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Introduction
The 2-step RACH work item defines the following objectives related to BS demodulation and conformance tests [1]:
	· Specify BS demodulation requirements for the case of PUSCH resource assigned to single UE only
· Specify corresponding BS conformance tests



Therefore, this document proposes that the requirements and tests are specified with a single UE. Additionally, NR-U enhancements may also need to be taken into consideration, as described in the work item objectives [1]:
	For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)


 
In this paper we provide our view on the BS demodulation requirements, how the 2-step RACH differs from the 4-step, and how those differences may influence the requirements based on the existing PRACH and PUSCH performance requirements. We also include some discussion of the typical use cases and resulting configuration scenarios, on which we base our requirement proposals.

[bookmark: _Ref31793955]2-step RACH performance
General 2-step RACH description
The 2-step RACH was introduced in 3GPP as a way of decreasing protocol delay when performing UE initiated channel access. It provides a manner for the UE to initiate UL transmissions with fewer protocol steps, reducing the communication overhead and delay for this procedure. Independently of the UE RRC state, there are scenarios were decreasing the latency and overhead of RACH procedure is desirable. 
Figure 1 presents time diagrams comparing both methods for the RACH procedure. The 4 step RACH procedure is presented in Figure 1 a), where the UE iniciates the communication by sending a random access preamble Msg1. In the second step, if the base station can detect the random access preamble, it answers with a random access response Msg2, which includes the PUSCH resource for Msg3, timing advance (TA) and power control information. In the third step the UE sends in UL the Msg3, which could contain RRC messages, request for SI, UL data, among others. In the 4th step the UE is provided a contention resolution message. 
The 2-step RACH procedure is represented in Figure 1 b). That procedure is initiated by the UE, which sends the RACH preamble of the Msg1 in the RACH opportunity (RO) and the Msg3 in a corresponding PUSCH opportunity (PO), which cannot be in the same slot. Both combined messages are shown as MsgA in Figure 1 b). If MsgA is detected/demodulated correctly, the gNB answers by transmitting the MsgB with a SuccessRAR command, which contains the same information as the Msg2 and Msg4 in the 4-step RACH procedure for a successful MsgA reception, including TA information. It should be noted that the MsgA PUSCH is transmitted before the UE gets the feedback from the gNB regarding TA, which is only received as part of the MsgB containing the random access response. If the MsgA demodulation is not successful, the gNB may answer with a fallbackRAR and/or a Backoff Indicator. The fallbackRAR (similar to Msg2) is a solution for the case that MsgA PRACH was demodulated by the gNB, but MsgA PUSCH was not. If a fallbackRAR is received by the UE, the UE continues the RACH procedure as the 4 step procedure by transmitting Msg3. The Backoff Indicator may be sent on MsgB for all UEs that don’t have a MsgB addressed for them. The UE may attempt to perform the 2-step RACH procedure up to msgA-TransMax times, after that it should use the 4-step RACH procedure. 

	[image: ]
	[image: ]

	a)
	b)


[bookmark: _Ref31724493]Figure 1: Time diagram of RACH procedures for the a) 4 step approach and b) 2-step approach.
[bookmark: _Ref31727568]One important aspect of 2-step RACH performance is that PUSCH Msg3 should be decoded before time-alignment compensation feedback.
[bookmark: _Ref31727584]Performance requirements should be specified for MsgA, which includes joint PRACH and PUSCH, before RAR/MAC CE based TA compensation. 
[bookmark: _Ref31727608]The MsgB may contain successRAR, fallbackRAR, and backoff indicator. The fallbackRAR response is used, if MsgA PRACH was successfully received, but MsgA PUSCH not. The case of the fallbackRAR is already implicitly tested in the existing 4-step RACH procedures. For that reason, when test procedure is considered, MsgA transmission should be considered successful only if the gNB answers/transmits a successRAR message using MsgB.
[bookmark: _Ref31727619]The performance requirement should consider only MsgA transmissions that trigger a successRAR response on MsgB as correctly demodulated.

MsgA resource allocation
An example of time/frequency resource allocation of MsgA RACH and MsgA PUSCH is shown in Figure 2. The physical resources for the PRACH and PUSCH parts of MsgA are allocated in the RACH opportunities (RO) and PUSCH opportunities (PO), respectively. The allocation of RO can be done either with separate 2-step and 4-step RACH resources, or with shared resources. In the case of shared resources, the gNB may configure different PRACH preamble sequences for 2-step and 4-step RACH. 
[bookmark: _Ref31727668]PO slot time allocation is determined based on a time-offset configuration with respect to the RO (msgAPUSCH-timeDomainOffset), which is between 1 to 32 slots [8]. 
[bookmark: _Ref32231596][bookmark: _Ref32231499]Define test setup with msgAPUSCH-timeDomainOffset = 5, to aligned with previously used default TDD UL-DL patterns.
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[bookmark: _Ref30409447]Figure 2 Example representation of time/frequency domain allocation of RACH occasion (RO) and PUSCH occasion (PO) and PUSCH Resource Unit (PRU) mapping
The MsgA PUSCH resource for each UE will be contained in a PUSCH Resource Unit (PRU). The decision on which PRU to use for MsgA PUSCH depends on the preamble that the UE has used for the MsgA PRACH, as shown in Figure 3. There is a one-to-many mapping between all the preamble sequences that are configured for PRACH and each of the PRUs. This behavior is defined by the following RAN1 agreement [2]:
	Agreements:
· Preamble to PRU mapping ratio is:
· A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· It is up to gNB implementation to make sure the value does not vary across different periods.
· M preambles are mapped to one PRU, M=ceiling(N_pre/N_pru) 
· where N_pre and N_pru are respectively the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
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[bookmark: _Ref30506597]Figure 3 Mapping between PRACH preamble indexes and PUSCH Resource Units (PRU)

The mapping between preamble MsgA PRACH and PRUs is done as follows. The valid MsgA PRACH occasions are ordered first by the preamble index, then by the frequency resource index, and finally by the time domain resource index. These PRACH occasions are mapped into PRUs first into consecutive frequency resources, than into increasing DMRS indexes within a PRU, than into increasing order of time indexes, and lastly into different slots [3]. 
In order to configure the mapping from the PRACH preamble space into only orthogonal PRU resources, it is possible to configure set of preambles, of the same size as the number of PRU resources either by frequency, DMRS port, time, and slot domain as N_pre = N_pru. The total number of preambles in valid PRACH occasions is given by
N_pre = msgA-totalNumberOfRA-Preambles * msgA-RO-FDM * prachTDMoccasions
where msgA-totalNumberOfRA-Preambles is the configured number of preambles per RO, msgA-RO-FDM is the number of frequency domain resources for one time-instance, and prachTDMoccasions is the number of time-domain PRACH occasions within a PRACH slot. The parameter prachTDMoccasions depends on the PRACH configurations index msgA-prach-ConfigurationIndex as mapped on Table 6.3.3.2-2 of 38.211 [4]. The number of PRUs within a PO can be determined as 
	N_pru = nrofSlotsMsgAPUSCH * nrMsgAPO-FDM * nrofMsgAPOperSlot * nrPRUinMsgAPO
where nrofSlotsMsgAPUSCH is the number of slots of a PO, nrMsgAPO-FDM is the number of PRUs per PO in frequency domain, nrofMsgAPOperSlot is of PRUs per slot in time domain. The variable nrPRUinMsgAPO is related to the total number of DMRS resources, and is determined as
	nrPRUinMsgAPO = nrofDMRS-Sequences * nrofCDMgroups * nrofDMRSports
where nrofDMRS-Sequences is the number of DMRS sequences, nrofCDMgroups is the number of CDM groups which is configured by msgAPUSCHDMRSCDMgroup, and nrofDMRSports is the number of ports per CDM group which is configured by msgAPUSCHNrOfPort. 
NOTE: The parameters used in the formulas above are described in [8]and are not yet final by the time this text is written.  
[bookmark: _Ref31727694]More than one UE may be using the same PUSCH resource, depending on the configured preamble to PRU mapping. A one to one mapping can be possible, if the number of configures PRACH occasions is not larger than the number of configured PUSCH occasions.
The objectives of the WI [1] state that: 
	· Specify BS demodulation requirements for the case of PUSCH resource assigned to single UE only



which excludes from the BS demodulation scenarios with more than 1 UE in the same PUSCH resource. Additionally, existing PRACH requirements from [6][7] consider the detection of a single preamble. Therefore, it is our understanding that a single UE should be considered for evaluation. 
[bookmark: _Ref31727705]The 2-step RACH objectives of the WI [1] include BS demodulation requirements for a PUSCH resource assigned to single UE only.
[bookmark: _Ref31727720]Define requirements and test cases where only one PRACH preamble is mapped to one PRU, or N_pre = N_pru. 
The data payload can be configured by setting the MCS, the number of PRUs per each slot, the number of slots per PO, number of PRBs per PRU, as well as the DMRS configuration. The PRU maximum transport block size can be determined as determined in clause 5.1.3.2 in [5]. 

PRACH preambles
No new improvements were identified for the MsgA PRACH in the 2-step RACH procedure when compared to the PRACH in the 4-step RACH procedure. Regarding the MsgA PRACH, the following agreement was reached in RAN1 [2]:
RAN1#97:
Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.


which means that no specific new preamble sequence was developed for the 2-step RACH. 
[bookmark: _Ref31727730]2-step RACH supports all the preamble formats from NR Rel-15.
[bookmark: _Ref31727748]Choose subset of Rel-15 PRACH preambles for the requirements.

PUSCH modulation and coding schemes
The data portion of MsgA is carried over PUSCH, it is important to know which are the possible configurations for MsgA PUSCH. On one hand, the 2-step RACH procedure is meant to be used by devices that are not in the cell edges, and a RSSIRP threshold is specified to guarantee that. On the other hand, there is a possibility of different UEs sharing the same time/frequency resources without time-alignment. Therefore, is it desirable to use robust MCSs for a good performance of MsgA PUSCH. 
Some relevant agreements of RAN1 when concerning the MCSs for the PUSCH part of MsgA are [2]:
RAN1#99:
Agreements:
· The value range of MCS index is 
· 0~15
· The modulation order for MCS entries 0~1 is QPSK 
· No restriction on the modulation order for other MCS entries, i.e., the modulation order is derived from the MCS table
Agreements:
· The value range of nrofPRBsperMsgAPO is [1-32]
· The MCS table for 2-step is given by ‘qam64’ (Table 6.1.4.1-1 for DFT-s-OFDM and Table 5.1.3.1-1 for CP-OFDM in 38.214) for both RRC_IDLE/INACTIVE state and RRC_CONNECTED state

This excludes the low spectral efficiency MCSs table, as used in URLLC. Additionally, the MsgA PUSCH is scrambled with a sequence that depends on the RA_RNTI and the MsgA PRACH preamble index as described in clause 6.3.1.1 of 38.211[4]. 
[bookmark: _Ref31727761]MsgA PUSCH supports MCSs from 38.214 [6] Table 6.1.4.1-1 for DFT-s-OFDM and Table 5.1.3.1-1 for CP-OFDM.
[bookmark: _Ref31727773]Focus on CP-OFDM and MCS index IMCS = 2.

Operation on Unlicensed bands
When NR-U is considered, there might also be aspects affecting the requirements of 2-step RACH. NR-U has included some physical layer improvements that could also be applied in combination with 2-step RACH. These include interlaced PUSCH transmissions and the use of new 1151 and 571 long PRACH sequences for 15 kHz and 30 kHz SCS. Some related RAN1 agreements are shown below [2]: 
RAN1#98bis:
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
Agreements:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive
Agreements:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 
(…)

From the agreements it is clear that interlaced-PUSCH could be also used in combination with 2-step RACH. Additionally, PUSCH and PRACH physical channels should be allocated within a 20 MHz bandwidth part. 
[bookmark: _Ref31727787]Currently 2-step RACH procedure supports interlaced PUSCH in combination with NR-U. 
[bookmark: _Ref31727798]SIB1 signalling also provides support of new 1151 and 571 long PRACH sequences with the 2-step RACH procedure. 
[bookmark: _Ref31727808]Assuming the usage of long PRACH sequences is not limited to unlicensed operation by the NR-U WI in the coming meetings, specify NR-U scenario for 2-step RACH performance requirements with interlaced PUSCH and new 1151 and 571 long PRACH sequences.

Proposal for simulation assumptions
Considering the discussion above, this section includes a proposal for the simulation assumptions for the evaluation of the 2-step RACH requirements. These include the metric for the evaluation of the 2-step RACH procedure, and a scenario configuration that considers a typical use case and configuration parameters from [8]. 
Evaluation metric
As the evaluation metric, we understand that this feature is not about the throughput, but agile UE initiated access. Therefore, the most meaningful KPI to be analyzed is the missed detection rate and false alarm rate, instead of the throughput.  Additionally, from Observation 2, the MsgB response will depend on which parts of the MsgA were correctly demodulated. Considering Observation 2 and Proposal 2 the following is proposed:
[bookmark: _Ref30000563]Use as evaluation metric the SNR at which the joint PRACH/PUSCH missed detection rate is below 1%. Fallback to 4-step procedure is considered as an error. False alarm should be < 0.1%. 
[bookmark: _Ref31798729]Retransmissions of MsgA do not increment the redundancy version number of PUSCH as defined in clause 8.1A of 38.213 [3]. Therefore, the missed detection rate statistics should not be influenced by the choice of the number of retransmissions msgA-TransMax. 
[bookmark: _Ref30664887]Evaluation metric should consider all the transmissions and retransmissions of MsgA for the calculation of the missed detection rate. 

Feature configuration
This section defines parameters for an evaluation scenario considering the proposals and observations described in Section 2 and a typical 2-step RACH use case. 
In typical scenarios where this feature would be applied, it is desirable to send small messages. The minimum payload expected for the 2-step RACH consists of RRC messages such as RRCRequest, RRCReestablishmentRequest, and RRCResumeRequest with short I-RNTI which are 56 bits long, and RRCResumeRequest with Long I-RNTI which is 72 bits long. A larger transport block size for MsgA PUSCH is also possible, however the resulting allocation of PRUs would either imply in an excessive use of resources, or a RO to PO mapping that increases the probability of UEs sharing the same time/frequency resource. 
[bookmark: _Ref32231854]Typical use cases where 2-step RACH have traffic that comprises small RRC messages of 56 bits, e.g. RRCRequest, RRCReestablishmentRequest, and RRCResumeRequest with short I-RNTI, or 72 bits, e.g.  RRCResumeRequest with Long I-RNTI.
[bookmark: _Ref32231729]Define requirements and tests for transport block sizes of 56 bits. 
From Proposal 5, a subset of 4-step PRACH preambles is expected to be evaluated. Our proposal of this subset is as follows. 
[bookmark: _Ref31802596]Define requirements and tests for PRACH preambles 0, A2, and C2 as in Table 1.
Table 1 Proposed test preambles for 2-step RACH in FR1
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	0
	1.25
	13
	22
	32

	A2, C2
	15
	23
	0
	0

	
	30
	46
	0
	0



When considering the proposals and observations above, especially the understanding of non-overlapping PRU configurations, the following proposal is derived:
[bookmark: _Ref31800006]One possible configuration of the 2-step RACH feature, that fulfils our previous observations and proposal, is detailed in Table 2. It can serve as a basis for discussion for simulation alignment.
[bookmark: _Ref31799864][bookmark: _Ref31814272]Table 2 Proposed configuration of RO and PO
	Parameter
	Value 
	Value
	Value
	Value
	Value

	Scenario label
	Preamble 0
	Preamble A2
	Preamble C2
	NR-U A2 (Note 2)
	NR-U C2 (Note 2)

	Packet payload
	56 bits
	56 bits
	56 bits
	56 bits
	56 bits

	PRACH preamble
	0
	A2
	C2
	A2
 LRA = 1151
	C2
LRA = 571

	msgA-prach-ConfigurationIndex (Note 1)
	[FFS]
	108
	209
	108
	209

	msgA-totalNumberOfRA-Preambles
	4
	4
	4
	4
	4

	msgA-RO-FDM
	8
	4
	4
	4
	4

	msgA-ssb-sharedROmaskindex
	0
	0
	0
	0
	0

	nrofSlotsMsgAPUSCH
	2
	2
	2
	2
	2

	nrofMsgAPOperSlot
	1
	1
	1
	1
	1

	nrMsgAPO-FDM
	8
	12
	8
	12
	8

	nrofDMRS-Sequences
	1
	1
	1
	1
	1

	number CDM group (msgAPUSCHDMRSCDMgroup)
	2
	2
	2
	2
	2

	ports per CDM group (msgAPUSCHNrOfPort )
	1
	1
	1
	1
	1

	MCS index
	2
	2
	2
	2
	2

	msgAPUSCH-timeDomainOffset
	5
	5
	5
	5
	5

	guardPeriodMsgAPUSCH
	1
	1
	1
	1
	1

	guardBandMsgAPUSCH
	0
	0
	0
	0
	0

	nrofPRBsperMsgAPO
	16
	24
	16
	16
	16

	dmrs symbols
	2
	2
	2
	2
	2

	subcarrier spacing
	15 kHz
	15 kHz
	30 kHz
	15 kHz
	30 kHz

	NOTE 1: msgA-prach-ConfigurationIndex is determined such that prachTDMoccasions = 1 for preamble 0, prachTDMoccasions = 3 for preamble A2, and prachTDMoccasions = 2 for preamble C2.
NOTE 2: Some parameters for NR-U can only be determined after definition of ranges from RAN1 and RAN2.



Additional considerations
The implementation of 2-step RACH is important in some scenarios requiring lower latency and low signaling overhead. However, it is not a mandatory UE feature and the usefulness of the use cases is dependent on operator request. Therefore, it is desirable that this feature is not set as mandatory for all Rel-16 compliant base stations.
[bookmark: _Ref31802944]2-step RACH is not a mandatory feature. 
[bookmark: _Ref30000741][bookmark: _Ref30510380]2-step RACH requirements are to be marked as optional. 
[bookmark: _Ref30510404][bookmark: _Ref31727914]2-step RACH test applicably is to be based on manufacturer declaration.

[bookmark: _Hlk31794208]Conclusion
In this discussion paper the requirements for 2-step RACH BS demodulation are discussed. When considering the new behavior of 2-step RACH, it is concluded that new optional requirements are necessary to evaluate the joint PRACH/PUSCH performance. 

The following proposals are derived concerning the evaluation metric:
Observation 1: One important aspect of 2-step RACH performance is that PUSCH Msg3 should be decoded before time-alignment compensation feedback.
Observation 2: The MsgB may contain successRAR, fallbackRAR, and backoff indicator. The fallbackRAR response is used, if MsgA PRACH was successfully received, but MsgA PUSCH not. The case of the fallbackRAR is already implicitly tested in the existing 4-step RACH procedures. For that reason, when test procedure is considered, MsgA transmission should be considered successful only if the gNB answers/transmits a successRAR message using MsgB.
Observation 10: Retransmissions of MsgA do not increment the redundancy version number of PUSCH as defined in clause 8.1A of 38.213 [3]. Therefore, the missed detection rate statistics should not be influenced by the choice of the number of retransmissions msgA-TransMax.
Proposal 1: Performance requirements should be specified for MsgA, which includes joint PRACH and PUSCH, before RAR/MAC CE based TA compensation.
Proposal 2: The performance requirement should consider only MsgA transmissions that trigger a successRAR response on MsgB as correctly demodulated.
Proposal 8: Use as evaluation metric the SNR at which the joint PRACH/PUSCH missed detection rate is below 1%. Fallback to 4-step procedure is considered as an error.
Proposal 9: Evaluation metric should consider all the transmissions and retransmissions of MsgA for the calculation of the missed detection rate.

The observations and proposals related to RACH preambles are: 
Observation 6: 2-step RACH supports all the preamble formats from NR Rel-15.
Proposal 5: Choose subset of Rel-15 PRACH preambles for the requirements.
Proposal 11: Define requirements and tests for PRACH preambles 0, A2, and C2 as in Table 1. 

When considering RACH and PUSCH resources allocation, the following observations and proposals are derived: 
Observation 3: PO slot time allocation is determined based on a time-offset configuration with respect to the RO (msgAPUSCH-timeDomainOffset), which is between 1 to 32 slots [8].
Proposal 3: Define test setup with msgAPUSCH-timeDomainOffset = 5, to aligned with previously used default TDD UL-DL patterns.
Observation 4: More than one UE may be using the same PUSCH resource, depending on the configured preamble to PRU mapping. A one to one mapping can be possible, if the number of configures PRACH occasions is not larger than the number of configured PUSCH occasions.
Observation 5: The 2-step RACH objectives of the WI [1] include BS demodulation requirements for a PUSCH resource assigned to single UE only.
Proposal 4: Define requirements and test cases where only one PRACH preamble is mapped to one PRU, or N_pre = N_pru.
Observation 7: MsgA PUSCH supports MCSs from 38.214 [6] Table 6.1.4.1-1 for DFT-s-OFDM and Table 5.1.3.1-1 for CP-OFDM.
Proposal 6: Focus on CP-OFDM and MCS index IMCS = 2.

The NR-U topic is also covered in this document with the following observations and proposals. 
Observation 8: Currently 2-step RACH procedure supports interlaced PUSCH in combination with NR-U.
Observation 9: SIB1 signalling also provides support of new 1151 and 571 long PRACH sequences with the 2-step RACH procedure.
Proposal 7: Assuming the usage of long PRACH sequences is not limited to unlicensed operation by the NR-U WI in the coming meetings, specify NR-U scenario for 2-step RACH performance requirements with interlaced PUSCH and new 1151 and 571 long PRACH sequences.

For the overall simulation scenario, based on the observations and proposals above, one possible configuration set is proposed:
Observation 11: Typical use cases where 2-step RACH have traffic that comprises small RRC messages of 56 bits, e.g. RRCRequest, RRCReestablishmentRequest, and RRCResumeRequest with short I-RNTI, or 72 bits, e.g.  RRCResumeRequest with Long I-RNTI.
Proposal 10: Define requirements and tests for transport block sizes of 56 bits.
Proposal 12:One possible configuration of the 2-step RACH feature, that fulfils our previous observations and proposal, is detailed in Table 2. It can serve as a basis for discussion for simulation alignment.

When considering the applicability of the 2-step RACH in general use cases, the following observations and proposals are derived: 
Observation 12: 2-step RACH is not a mandatory feature. 
Proposal 13: 2-step RACH requirements are to be marked as optional. 
Proposal 14: 2-step RACH test applicably is to be based on manufacturer declaration.
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