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1 Introduction
It has been identified in RAN1 #97 that the following two alternatives to the wideband PRACH frequency resource mapping design can be considered:
· Alt1: ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Alt2: Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric

[bookmark: _GoBack]This contribution describes the details of Alt2. 
2 Wideband PRACH Design based on Legacy Length-139 ZC-Sequences
It has been observed by companies and discussed online heavily that pure repetition of legacy length-139 ZC-sequence has issue of large CM values, comparing to long sequences, hence, CM reduction scheme should be applied for Alt2 for this purpose. 
Proposal: 
· NR-U supports PRACH transmission on 2 or 4 consecutive ROs for 30 kHz SCS and 4 or 8 consecutive ROs for 15 kHz SCS in a single LBT-subband, wherein each RO has 12 RBs.
· Same length-139 PRACH preamble sequence with CM reduction mechanism is mapped to subcarriers #2 to #140 in each RO. 
· The CM reduction mechanism includes a time domain cyclic shift and a frequency domain phase shift
· For 15 kHz SCS and 8 ROs
· Cyclic shift: [a, a+1, a, a+1, a, a+1, a, a+1]
· Phase shift: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
· For 15 kHz SCS and 4 ROs
· Cyclic shift: [a, a+1, a, a+1]
· Phase shift: [1, 1i, 1i, 1]
· For 30 kHz SCS and 4 ROs
· Cyclic shift: [a, a+1, a, a+1]
· Phase shift: [1, 1i, 1i, 1]
· For 30 kHz SCS and 2 ROs
· Cyclic shift: [a, a+1]
· Phase shift: [1, 1]
· Note: a is the cyclic shift supported in Rel-15 
3 Specification Impact Analysis
The expected specification impacts of the proposal in this contribution are summarized as follows, wherein the TPs are only for information purpose only (e.g. estimating the amount of specification impact of the proposal in this contribution). There is no intention to endorse the TPs. Note that the specification impacts to TS 38.331 and TS 38.321 could be common for Alt1 and Alt 2. 

Draft TP for TS 38.211: 
================================= Start TP for TS 38.211 ================================
[bookmark: _Toc11324503]6.3.3.1	Sequence generation

The set of random-access preambles  shall be generated according to



from which the frequency-domain representation shall be generated according to










where  or  depending on the PRACH preamble format as given by Tables 6.3.3.1-1 and 6.3.3.1-2.;  and  are given by Table 6.3.3.1-X, Table 6.3.3.1-Y, and Table 6.3.3.1-Z for a unlicensed band and , and andotherwise, wherein k is the index of PRACH transmission occasion within the bundled PRACH transmission occasion. 


Table 6.3.3.1-X: and  for  kHz or  kHz, and msg1-FDM-BundledSize-r16NRU is four.
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Table 6.3.3.1-Y:  and  for  kHz, and msg1-FDM-BundledSize-r16NRU is eight.
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Table 6.3.3.1-Z:  and  for  kHz, and msg1-FDM-BundledSize-r16NRU is two.
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============================== End TP for TS 38.211 ===================================
Draft TP for TS 38.331: 
================================ Start TP for TS 38.331 ================================
[bookmark: _Toc12718358]–	RACH-ConfigGeneric
The IE RACH-ConfigGeneric is used to specify the random-access parameters both for regular random access as well as for beam failure recovery.
RACH-ConfigGeneric information element
-- ASN1START
-- TAG-RACH-CONFIGGENERIC-START

RACH-ConfigGeneric ::=              SEQUENCE {
    prach-ConfigurationIndex            INTEGER (0..255),
    msg1-FDM                            ENUMERATED {one, two, four, eight},
	msg1-FDM-BundledSize-r16NRU				ENUMERATED {one, two, four, eight},
    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig           INTEGER(0..15),
    preambleReceivedTargetPower         INTEGER (-202..-60),
    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
    ...
}

-- TAG-RACH-CONFIGGENERIC-STOP
-- ASN1STOP

	[bookmark: _Hlk524340040]RACH-ConfigGeneric field descriptions

	msg1-FDM
The number of PRACH transmission occasions FDMed in one time instance. (see TS 38.211 [16], clause 6.3.3.2).

	msg1-FDM-BundledSize-r16NRU
The number of repetitions bundled for NR-U PRACH transmission within a single LBT sub-band and FDMed in one time instance. UE regards the occupied PRACH transmission occasions in the frequency domain by the bundled repetitions as one bundled PRACH transmission occasion, and the index of bundled PRACH transmission occasion is defined as ⌈ f_id / msg1-FDM-BundledSize-r16NRU ⌉, wherein f_id is the index of PRACH transmission occasion in the frequency domain. 

	msg1-FrequencyStart
Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0. The value is configured so that the corresponding RACH resource is entirely within the bandwidth of the UL BWP. (see TS 38.211 [16], clause 6.3.3.2).

	powerRampingStep
Power ramping steps for PRACH (see TS 38.321 [3],5.1.3).

	prach-ConfigurationIndex
PRACH configuration index. For prach-ConfigurationIndex configured under beamFailureRecovery-Config, the prach-ConfigurationIndex can only correspond to the short preamble format, (see TS 38.211 [16], clause 6.3.3.2).

	preambleReceivedTargetPower
The target power level at the network receiver side (see TS 38.213 [13], clause 7.4, TS 38.321 [3], clauses 5.1.2, 5.1.3). Only multiples of 2 dBm may be chosen (e.g. -202, -200, -198, ...). 

	preambleTransMax
Max number of RA preamble transmission performed before declaring a failure (see TS 38.321 [3], clauses 5.1.4, 5.1.5).

	ra-ResponseWindow
Msg2 (RAR) window length in number of slots. The network configures a value lower than or equal to 10 ms (see TS 38.321 [3], clause 5.1.4). UE ignores the field if included in SCellConfig.

	zeroCorrelationZoneConfig
N-CS configuration, see Table 6.3.3.1-5 in TS 38.211 [16].



================================== End TP for TS 38.331 ===============================

Draft TP for TS 38.321
================================== Start TP for TS 38.321 ===============================
[bookmark: _Toc12751537]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to clause 7.3;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP;
1>	except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1>	instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain in a licensed band (0 ≤ f_id < 8), or the index of bundled PRACH occasion for an unlicensed band (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
================================== End TP for TS 38.321 ===============================

4 Evaluation Results
The following figures compare the CCDF of CM for PRACH designs, for 15 kHz and 30 kHz, correspondingly, and it could be observed that with CM reduction scheme as in this contribution, the CM values can be improved to be as good as long sequences. 

[image: ][image: ]
		30 kHz SCS with 4 ROs					15 kHz SCS with 8 ROs
	
The link-level evaluation results for MCL comparing the two alternatives are shown in the following tables, for 30 kHz SCS and 15 kHz SCS, respectively. It could be observed that the performances of MCL for Alt1 and Alt2 are similar. 


Table 1 MCL comparison for 30 kHz SCS.
	Parameter
	Value
	Value

	Scheme
	Alt2
	Alt1

	SCS
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	571

	# of repetition (R)
	4
	1

	MCL (dB) = P_TX-SNR-Np
	21.196-(-11.9)-(-96.8) = 129.896
	21.011-(-12.2)-(-96.7) = 129.911



Table 2 MCL comparison for 15 kHz SCS.
	Parameter
	Value
	Value

	Scheme
	Alt2
	Alt1

	SCS
	15 kHz
	15 kHz

	PRACH sequence length (L_RA)
	139
	1151

	# of repetition (R)
	8
	1

	MCL (dB) = P_TX-SNR-Np
	21.101-(-14.7)-(-96.8) = 132.601
	21.024-(-14.8)-(-96.6) = 132.424



5 Conclusion
Based on the discussion in this contribution, the PRACH preamble performance of Alt2 can be as good as Alt1, and with lower implementation complexity (e.g. by using legacy length-139 ZC-sequence) and small specification impact, hence, the source of this contribution proposes to support Alt2 for wideband PRACH preamble design in NR-U, and more precisely with the following proposal. 

Proposal: 
· NR-U supports PRACH transmission on 2 or 4 consecutive ROs for 30 kHz SCS and 4 or 8 consecutive ROs for 15 kHz SCS in a single LBT-subband, wherein each RO has 12 RBs.
· Same length-139 PRACH preamble sequence with CM reduction mechanism is mapped to subcarriers #2 to #140 in each RO. 
· The CM reduction mechanism includes a time domain cyclic shift and a frequency domain phase shift
· For 15 kHz SCS and 8 ROs
· Cyclic shift: [a, a+1, a, a+1, a, a+1, a, a+1]
· Phase shift: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
· For 15 kHz SCS and 4 ROs
· Cyclic shift: [a, a+1, a, a+1]
· Phase shift: [1, 1i, 1i, 1]
· For 30 kHz SCS and 4 ROs
· Cyclic shift: [a, a+1, a, a+1]
· Phase shift: [1, 1i, 1i, 1]
· For 30 kHz SCS and 2 ROs
· Cyclic shift: [a, a+1]
· Phase shift: [1, 1]
· Note: a is the cyclic shift supported in Rel-15 
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