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Introduction
It is remarked in WID [1] that channel structure of msgA is preamble and PUSCH carrying payload, wherein the Rel.15 NR preamble design will be reused, and the PUSCH design for payload transmission will also follow the Rel.15 NR. In RAN1#96 meeting, discussions are initiated on the main issues such as PUSCH resource allocation, PRACH resource configuration for 2-step RACH and waveform/numerology configuration of msg A, etc. Some agreements were achieved as follows.

Agreements:
· PUSCH occasion for 2-step RACH is defined as
· The time-frequency resource for payload transmissions
· 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 (i.e., 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
· i.e., when short preamble is used (L=139)
Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH


In this contribution, further details regarding the configuration of msgA PUSCH resource and mapping between PRACH preamble and PUSCH+DMRS are elaborated, together with the supported payload size and MCS for msgA PUSCH. Moreover the design for msgA in NR-U is discussed.

Channel structure for msgA
Resource allocation for PUSCH occasion(s)
Two methods of configuration for PUSCH occasion of msgA transmission were discussed. Opt 1: separate configuration, Opt 2: configuration based on relative location.

PUSCH occasion(s) are separately configured
In case the PUSCH occasions (PO) are separately configured from RACH occasions (RO), reusing the resource allocation for NR configured grant is preferred in principle [2], i.e. by moving the configuration fields from RRC messages to SI messages. 
Once the PUSCH occasions are periodically configured, the association between RACH occasions and PUSCH occasions needs to be defined for a msgA transmission. In general there could be three different association rules between RO and PO:
1) Each RO is associated with one PO
This is a natural case that a UE select the preamble from the RO will use the associated PO for the payload transmission. It would be also preferred that the configured PO has the same periodicity with that of PO, and the timing between the associated RO and PO should not be too large, otherwise the beneficial of 2-step RACH in terms of latency would be vanished.
2) Each RO is associated with multiple POs
This could be useful in case various payload sizes or multiple MCS (modulation orders) are supported, or to reduce the probability of DMRS collision. A simple solution is to have multiple configurations of POs by using configured grant, e.g. with the same periodicity but different offsets, or with the same periodicity and offset but different PRBs.
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1) A example in case each RO is associated with one PO
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2) A example in case each RO is associated with multiple POs

Figure 1. Resource allocation for PUSCH occasion(s), separately

3) Multiple ROs are associated with one PO
This could be possible if the number of configured PO is less than RO within a period, e.g. to save the reserved resource overhead. However, the potential number of UEs shared on the same PO would be increased and the decoding performance of msgA payload cannot be guaranteed. It would be preferred to have multiple configurations of POs to make sure that each RO is associated with at least one PO.

Proposal 1: Prioritize the msgA channel structure design that each RO is associated with one or multiple POs.

Relative location of PUSCH occasion with respect to the associated PRACH occasion

Another method for PUSCH occasion of msgA transmission is to configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion. 
Among the alternatives of configurations of relative locations, Alt.4 has the best flexibility, i.e. 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. First, it allows to have one RO associated with multiple POs. Second, if multiple ROs are configured within a period and each RO is associated with one dedicated PO, Alt.4 allows to have flexible multiplexing among ROs and POs, e.g. ROs are FDMed while POs are TDMed, or ROs are TDMed while POs are FDMed.
As long as each RO is associated with one or multiple POs, the offsets can be denoted as:


= Common_delta_T + additional_delta_T,

= Common_delta_F + additional_delta_F,

Where, as illustrated in Figure 2, Common_delta_T and Common_delta_F are the time offset and frequency offset between the nearest (in time or frequency) PUSCH occasion and the associated RO, which can be semi-statically configured based on the use cases and UE capability. An additional time/frequency offset can be added as a function of the index of PUSCH occasion, in case multiple POs are associated with one RO. Details on the additional_delta_T/delta_F will be discussed in Section 2.2.
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Figure 2. Resource allocation for PUSCH occasion(s), relatively

Proposal 2: Prioritize Alt.4 for the design of relative location between PUSCH occasion(s) and the associated PRACH occasion.

Detailed mapping between PRACH preamble and PUSCH occasion+DMRS
In this section, we further discuss detailed mapping between PRACH preamble and PUSCH resource + DMRS. 
For contention-based RA, when more than one UEs transmit preambles in the same RO, they may or may not transmit payload in the same PUSCH occasion, One way to minimize the PUSCH collision (which means sharing the same PUSCH occasion) and DMRS collision (which means different UEs select the same PUSCH occasion and the same DMRS port) is to allocate multiple PUSCH occasions (orthogonal) to be associated with the preambles in one PRACH occasion. While on the other hand, the code rate is enlarged under if we do not allocate more total reserved resources associated with a RO. Therefore, it is necessary to have some evaluations on the link performance regarding the number of PUSCH occasions associated to one RO. 
The following four cases of mapping are considered for the evaluations, as illustrated in figure 4.
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Figure 4. Possible mapping between preambles and PUSCH occasions.
(1)All the preambles are mapping to a PUSCH occasion; (2) 2 sets of preamble mapping to 2 separate PUSCH occasions; (3) 4 sets of preamble mapping to 4 separate PUSCH occasions. (4) 6 sets of preamble mapping to 6 separate PUSCH occasions.

Based on the evaluation results shown in figure 5 and 6, it can be found that scheme (1) - all the preambles are mapped to the same PUSCH occasion has the best performance when long preamble format_0 is used, while scheme (1) and (2) perform similar when short preamble format is used.      
Although scheme (1) has the highest DMRS collision probability, the overall impact of performance loss can be covered by the benefit from low code rate. Meanwhile, it can be found that the BLER at error floor due to collision is much less than the theoretical value (i.e. BLER at error floor =1/12). This means that even DMRS collision happens, there is still a high probability that both UEs can be decoded, especially when the timing offset exists, i.e. the channel estimates are distinguishable. Compared with long preamble format, the performance gap between scheme (1) and (2) are similar for short preamble format, due to inferior TO estimation and thus poorer resistance on DMRS collision. More evaluation results can be found in our companion contribution [5]. 
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Figure 5. Preamble Format 0 (4G+200m)                       Figure 6. Preamble Format B1 (4G+200m)

Proposal 3: The preambles within one RACH occasion mapped to the same PUSCH occasion is preferred. The necessity of preambles mapped to multiple PUSCH occasions can be further studied.

Indication of Payload size and MCS 
The payload in msgA for 2-step RACH should include the content of msg3 in 4-step RACH. In Rel.15,  the TB sizes of msg3 carrying the CCCH message is at least 56 bits or 72 bits. For RRC inactive/idle state, it is natural to reuse the msg3 payload size that are considered to fulfil basic requirement for conveying CCCH.
For RRC connected state, larger payload size as X bits may need to be supported, if a PUCCH transmission overlaps the PUSCH part of MsgA .i.e., HARQ-ACK, CSI report, or if UP data transmission is supported.
For each potentially supported TBS, different combinations of PRB number and MCS level may be adopted for PUSCH transmission. And therefore it is necessary to have avoid the blind detection from gNB side regarding the types of service (i.e. payload size, UE state) selected by UE, e.g. implicitly indicated by preamble (set) index, or explicitly carried in UCI transmitted on PUSCH.
If the choices of payload size and modulation order are limited, preamble grouping can be used to implicitly indicate the payload size and modulation order. However if they are too many choices, e.g. larger than 4, the number of preambles in each set is quite limited. Based on our companion paper [6], one potential issue here is that the collision probability (and thus miss detection rate) of preamble may be increased for certain group(s), if the grouping is not matched with the actual traffic. 
Table 1 Indication by preamble_index (e.g. for 2 PUSCH occasions with different resource sizes)
	Preamble_index
	Payload_size_type
	Modulation_order_type
	PUSCH occasion index

	0~15
	0
	0
	0

	16~31
	0
	1
	1

	32~47
	1
	0
	1

	48~63
	1
	1
	0



Another way is, for each occasion, using UCI to indicate the payload size and corresponding MCS. i.e. 1 set of preambles mapping to 1 PUSCH occasion. The performance of decoding UCI should be evaluated, besides, extra resource overhead for UCI and additional receiver complexity should be considered.
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Figure 7. Indication by UCI in PUSCH (e.g. for 1 PUSCH occasion)

Proposal 4: As long as the choices of payload size and modulation order are limited, preamble grouping can be used to implicitly indicate the payload size and modulation order. 

MsgA payload transmission
1) Scrambling for msgA PUSCH
For the msg3 data transmission in legacy 4-step RACH, TC-RNTI/C-RNTI is needed for the initialization of scrambling sequence. For the 2-step RACH, especially for the msgA transmission from RRC_IDLE/RRC_inactive, TC-RNTI/C-RNTI is not available. So it is necessary to discuss which initiation ID to be used for the generation of scrambling sequences. [4]
A simple way to obtain UE-specific scrambling code (considering no preamble collision) is to use the legacy RA-RNTI plus preamble index as the initial ID.
Proposal 5: The initial ID for generating the scrambling sequence of msgA can be obtained by RA-RNTI plus preamble index.
2) Waveform and numerology for msgA PUSCH
The configuration can be similar to msg3 in 4-step RACH, and the similar signaling like msg3-transformPrecoder configured in RACH-ConfigCommon can be used for the indication of waveform for PUSCH in msgA. The numerology follow the UL BWP for both long preamble format and short preamble format is preferred. Whether or not to have the msgA numerology to be as same as the preamble numerology can be further studied, depending on whether the preamble and the payload are allowed to be transmitted in the same slot.
Proposal 6: Reuse the msg3-transformPrecoder configured in RACH-ConfigCommon for the indication of waveform of MsgA PUSCH for 2-step RACH. It is up to RAN2 whether the same IE or different IEs are used for msgA and msg3.
3) Beam association for PUSCH
It has been agreed that the beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH. Unless significant performance gain can be observed from beam refinement between preamble and PUSCH payload, we would prefer to reuse the legacy beam association rule, i.e. the same receiving/transmitting beam is used for msgA PRACH and PUSCH.
Proposal 7: Use the same receiving/transmitting beam for msgA PRACH and PUSCH.

Consideration on the msgA structure for NR-U
One of the most important benefits of 2-step RACH in NR-U is that it reduces the number of LBT steps. It depends on the time gap between the preamble transmission (not include the GP in PRACH structure) and payload transmission. In case the time gap > 16 µs, msgA will be transmitted with performing an additional CCA, and that leads to additional LBT steps. So the time gap between the preamble transmission and payload transmission should be less than 16us. Further applicable preamble formats for 2-step RACH in NR-U can be decided.
Table 2. PRACH formats suitable for 2-step RACH in NR-U
	Preamble format
	GP Length (µs)
	Suitable for NR-U

	0
	96.9
	No

	1
	716.2
	No

	2
	953.3
	No

	3
	96.9
	No

	A1
	0
	Yes

	A2
	0
	Yes

	A3
	0
	Yes

	B1
	2.3
	Yes

	B2
	7
	Yes

	B3
	11.7
	Yes

	B4
	25.8
	No

	C0
	37
	No

	C2
	94.8
	No



In case the SCS is 60 kHz, symbol duration is 17.86 μs, so no symbol gap is allowed between the RACH(incluing the GP in PRACH structure) and payload. In case the SCS is 120 kHz or 240 kHz, respect symbol duration is 8.93 μs, 4.46 μs, then it is possible to have a 1 or more OFDM symbols gap.  

Conclusion
Proposal 1: Prioritize the msgA channel structure design that each RO is associated with one or multiple POs.
Proposal 2: Prioritize Alt.4 for the design of relative location between PUSCH occasion(s) and the associated PRACH occasion.
Proposal 3: The preambles within one RACH occasion mapped to the same PUSCH occasion is preferred. The necessity of preambles mapped to multiple PUSCH occasions can be further studied.
Proposal 4: As long as the choices of payload size and modulation order are limited, preamble grouping can be used to implicitly indicate the payload size and modulation order. 
Proposal 5: The initial ID for generating the scrambling sequence of msgA can be obtained by RA-RNTI plus preamble index.
[bookmark: _GoBack]Proposal 6: Reuse the msg3-transformPrecoder configured in RACH-ConfigCommon for the indication of waveform of MsgA PUSCH for 2-step RACH. It is up to RAN2 whether the same IE or different IEs are used for msgA and msg3.
Proposal 7: Use the same receiving/transmitting beam for msgA PRACH and PUSCH.
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