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Introduction
The WID [1] for Two step RACH is approaching its finalization. During RAN1#98bis quite a number of agreements were reached, but there are still some open FFS points from previous meetings [2], [3], which will be discussed in this contribution.
Discussions
MsgA PUSCH configuration and associated parameters 
As part of the discussions related to the MsgA PUSCH configuration there was an open point at RAN1#98bis related to whether a PUSCH occasion should be confined within slot boundaries. According to existing agreements from RAN1#98, the parameters for the configuration would be able to indicate the number of slots for the PUSCH occasions, the number of time domain POs in each slot, as well having a SLIV based approach for indicating the starting symbol and duration of the given PUSCH occasions. Further, there was an agreement at RAN1#98bis, where it was agreed that MsgA PUSCH mapping types A and B and SLIV would be used to indicate the mapping, at least for RRC_IDLE/INACTIVE. Since the SLIV based approach is will only allow indicating allocations that are confined within the slot boundary (due to the restrictions on S+L) this would create a natural limitation to the associated MsgA PUSCH Occasions. For this reason, we propose:
Proposal 1: A MsgA PUSCH Occasion is not allowed to span a slot boundary.
In terms of the actual configuration of the MsgA PUSCH Occasion and the related association between preambles and the actual PUSCH Occasion, there was an FFS as to whether the K2 in the TDRA table should be used for MsgA PUSCH. It should be noted that the existing use of K2 in the TDRA table is targeted at allowing the UE sufficient time to prepare the PUSCH transmission in case of dynamic scheduling. For such dynamic scheduling, the UE would need to fetch data from the RLC layer and prepare these for the UL transmission. For such cases the UE does not know prior to the scheduling which data amounts and which resources to transmit on, and would potentially need the time provided by K2 to prepare such data for transmission on the scheduled physical resources. For the case of two step RACH, the UE knows in advance that it targets transmission using the two step approach. Hence, it should be possible for the UE to prepare the data for transmission on the configured PUSCH resources well in advance of transmitting the preamble. For such cases it would not bring any benefit for the UE to delay the transmission of the MsgA PUSCH any further. On the contrary, any additional delays of the UL transmission would cause an increase in the overall latency.
Proposal 2: Scheduling delay K2 from the TDRA table is not used for the definition of the UL transmission timing for MsgA PUSCH
Correspondingly, there is an FFS point for whether there should be a guard period between the two hops in case of intra-slot frequency hopping. In existing configurations for regular PUSCH for cases where intra-slot FH is configured, it is assumed that the UE would be able to perform the switch of frequency without any gaps. For two step RACH, we do not see any reason for putting guard periods and thereby changing existing specified functionality.
Proposal 3: Do not introduce a guard period between intra-slot frequency hops
For the configuration of MCS and TBS, the previous meeting agreed that for two step RACH, the signalling for the indication of the payload would be based on MCS signalling. When looking at the simulation results in our companion contribution [4], it appears that for expected payload sizes of between 56 and 408 bits with 408 bits being a number that would only be supported for RRC connected UEs, as the gNB for such setups would be in control of the resource allocation and potential loading on the MsgA PUSCH resources. Considering this range of payload sizes, we would observe the following table for associated needed code rates for associated PRB allocations under the assumption that a full slot is assigned for the PUSCH resource unit:

	R 
	TBS 

	0.1944
	56 bits (1 PRB)

	0.0972
	56 bits (2 PRB)

	0.0648
	56 bits (3 PRB)

	0.2500
	72 bits (1 PRB)

	0.1250
	72 bits (2 PRB)

	0.0833
	72 bits (3 PRB)

	0.3333
	192 bits (2 PRB)

	0.2222
	192 bits (3 PRB)

	0.1111
	192 bits (6 PRB)

	0.4722
	408 bits (3 PRB)

	0.2361
	408 bits (6 PRB)

	0.1181
	408 bits (12 PRB)



When observing the possible existing MCS tables for PUSCH transmissions in TS 38.214, it is seen that Table 6.1.4.1-2 would be able to provide sufficient flexibility, both in terms of minimum supported code rate and needed flexibility for indicating the code rate to be applied for the MsgA PUSCH transmission.
Proposal 4: Apply Table 6.1.4.1-2 of TS 38.214 when indicating the configured MCS for MsgA PUSCH configuration.
With respect to the aspect of multiple configurations for two step RACH, it was agreed in RAN1#98bis that RRC_IDLE/INACTIVE would not support more than two MsgA PUSCH configurations, while for RRC_CONNECTED mode, there should be support for up to two configurations in an UL BWP. For the configuration of the RRC_CONNECTED mode UEs, there is a working assumption that the preamble group based method for selecting/indicating the used MsgA PUSCH configuration should be used. Since the principle of preamble segmentation is a well-known approach for indicating a difference of operation, we would propose to confirm this working assumption.
Proposal 5: Confirm working assumption of using preamble group based method for MsgA PUSCH configuration indication.
As the MsgA configuration(s) for RRC connected mode is a matter of gNB configuration of the UE, there would be no reason to have a tight coupling between what is available for RRC_IDLE/INACTIVE. Hence, we would suggest that the number of configurations for RRC_CONNECTED mode is independent from what is configured for RRC_IDLE/INACTIVE.
Proposal 6: The number of MsgA PUSCH configurations for RRC_CONNECTED mode is independent from what is configured for RRC_IDLE/INACTIVE.
As highlighted in the RAN1#98 chairman notes [2], there is the open question on how to address potential overlapping POs. Since the earlier discussion has been related to the respective starting points of the occasions (PO and RO), one approach could be to let the ROs and the POs be consecutive in time. That is, each PO will follow each other without any possibility of overlap. This is illustrated in Figure 1 where it is seen that each PO is defined from the first PO’s starting point relative to the start of the first RO. Subsequent PO’s will be offset in time according to the time duration of each PO. The assumption for this approach is that each PO will have the same duration in the time domain.



[bookmark: _Ref20859265]Figure 1: Illustration of the possible options for defining the POs in a consecutive manner, while still using the starting slot of the PO as a reference.
Proposal 7: The configured time offset between RO and PO is the minimum time difference between the starting positions of RO and first possible start of a PO.
Proposal 8: If a PO overlaps with that of a previous slot, the first PO is delated to the earliest UL slot that doesn’t overlap with POs of a previous slot.

MsgA PUSCH scrambling
At RAN1#98bis there was an agreement on the initialization of the scrambling sequence for the MsgA PUSCH. One open point in this context was the potential option to replace the RAPID in the initialization equation by the DMRS ID. The main argument used by the proponents in this case would be to allow a further separation for cases where a UE is allowed to use one-to-multiple mapping between the preamble and the PUSCH resource unit. As we have previously discussed in our contributions, allowing such one-to-multiple mapping would (a) put significant complexity on the gNB implementation, as more hypothesis tests would be needed to uniquely identify the UE, and (b) would potentially increase the amount of physical resources that need reservation for ensuring that there is sufficient possibility to map from preamble index to the actual physical resource units(s). Hence, we do not see any benefits of supporting one-to-many mapping between preamble and PRU, and hence there would not need to be any further improvement to the equation for the initialization of the scrambling ID for the MsgA PUSCH.
Proposal 9: Base the initialization of the scrambling ID on the equation agreed last meeting. That is, use the equation which is based on RAPID.

Support for NR-U
In RAN1#98bis the following agreement was made in regards to the support of separate LBTs for MsgA PRACH and PUSCH:
	Agreements:
· At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs



The drawback of using the 4-step RACH procedure in NR-U was the requirement to have to distinct LBTs for Msg1 and Msg3. Therefore, the motivation of introducing the 2-step RACH in NR-U was to have a single Cat 4 LBT when transmitting MsgA PRACH and PUSCH (jointly).

Proposal 10: To enable a single Cat 4 LBT for MsgA in NR-U, support transmitting the MsgA PRACH preamble and MsgA PUSCH in the same slot.
In case separate Cat 4 LBTs are indeed to be supported, then the time gap between MsgA PRACH and PUSCH should be such that it accounts with the minimum contention window length requirement associated the priority class of the PUSCH transmission. In [9] a detailed analysis of this issue has been provided.
Proposal 11: To enable separate Cat 4 LBTs for MsgA PRACH and MsgA PUSCH, then a sufficient long time gap should additionally be supported to account for the minimum contention window length requirements.
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 [4], 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 [1].
Based on the above discussion it is therefore proposed to limit the supported payload size to 72 bits.
[bookmark: _Hlk16846314]Proposal 12: Prioritize the maximum PUSCH MsgA payload size to 72 bits for both RRC_CONNECTED and RRC_IDLE/INACTIVE.

Conclusions
In this contribution, we make the following observations and proposals:
Proposal 1: A MsgA PUSCH Occasion is not allowed to span a slot boundary.
Proposal 2: Scheduling delay K2 from the TDRA table is not used for the definition of the UL transmission timing for MsgA PUSCH
Proposal 3: Do not introduce a guard period between intra-slot frequency hops
Proposal 4: Apply Table 6.1.4.1-2 of TS 38.214 when indicating the configured MCS for MsgA PUSCH configuration.
Proposal 5: Confirm working assumption of using preamble group based method for MsgA PUSCH configuration indication.
Proposal 6: The number of MsgA PUSCH configurations for RRC_CONNECTED mode is independent from what is configured for RRC_IDLE/INACTIVE.
Proposal 7: The configured time offset between RO and PO is the minimum time difference between the starting positions of RO and first possible start of a PO.
Proposal 8: If a PO overlaps with that of a previous slot, the first PO is delated to the earliest UL slot that doesn’t overlap with POs of a previous slot.
Proposal 9: Base the initialization of the scrambling ID on the equation agreed last meeting. That is, use the equation which is based on RAPID.
Proposal 10: To enable a single Cat 4 LBT for MsgA in NR-U, support transmitting the MsgA PRACH preamble and MsgA PUSCH in the same slot.
Proposal 11: To enable separate Cat 4 LBTs for MsgA PRACH and MsgA PUSCH, then a sufficient long time gap should additionally be supported to account for the minimum contention window length requirements.
Proposal 12: Prioritize the maximum PUSCH MsgA payload size to 72 bits for both RRC_CONNECTED and RRC_IDLE/INACTIVE.
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