mapped to PUSCH resource unit. In this example, there are a total of 128 preambles, and 32 PUSCH resource units, each PUSCH resource unit as 4 preambles mapped to it associated with different SSBs.


[bookmark: _Ref16798255]Figure 3: Mapping preambles within ROs and associated with SSBs to PUSCH Occasions.
Proposal 21: Preambles corresponding to different SSBs and/or ROs can be mapped to the same PUSCH resource unit.
If the 2-step RACH procedure is configured for multiple-to-one operation, there is still a risk of collision on a PUSCH Resource Unit. Such risk of collision would be controlled by the network through the value of P, and the effect of such collisions would potentially be marginal, as fall-back procedures would anyway capture such cases as also discussed in our earlier contribution [6].

[bookmark: _GoBack]Payload size support
During the past few meetings there has been a discussion as to which payload sizes should be supported. In our companion contribution [8], simulation results have been provided, where it is observed that increasing the payload size significantly beyond 72 bits would cause a corresponding increase in the needed physical resources for successful transmission of the PUSCH part of MsgA. As an example, a payload size of 408 bits would require at least 6 PRBs to ensure a BLER of at most 1% for a SINR at 0.3 dB for a single UE allocation within each resource. According to these simulations it is possible to multiplex two UEs different antenna ports or DMRS sequences with an increase in SINR requirements of up to 0.8 dB. Increasing number of UEs further would significantly worsen the performance of the detection reliability. Hence, we would assume that at most two UEs are multiplexed for PUSCH MsgA transmissions using either separate DMRS ports or DMRS sequences.
With a requirement of 6 PRBs (effectively 3 PRBs using multiplexing of two UEs within the same resources using DMRS for separation) for transmission of 408 bit payloads, the total resource overhead for PUSCH MsgA transmissions will become significant.
With 2-step RACH support for 32 preambles and one-to-one mapping between preamble and PUSCH resource for MsgA transmission, a total of 96 PRBs would have to be reserved and blocked from any other uplink use. With PUSCH MsgA resources being available using a periodicity of 10 or 20 ms, within a 20 MHz bandwidth, the reserved resources for this operation would be 10% or 5% respectively. One could argue that larger periodicities could be applied to reduce the associated overhead for resource reservation, but such larger periodicities would map into corresponding larger access delays, which in turn would be in contrast to the target of reducing the access delay by using 2-step RACH procedure.
Based on the above discussion it is therefore proposed to limit the supported payload size to 72 bits.
[bookmark: _Hlk16846314]Proposal 22: Prioritize the maximum PUSCH MsgA payload size to 72 bits.

Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: Having separate configuration for PRACH Occasions and PUSCH Occasions of MsgA can increase the amount of configuration signalling.
Proposal 1: Perform a selection between the two options for PRACH configuration for 2-step RACH such that only one option is supported.
Proposal 2: For the configuration of PUSCH Occasions it is preferred to have the location of the PUSCH Occasion in time and frequency configured relative to the location of the corresponding PRACH Occasion or PRACH slot (option 2).
Proposal 3: MsgA PUSCH should not support repetition.
Proposal 4: Support the configurable existence of a frequency domain guard band of at maximum 1 PRB.
Proposal 5: Support a gNB configurable guard time with the following range: {0, 1, 2, 4, 6, 8, 12, 16} symbols.
Proposal 6: Support MsgA PUSCH mapping type A and type B for 2-step RACH.
Proposal 7: Offset between PRACH Occasion and PUSCH Occasion is defined relative to the start of subframe or 60 kHz slot, in case there are 2 PRACH slots in the subframe or 60 kHz slot
Proposal 8: MsgA PUSCH frequency offset is defined relative to the first PRB of the active BWP.
Proposal 9: The number of symbols for each PO is indicated through explicit indication.
Proposal 10: The number of TDMed POs within a slot is configurable within the range from 1 to 3.
Proposal 11: The number of consecutive slots that may carry TDMed POs should be configurable
Proposal 12: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations.
Proposal 13: When up to two MsgA PUSCH configurations are provided, use preamble groups to indicate which PUSCH configuration is used.
Proposal 14: With three or more MsgA PUSCH configurations, use UCI to indicate the configuration used for the transmission.
Proposal 15: MsgA PUSCH bandwidth may be larger than the PRACH bandwidth.
Proposal 16: Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
Proposal 17: If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority.
Observation 2: As the number of PRUs per PO increases the incremental benefit of having more PRUs decreases.
Proposal 18: The PUSCH Resource Unit (PRU) within a PUSCH occasion (PO) is only determined by the DMRS port.
Proposal 19: Confirm the working assumption from RAN1#96bis on the mapping of preambles to PUSCH resource units, with multiple-to-one being supported with P preambles mapping to 1 PUSCH resource units.
· Further study the allowed values of P.
Proposal 20: Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble.
Proposal 21: Preambles corresponding to different SSBs and/or ROs can be mapped to the same PUSCH resource unit.
Proposal 22: Prioritize the maximum PUSCH MsgA payload size to 72 bits.
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A	Appendix
In RAN1#96 [2], the following agreements related to the 2-step RACH structure were made:

R1-1903435
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· 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
Agreements:
· 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)

In RAN1#96bis [3], the following agreements related to the 2-step RACH structure were made:
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
Agreements:
· 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.

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

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

R1-1905878
Agreements:
· Adopt the following table for the link-level evaluation:
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH mapping type
	14, Type A;
[6], Type B as optional

	1) Total Number of PRBs for msgA PUSCH
Or 
2) number of PRBs per PUSCH occasion 
Note: either of them should be aligned for scheme comparison
	[6, 12]
Or 
[1,2,3]

	PUSCH DMRS overhead
	[2 or 3] DMRS symbols

	Frequency hopping for msgA PUSCH
	Company report, enabled/disabled

	Preamble format
	Format 0/[A1]; [32, 64] preambles in each RO.
Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or can be reported
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)
FFS: interference from the adjacent PUSCH resource occasion, including how to model relative SINR, timing, etc.

	TBS
	1) 56 72 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size



In RAN1#97 [4], the following agreements related to the 2-step RACH structure were made:

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

R1-1907903	Feature lead summary#3 for 2-step RACH channel structure	ZTE
Decision: The document is noted.

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.
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