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Introduction
This document extends the discussion on the 2-step RACH BS demodulation requirements introduced in [1] after the discussion on the RAN4 #94-e Bis summarized in [5] and with a proposed way forward in [6]. The agreements reached during the last meeting regarding 2-step RACH BS Demodulation work are as follows:
	· RAN4 BS demodulation does not impose any restriction on the use of 2-step RACH with respect to cell size
· Requirements related to timing offset (TO) is performance, not functional
· TO estimation is up to BS implementation, e.g., preamble or PUSCH DMRS based
· Focus on performance requirements for single user case according to the scope of the WID
· MsgA demodulation differs from normal PUSCH demodulation in the following aspects:
· No HARQ for MsgA PUSCH, Target for msgA is missed detection rate, while in normal PUSCH demodulation 70% of maximum throughput is assume for the PUSCH performance requirements
· No TO impact on normal PUSCH performance requirements
· Payload size of MsgA
· RAN4 define BS demodulation requirements for 2-step RACH in order to ensure reliable MsgA demodulation performance  



Furthermore, the topics for the way forward are:
	· RAN4 Discuss and select typical TO values associated with the selected typical UE-gNB distances for performance evaluation and requirement definition 
· Whether or not TO compensation is assumed when specifying BS performance requirements
· Option 1: Yes
· Option 2: No
· Option 3: Yes, only for Medium/Wide area BS
· Whether or not to exclude Local Area BS for BS demodulation requirements for 2-step RACH
· Option 1: Yes
· Option 2: No
· Option 2a: Setting TO = 0 for local area BS



This paper presents Nokia’s views on the open issues related to the 2-step RACH BS demodulation work, extending the previous discussion introduced in [1]. 

Proposal for simulation assumptions
Time offset 
Agreement from RAN4 #94e the following agreement was reached [5]: 
	· No additional preamble performance requirement for preamble is needed.



Additionally, clause 8.4.1.4.2 of 38.141 [7][8]describe the PRACH preamble test pattern, where the timing offset value for PRACH preamble is varied in steps of 0.1 us, from 0 us to 0.9 us depending on the preamble format being tested. 
From the previous agreement, and the tested values of TO for PRACH performance, one could infer that if requirements for TO larger than 0.9 us are set, the resulting 2-step RACH requirements on PRACH demodulation would be more strict than the 4-step RACH requirements. 
[bookmark: _Ref40435093]PRACH BS demodulation requirements in 38.141 include timing offset from 0 to 0,9 us in steps of 0,1 us.
[bookmark: _Ref40435108]RAN4 not to specify BS Demod requirements for 2-step RACH for TO values larger than the ones for the 4-step RACH. 
An RSRP threshold, msgA-RSRP-Threshold, can be configured to control which UEs may use the 2-step RACH procedure. Once this threshold is configured, the applicability radius of the 2-step RACH is limited, therefore enabling the gNB to control the timing offset of the devices to a range that avoids performance degradation. In that case, it is reasonable to assume that the RSRP threshold is tuned to avoid UEs with TO close to the cyclic prefix length. 
[bookmark: _Ref40435121][bookmark: _GoBack]The parameter msgA-RSRP-Threshold can be configured in order to limit the use of the 2-step RACH procedure to UEs with small time offset.
[bookmark: _Ref40435133]Specify time offset values that are smaller than a fraction of the cyclic prefix for the tested sub-carrier spacing, as describe in the table below:
	SCS
	Time offset (us)

	30 kHz
	0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9

	120 kHz
	0, 0.1, 0.2, 0.3, 0.4




[bookmark: _Ref40279425]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. 
Figure 1 shows an exemplary time diagram describing error cases of MsgA transmission. In this figure, a testing UE may try transmitting MsgA several times, and the testing system computes the amount of total and successful MsgA attempts. The failed attempts shown in this diagram include:
· Failed MsgA PRACH or MsgA PUSCH without MsgB response;
· Failed MsgA PRACH or MsgA PUSCH with MsgB containing Backoff Indicator;
· Failed MsgA PUSCH followed by MsgB containing FallbackRAR message
A MsgA transmission attempt is counted as successful only if both MsgA PRACH and MsgA PUSCH are correctly demodulated and followed by a MsgB containing a SuccessRAR message. By using this approach, the BLER is calculated as:

	
	Equation 1


where:
·  is the total number of transmitted MsgA; 
·  is the number of MsgA that were successfully demodulated, and for which the gNB answers with a SuccessRAR message on MsgB. 




[bookmark: _Ref40203471][bookmark: _Ref40203464]Figure 1 Chart describing error cases on MsgA transmission. 
[bookmark: _Ref40435177]The demodulation of MsgA may result in more than one intermediate error state. If MsgA PUSCH is not received, the gNB may answer with a fallbackRAR, whereas if MsgA PRACH is not detected, the gNB will not be able to demodulate MsgA PUSCH. The performance in the case of the fallbackRAR can already be certified with the PRACH requirements. 
[bookmark: _Ref30000563][bookmark: _Ref37076510][bookmark: _Ref40435196]Use as evaluation metric the SNR at which the joint MsgA PRACH and MsgA PUSCH missed detection rate is below 10%. Fallback to 4-step procedure is considered as an error. 
Feature configuration
This section defines parameters for an evaluation scenario considering 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 MCS index 2 and transport block sizes of 56 bits to 72 bits. 
When considering the proposals and observations above and on [1] the configuration presented on Table 1 is proposed. This configuration takes into consideration parameters for allocating the MsgA RACH occasion and MsgA PUSCH occasion as shown in Figure 2 for 30 kHz SCS and Figure 3 for 120 kHz SCS. 
[bookmark: _Ref31800006]The proposed configuration for MsgA PUSCH occasion is shown also on Figure 4. This configuration is determined with few OFDM symbols, in order to increase the frequency diversity of the transmitted MsgA PUSCH with more PRBs. 
[bookmark: _Ref40435252]RAN4 to consider the parameters detailed in Table 1 as a basis for discussion for simulation alignment.
NOTE: The table from Proposal 5 is included as a comprehensive list of 2-step RACH configuration options, and not all these parameters have to be included as requirements.


[image: ]
[bookmark: _Ref40279904]Figure 2 Proposed MsgA PRACH and PUSCH occasion configuration on FR1 for 30 kHz SCS. 


[image: ]
[bookmark: _Ref40279906]Figure 3 Proposed MsgA PRACH and PUSCH occasion configuration on FR1 for 120 kHz SCS.
[image: ]
[bookmark: _Ref40279983]Figure 4 Proposed MsgA PUSCH occasion configuration.

[bookmark: _Ref31799864][bookmark: _Ref31814272]Table 1 Proposed configuration of RO and PO
	Parameter
	Value 
	Value

	Scenario label
	FR1
	FR2

	Packet payload
	56 bits
	56 bits

	MCS index
	2
	2

	Number of PRBs
nrofPRBsperMsgAPO
	4
	4

	subcarrier spacing
	30 kHz
	120 kHz

	PUSCH Mapping type
	DMRS 1+1 Type B
	DMRS 1+1 Type B

	Number of symbols
	6 OFDM
	6 OFDM

	msgA-PUSCH-TimeDomainAllocation (Note 1)
	7
	7

	Waveform
	CP-OFDM
	CP-OFDM

	UE antenna configuration
	1Tx
	1Tx

	gNB antenna configuration
	2Rx
	2 Rx

	Propagation channel & UE velocity
	TDL-C 300ns, 3km/h
	TDL-A 30ns, 3km/h

	Time offset
	0, 0.1, ..., 0.9 us 
	0, 0.1, 0.2, 0.3, 0.4 us

	Preamble type
	A2
	A2

	msgA-prach-ConfigurationIndex 
(Note 2)
	96
	38

	msgA-RO-FDM
	1
	1

	nrofSlotsMsgAPUSCH
	1
	1

	nrofMsgAPOperSlot
	1
	1

	nrMsgAPO-FDM
	3
	3

	nrofDMRS-Sequences
	1
	1

	number CDM group (msgAPUSCHDMRSCDMgroup)
	2
	2

	ports per CDM group (msgAPUSCHNrOfPort )
	1
	1

	msgAPUSCH-timeDomainOffset
	5
	5

	guardBandMsgAPUSCH
	1
	1

	NOTE 1: msgA-PUSCH-TimeDomainAllocation is chosen from Table 6.1.2.1.1-2 on 38.214 [9], which results in a length of 6 OFDM symbols.
NOTE 2: msgA-prach-ConfigurationIndex is determined such that prachTDMoccasions = 3 from 38.211 clause 6.3.3.2 [10].



Local area BS
In the last meeting, an issue was raised concerning the applicability of the BS demodulation requirements for local area base stations. The argument in the case of local area base stations is that the small cell radius is not expected to be large enough to cause performance degradation due to the uncorrected TO of MsgA PUSCH. 
If we consider a Local Area BS with ISD of 40 m, the expected TO would be in the order of 0,13 us and 0,15 us for a circular and hexagonal radius, which is 23% and 25% of the CP length when using 120 kHz SCS. Simulation results presented by several companies in the last meeting show significant degradation for 192 ns TO and MCS 0 [11] and for 56 bits payload with 50 m ISD [12]. 
[bookmark: _Ref40435273]Time offset in Local Area BS is expected to be in the range of 0.2 us, which is enough to cause performance degradation with 120 kHz SCS unless DM-RS or PRACH based TOC is implemented.
[bookmark: _Ref40435309]BS demodulation requirements are needed for Local Area BS with TO < 0.2 us. 

Terminology adopted for the 2-step RACH 
Another aspect to consider on the RAN4 specification is the harmonization of terminology among working groups. RAN1 specifications distinguish the two types of random access as “type-1” and “type-2” random access procedure for the 4-step and 2-step, respectively. However, RAN2 had a more extensive discussion, and about the terminology, and adopt the terms “4-step RA type” and “2-step RA type”. RAN4 has decided to adopt the RAN2 terminology as part of the 2-step RACH RRM discussions [13]. 
[bookmark: _Ref40435323]Different terminologies are being used by RAN1 and RAN2 to distinguish the normal 4-step and the new 2-step RACH procedures.  RAN1 adopts the terms Type-1 and Type-2 random access procedures. RAN2 adopts the terms 4-step RA type and 2-step RA type. 
[bookmark: _Ref40435353]RAN4 has decided as part of the 2-step RACH RRM discussion to adopt the RAN2 terms 4-step RA type and 2-step RA type.
[bookmark: _Ref40435368]RAN4 BS demodulation to adopt the terminology adopted in RAN4 RRM and by RAN2 and distinguish the random-access procedures by calling them “4-step RA type” and “2-step RA type”.
Preliminary simulation results
Preliminary simulation results are shown in Table 3 and Figure 5 with simulation assumptions presented in Table 2. In these results, a preliminary evaluation is presented where only MsgA PUSCH is evaluated, as opposed to what is proposed in Section 2.2. 
[bookmark: _Ref40279375][bookmark: _Ref40279363]Table 2 Simulation assumptions
	Parameter
	FR1
	FR2

	Waveform
	CP-OFDM
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz
	120 kHz

	PUSCH Mapping type
	DMRS 1+1 Type B
	DMRS 1+1 Type B

	Number of symbols
	6 OFDM
	6 OFDM

	Number of PRBs
	4 PRBs
	4 PRBs

	MCS
	MCS index 2
	MCS index 2

	UE antenna configuration
	1Tx
	1Tx

	gNB antenna configuration
	2Rx
	2 Rx

	Propagation channel & UE velocity
	TDL-C 300ns, 3km/h
	TDL-A 30ns, 3km/h

	Time offset
	0.9 us
	0.4 us

	Test metric
	PUSCH BLER
	PUSCH BLER
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	a)
	b)


[bookmark: _Ref40279243][bookmark: _Ref40279230]Figure 5 FR1 BLER curves with TDLC-300 channel model for the 2-step RACH for a) 30kHz SCS with TDLC-300 channel model and b) 120 kHz SCS with TDLA-30 channel model. 

[bookmark: _Ref40279220]Table 3 Simulation results
	SCS
	TO
	BLER = 10 %
	BLER = 1%

	30 kHz
	0.9 us
	-1
	2.3

	120 kHz
	0.4 us
	0.1
	5.6




[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. Observations and proposals are derived from this discussion are presented as follows. 
Observation 1: PRACH BS demodulation requirements in 38.141 include timing offset from 0 to 0,9 us in steps of 0,1 us.
Proposal 1: RAN4 not to specify BS Demod requirements for 2-step RACH for TO values larger than the ones for the 4-step RACH.
Observation 2: The parameter msgA-RSRP-Threshold can be configured in order to limit the use of the 2-step RACH procedure to UEs with small time offset.
Proposal 2: Specify time offset values that are smaller than a fraction of the cyclic prefix for the tested sub-carrier spacing, as describe in the table below:
	SCS
	Time offset (us)

	30 kHz
	0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9

	120 kHz
	0, 0.1, 0.2, 0.3, 0.4



Observation 3: The demodulation of MsgA may result in more than one intermediate error state. If MsgA PUSCH is not received, the gNB may answer with a fallbackRAR, whereas if MsgA PRACH is not detected, the gNB will not be able to demodulate MsgA PUSCH. The performance in the case of the fallbackRAR can already be certified with the PRACH requirements.
Proposal 3: Use as evaluation metric the SNR at which the joint MsgA PRACH and MsgA PUSCH missed detection rate is below 10%. Fallback to 4-step procedure is considered as an error.
Observation 4: 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 4: Define requirements and tests for MCS index 2 and transport block sizes of 56 bits to 72 bits.
Proposal 5: RAN4 to consider the parameters detailed in Table 1 as a basis for discussion for simulation alignment. 
	Parameter
	Value 
	Value

	Scenario label
	FR1
	FR2

	Packet payload
	56 bits
	56 bits

	MCS index
	2
	2

	Number of PRBs
nrofPRBsperMsgAPO
	4
	4

	subcarrier spacing
	30 kHz
	120 kHz

	PUSCH Mapping type
	DMRS 1+1 Type B
	DMRS 1+1 Type B

	Number of symbols
	6 OFDM
	6 OFDM

	msgA-PUSCH-TimeDomainAllocation (Note 1)
	7
	7

	Waveform
	CP-OFDM
	CP-OFDM

	UE antenna configuration
	1Tx
	1Tx

	gNB antenna configuration
	2Rx
	2 Rx

	Propagation channel & UE velocity
	TDL-C 300ns, 3km/h
	TDL-A 30ns, 3km/h

	Time offset
	0, 0.1, ..., 0.9 us 
	0, 0.1, 0.2, 0.3, 0.4 us

	Preamble type
	A2
	A2

	msgA-prach-ConfigurationIndex 
(Note 2)
	96
	38

	msgA-RO-FDM
	1
	1

	nrofSlotsMsgAPUSCH
	1
	1

	nrofMsgAPOperSlot
	1
	1

	nrMsgAPO-FDM
	3
	3

	nrofDMRS-Sequences
	1
	1

	number CDM group (msgAPUSCHDMRSCDMgroup)
	2
	2

	ports per CDM group (msgAPUSCHNrOfPort )
	1
	1

	msgAPUSCH-timeDomainOffset
	5
	5

	guardBandMsgAPUSCH
	1
	1

	NOTE 1: msgA-PUSCH-TimeDomainAllocation is chosen from Table 6.1.2.1.1-2 on 38.214 [9], which results in a length of 6 OFDM symbols.
NOTE 2: msgA-prach-ConfigurationIndex is determined such that prachTDMoccasions = 3 from 38.211 clause 6.3.3.2 [10].



Observation 5: Time offset in Local Area BS is expected to be in the range of 0.2 us, which is enough to cause performance degradation with 120 kHz SCS unless DM-RS or PRACH based TOC is implemented.
Proposal 6: BS demodulation requirements are needed for Local Area BS with TO < 0.2 us. 
Observation 6: Different terminologies are being used by RAN1 and RAN2 to distinguish the normal 4-step and the new 2-step RACH procedures.  RAN1 adopts the terms Type-1 and Type-2 random access procedures. RAN2 adopts the terms 4-step RA type and 2-step RA type.
Observation 7: RAN4 has decided as part of the 2-step RACH RRM discussion to adopt the RAN2 terms 4-step RA type and 2-step RA type.
Proposal 7: RAN4 BS demodulation to adopt the terminology adopted in RAN4 RRM and by RAN2 and distinguish the random-access procedures by calling them “4-step RA type” and “2-step RA type”.
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