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1	Introduction
In the last RAN4#94-e meeting, the general issue with the demodulation requirement for NR 2-step RACH was discussed and the related agreement was captured in the WF [1] as:
· No additional preamble performance requirement for preamble is needed
· Leave performance requirements for interlaced PUSCH design and long preamble to NR-U WID
· Application scenarios
· Whether or not to consider only small cell case
· Whether 2 step RACH is only activated near to the centre of large cells
· Timing offset (TO) issue
· Can BS assume the same or different timing offsets among UEs
· Potential impact on the performance of different TOs
· RAN1 agreed to support all different preamble formats for 2-step
· If the timing offset between different UEs is large in comparison to the CP length, then some taps of the channel impulse response may fall outside of the CP and the msgA PUSCH from those UEs will not be orthogonal in the frequency domain and will not be orthogonal with regular PUSCH 
· This may restrict the system capacity 
· RAN4 should determine relevant application scenarios for MsgA performance evaluation
· RAN4 should establish whether requirement relating to MsgA performance with TO offset are functional or performance 
· RAN4 should conclude on the need for new requirement 
In this contribution, the view on BS demodulation requirement for NR 2-step RACH is provided.
2	Discussion
Application scenarios
In NR Rel-16, 2-step RACH was introduced with two motivations. One is for the efficient channel access in unlicensed spectrum with reducing the latency, another is for small data packets transmission with up to 72bit.
Regarding the application scenario, NR 2-step RACH can be applicable to any cell size supported in Rel-15 NR as following objective.
	· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.



In RAN1, both SLS and LLS simulation are introduced for the determination of payload size and mapping designs, etc. For SLS simulation assumptions, the targeting cell size is very small with round 200m, up to 25km. With agreed link-level simulation, format A1 is applied, where the use case is targeting for small cell.
	Format
	

	

	

	

	Coverage(m) (15KHz)
	Use case

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	938
	Small cell

	A2
	139
	

	

	

	2109
	Normal cell

	A3
	139
	

	

	

	3516
	Normal cell

	B1
	139
	

	

	

	469
	Small cell

	B2
	139
	

	

	

	1055
	Normal cell

	B3
	139
	

	

	

	1758
	Normal cell

	B4
	139
	

	

	

	3867
	Normal cell

	C0
	139
	

	

	

	5300
	Normal cell

	C2
	139
	

	

	

	6000
	Normal cell



Observation 1: The typical use case for NR 2 step RACH is targeting small cell.
With small cell such as 500m coverage, the TO is within the range of CP. Therefore, the impact of timing offset on MsgA is limited.
Timing offset issues
Regarding the timing offset, the following is agreed in RAN1
	· The timing for MsgA PRACH and PUSCH transmission should be both assumed as N_TA =0.



Based on RAN1 agreement, at least gNB will assume the same transmission timing for UE with MsgA PRACH and PUSCH to process preamble for timing and use that information for MsgA PUSCH demodulation 
From functionality test perspective, since there is no new physical layer structure design for 2 step RACH. In that sense, the BS receiver processing can be verified with existing Rel-15 Spec. In NR Rel-15, RAN4 has already specified the PUSCH requirement based RAN1 feature covering the different waveform, DMRS structure, TDRA, and MCS.  In our view, we think the PUSCH requirement for NR 2 step RACH can be verified with Rel-15 NR PUSCH requirement.
Proposal 1: There is no functional test for MsgA performance with Timing Offset requirement for NR 2-step RACH.
Regarding as the requirement of MsgA performance with TO offset, as mentioned, with large TO, the MsgA PUSCH from UEs will not orthogonal in the frequency domain, and not be orthogonal with regular PUSCH, which will restrict the system capacity. In order to handle the UE inference with different timing offset, the sufficient gap is allowed for gNB with following RAN1 agreement 
	· The PUSCH transmission is after the PRACH transmission by at least N symbols with N=2 for 15KHz and 30KHz SCS,  N=4 for 60KHz and 120KHz. 



Also, the RRC configuration with MsgA PUSCH time Domain offset can be configured to indicate the slot offset between MsgA PRACH and PUSCH, where the value range can be up to 32. For large cell case, when RTT delay exceeds the CP, the time gap can be configured for handing the issue of cross-slot interference.
MsgA-PUSCH-Resource-r16 ::=                    SEQUENCE {
    msgA-PUSCH-PreambleGroup-r16                   ENUMERATED {groupA, groupB}                                   OPTIONAL, -- Need S
    msgA-MCS-r16                                   INTEGER (0..15),
    nrofSlotsMsgA-PUSCH-r16                        INTEGER (1..4),
    nrofMsgA-PO-PerSlot-r16                        ENUMERATED {one, two, three, six},
    msgA-PUSCH-TimeDomainOffset-r16                INTEGER (1..32),
    msgA-PUSCH-TimeDomainAllocation-r16            INTEGER (1..maxNrofUL-Allocations)                            OPTIONAL, -- Need S
    startSymbolAndLengthMsgA-PO-r16                INTEGER (0..127)                                              OPTIONAL, -- Need S
    mappingTypeMsgA-PUSCH-r16                      ENUMERATED {typeA, typeB}                                     OPTIONAL, -- Need S
    guardPeriodMsgA-PUSCH-r16                      INTEGER (0..3)                                                OPTIONAL, -- Need R

With above configured for the gap of PRACH and PUSCH, it allowed gNB with more flexibility to adjust the timing for receiving MsgA PUSCH, based on the timing detection from MsgA PRACH.
From the BS receiver processing perspective, the timing adjustment and estimate should belong to the gNB implementation. In terms of timing estimation procedure, it is not expected gNB will use different receiver process for regular PUSCH. 
Generally, it is need to define the requirement with considering the impact of timing offset. While RAN4 has already defined the requirements with UL timing adjustment in Rel-16 HST WI, where 3 DMRS are configured in PUSCH, similar with the default configured for MsgA PUSCH. Therefore, the MsgA PUSCH with timing offset performance can be verified similarly, we do not think it is necessary to introduce additional tests for MsgA PUSCH with timing offset.
Proposal 2: There is no need to introduce the additional MsgA PUSCH with timing offset requirement for NR 2-step RACH.
Based on the above analysis, we do not think RAN1 feature for NR 2-step RACH will require BS demodulation requirement.
Proposal 3: No BS demodulation requirements for Rel-16 NR 2-step RACH.
3	Conclusion
In this contribution, the view on BS demodulation requirement for NR 2-step RACH is presented.
Observation 1: The typical use case for NR 2 step RACH is targeting small cell.
Proposal 1: No functional test for MsgA performance with Timing Offset requirement for NR 2-step RACH.
Proposal 2: No need to introduce the additional test for MsgA PUSCH with timing offset requirement for NR 2-step RACH.
Proposal 3: No BS demodulation requirements for Rel-16 NR 2-step RACH.
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