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1. Introduction
According to WID on NR-based access to unlicensed spectrum [1], the following parts should be specified:
[bookmark: _GoBack]-	Physical layer aspects including [RAN1]:
-	NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60 kHz based SSB/PBCH block is outside the scope of the WI.
-	PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation. RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
In RAN1 #96bis, the following agreements are made:
Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot

Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

In this paper, NR-U DRS design and PRACH based on WID guidance and the above agreements are discussed in the following sections.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk521582650]Discovery reference signal (DRS) design
SSB transmission pattern
In NR Rel 15, several SSB patterns in time domain are defined for different SCS and frequency range. Regarding sub-7 (e.g. 5GHz), the following 3 patterns could be used as illustrated in Figure 1: 


[bookmark: _Ref534290451]Figure 1		SSB patterns for sub-7 in NR Rel 15
To support 7-symbol DRS unit as described below, Case B is not feasible since there is no gap between some successive SSBs for placing RMSI-CORESET. Therefore, Case A and Case C in NR Rel15 are reused for NRU in all FR1 unlicensed bands, i.e. SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot.


In order to achieve symmetric design with 2-symbol coreset when 7-symbol DRS unit is used, there is a proposal to shift one symbol for the 2nd SSB, i.e. SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot. If so, there is only one symbol left at the end of the slot, which may introduce spec impact in other aspects, e.g. valid PRACH occasion. In NR Rel15 TDD systems, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in the following table:
Table 1 : Gap values for different preamble SCS
	Preamble SCS
	


	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2



For NRU, 15kHz or 30kHz SCS is a typical case and thus 2-symbol gap between SS/PBCH block and PRACH is needed. If we check RO configuration table for FR1 and unpaired spectrum (i.e. Table 6.3.3.2-3 in TS 38.211), starting symbol in most of the RO configurations is symbol #0 as shown in the following parts of the table. 
Table 2: Parts of RO configuration table for FR1 and unpaired spectrum
	PRACH
Configuration 
Index
	Preamble format
	x
	y
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ], number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	…
	…
	…
	…
	…
	…
	…
	…
	…

	90
	A1
	8
	1
	4
	0
	2
	6
	2

	91
	A1
	4
	0
	4,9
	0
	1
	6
	2

	92
	A1
	4
	1
	4,9
	0
	1
	6
	2

	93
	A1
	4
	0
	4
	0
	2
	6
	2

	94
	A1
	2
	0
	4,9
	0
	1
	6
	2

	95
	A1
	2
	0
	1
	0
	2
	6
	2

	96
	A1
	2
	0
	4
	0
	2
	6
	2

	97
	A1
	2
	0
	7
	0
	2
	6
	2

	98
	A1
	1
	0
	4
	0
	1
	6
	2

	…
	…
	…
	…
	…
	…
	…
	…
	…



For NRU, when adopting new SSB pattern at symbols (2,3,4,5) and (9,10,11,12), the first RO in one PRACH slot succeeding one SSB slot will be considered not valid since the gap between the RO and SSB is only 1 symbol. In this case, the random access performance (e.g. latency and capacity) will be impacted. 
The above is only one example impact if using new SSB patterns, there should be other aspect (e.g. PUCCH) that will be also impacted since all the Rel15 design is based on legacy SSB pattern. So adopting new SSB pattern may result in problem in other channels and thus bring much more work to solve them.
[bookmark: PP1]Proposal 1: NR-U supports legacy SSB pattern (i.e. Alt.1 or Alt.3), i.e. at symbols (2,3,4,5) and (8,9,10,11) in the slot as NR Rel15.
Regarding frequency domain aspect, NR Rel15 SSB itself couldn’t meet OCB requirement in unlicensed band. It is already agreed that inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) is beneficial. In SA/DC mode, RMSI is always transmitted together with SSB and FDM with RMSI (potentially configured CSI-RS) could meet OCB. In CA mode, configured cell specific CSI-RS with specific design (i.e. spanning the whole channel) together transmitting with SSB could also meet OCB requirement. Therefore, there is no need to have frequency domain repetition for SSB in either mode.
[bookmark: PP2]Proposal 2: NR-U supports RMSI and/or CSI-RS is FDM with SSB in SA/DC/CA mode to meet OCB requirements.
DRS component design
In NR Release 15, multiple SS/PBCH blocks with different beamforming directions are supported to enhance the coverage and system data rate. Due to EIRP limit in unlicensed band and beamforming gain in EIRP calculation, the coverage couldn’t be improved by simply beamformed transmission. However, the beamformed transmission could reduce the interference and thus increase system data rate. In this case, beamformed DRS could be used for beam measurement and reference of beamformed data transmission (e.g. determine precoder). By considering this, there is no need to remove this possibility from spec aspect, i.e. the design should embrace more flexibility on omni-transmission with single/multiple SSBs or beamforming with multiple SSBs, which is up to implementation. To achieve this, it is natural that one DRS could include one or more DRS units where each DRS unit comprises of at least one SSB, RMSI-CORESET+PDSCH in the same direction (omni or one beamforming direction). Note that the actual number of transmission DRS units is up to gNB’s implementation. One example is illustrated in Figure 2 (see next page): DRS includes 4 DRS units, where each DRS unit is 7 symbols long including one SSB and RMSI-CORESET+RMSI PDSCH.
[bookmark: _Hlk534382304][bookmark: PP3]Proposal 3: For NR-U, DRS includes one or more DRS units where each one comprises of at least one SSB, RMSI-CORESET+RMSI PDSCH in the same direction (omni or one beamforming direction).
For one DRS unit in frequency domain, the bandwidth is limited by the RMSI-CORESET setting since the scheduled PDSCH carrying RMSI should be limited within RMSI-CORESET according to NR Rel 15. In order to meet OCB requirement, CORESET bandwidth is better to span the initial BWP as much as possible, e.g. 48 PRBs assuming 30KHz SCS. Another alternative is including or multiplexing other signals (CSI-RS, OSI, Paging etc.) to meet the OCB requirements. NR Rel 15 already supports such flexibility and no change needed for NRU DRS design in frequency domain. In time domain, there are two choices to favor this DRS unit concept, i.e. 7 symbols (see Figure 2) or 14 symbols (see Figure 3). The comparison of these two choices are given in the following table:
Table 3	Comparison of 7 symbol and 14 symbol DRS unit (assuming 30KHz SCS)
	
	No. of LBT opportunities in 5ms
	No. of DRS unit in 1ms 
	Maximum schedulable RMSI REs

	7 symbols 
	20
	4
	2496 REs

	14 symbols 
	10
	2
	5568 REs



[image: ]
[bookmark: _Ref534272702][bookmark: _Hlk534384250]Figure 2		Illustration of DRS with multiple DRS units (7-symbol DRS unit)
[bookmark: _Ref534279361][image: ]
[bookmark: _Ref7369353]Figure 3		Illustration of DRS with multiple DRS units (14-symbol DRS unit)
It is obvious that 7 symbol DRS unit has more LBT opportunities and support more beam directions within the same time duration. However, the available resource for scheduling RMSI is limited in this case. Assuming MCS0 is used, only 2496*0.2344=585 bits could be scheduled for RMSI. From RAN1 aspect in NR Rel 15, the UE is not expected to receive a PDSCH assigned by a PDCCH with CRC scrambled by SI-RNTI with a TBS exceeding 2976 bits. So RAN2 designs the RMSI size targeting 2976 bits at maximum. Besides, RMSI size is variable depending on different deployment scenarios, especially the number of supporting PLMNs. For NRU, 3rd party deployment shared by multiple operators is one typical scenario which requires broadcasting multiple PLMNs and respective tracking area information. In this case, the resource in 7-symbol DRS unit is very probably not enough for carrying RMSI. Therefore, we make the following proposal:
[bookmark: PP4]Proposal 4: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols.
DRS period and transmission window
NR Rel 15 supports the following SS/PBCH Block periods {5, 10, 20, 40, 80, 160} ms while LAA Rel 13 supports DRS period {40, 80, 160}ms. Naturally NRU will support flexible configuration of DRS period. By considering the overhead, NRU DRS is better to be transmitted in large period, i.e. {40, 80, 160} ms. To increase the transmission opportunity, it is better to allow DRS sliding within one specific window, which is agreed as at most 5ms. Larger DRS window could increase the transmission probability of DRS. On the other hand, it will result in more power consumption since UE needs to search SSB within a larger DRS window. So DRS window duration should be flexible and could be configured in different cases. For example, in low interference case, smaller DRS window duration is better to be configured. Besides, for 7-symbol DRS unit case, the DRS window duration could be less than that in 14-symbol DRS unit case since it has more opportunities to access the channel. Thus, the following proposal is made:
[bookmark: PP5]Proposal 5: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).
Referring to section 7.2.1.2 in TR 38.889 [2], Pattern 1 is feasible for multiplexing of SSB and RMSI Coreset where Pattern 1 is understood as RMSI CORESET and an SS/PBCH block occurring in different time instances, and the RMSI CORESET bandwidth overlapping with the transmission bandwidth of the SSB. In NR Rel 15, the configuration for Type0-PDCCH common search space in Table 13-11 in TS 38.213 [3] is not feasible for NR-U because SSB and its related Type0-PDCCH is better to be contained in the same slot in NRU as we proposed. First, most of the configurations are not needed since they configure SSB and the related Type0-PDCCH in different slots. Second, some configurations (i.e. configuration index 0 and 1) need to be updated to meet the 14-symbol and 7-symbol DRS unit. Third, the Type0-PDCCH common search space is variable in multiple specific positions within one DRS window instead of fixed subframe in one DRS occasion. 
[bookmark: PP6][bookmark: _Ref521492551]Proposal 6: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB and the Type0-PDCCH common search space configuration should be re-designed with more NRU related information conveyed.
RMSI design
Rate matching
In NR Rel15, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the RMSI PDSCH. This is because RMSI is decoupled with SSB in most of configured cases. However, this is not the case for NRU which always confines SSB and RMSI in the same slot as proposed in Section 2.1. Thus, the NRU UE shall assume that SS/PBCH block is transmitted in the same slot of RMSI transmission. Particularly the UE shall assume that REs scheduled for the RMSI PDSCH reception and overlapping with SSB transmission are not used.
[bookmark: PP7]Proposal 7: NR-U UEs shall assume RMSI is rate matched around SSB, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with SSB transmission are not used.
In the licensed spectrum, the CSI-RS can only be configured to UEs in connected state, the UEs in the initial stage assume no CSI-RS in the PDSCH resources when receiving the broadcast PDSCH. While in the unlicensed spectrum, cell specific CSI-RS is better to be multiplexed with RMSI in a DRS unit to help RLM/RRM. Therefore, RMSI should be rate matched around the CSI-RS based on predefined pattern or configuration in PBCH, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with CSI-RS transmission are not used.
[bookmark: PP8]Proposal 8: NR-U UEs shall consider RMSI is rate matched around CSI-RS based on configuration or predefined pattern, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with CSI-RS transmission are not used.
Scheduling
In NR Rel15, RMSI is carried by PDSCH scheduled with SI-RNTI and system information type indicator in DCI is set to 0. The DCI format 1_0 is used and the time domain resource allocation indicator will follow default A table (i.e. Table 5.1.2.1.1-2 in TS 38.214). The illustration of default A resource allocation is provided below:
[image: ]

To support 7-symbol DRS unit as shown in Figure 2, it is better to support schedule RMSI in symbol #1-6 and #8-13. From the above illustration, it is obvious that resource allocation for #8-13 is not supported in current NR Rel15. Therefore, default A table in NR Rel15 should be updated for NRU RMSI transmission.
[bookmark: PPP9]Proposal 9: The default time domain resource allocation table for RMSI scheduling should be updated to favour NRU DRS transmission, e.g. including Type B allocation for symbol #8-13.
PRACH design
[bookmark: _Hlk534375260]PRACH format in unlicensed spectrum
Rel-15 NR supports 13 preamble formats with different sequence lengths and configurable SCSs. The SCS is either 1.25 kHz or 5 kHz for long formats (format 0-3) with sequence L=839, while 15/30/60/120 kHz are supported for short ones (format A1, A2, A3, B1, B2, B3, B4, C0, C2) with L=139. Different PRACH formats are designed to meet various coverage, in which format A1-A3 can support up 3km coverage. Typically, NRU is designed for small coverage. Therefore, PRACH format A1-A3 is enough for NR unlicensed spectrum, and PRACH format 0, 1, 2, 3, B1, B2, B3, B4, C0, C2 can be excluded.
[bookmark: PP10][bookmark: _Ref528317752]Proposal 10: Only PRACH format A1, A2 andA3 are supported in NR unlicensed spectrum.

PRACH resource mapping
Based on the agreements in [4], the PRACH resource mapping and PRACH sequence length still need to be studied. In this section, we will discuss the potential alternatives based on simulation. The simulation assumptions in [5] are also listed in Appendix.
Without loss of generality, PRACH format A1 with 30 kHz subcarrier spacing is used for the following evaluation and other evaluation details are provided below.
For repeated ROs in frequency domain, PRACH repeated two and four times in the PRACH instance. RB#5 and RB#34 are the starting RBs for 2 repetitions scheme. And RB#0, RB#12, RB#24, RB#36 for 4 repetitions scheme, thus the repeated preambles are transmitted consecutively in frequency. Note that, to reduce the PAPR, the preambles with different cyclic shift are mapped to the two ROs, respectively.
For preamble sequence with longer sequence than 139, length 599 ZC sequence is evaluated, the mapping in time domain still follows format A1.
· Detailed simulation assumptions
In addition to the simulation assumptions in [5], the Ncs is set to 10 (zeroCorrelationZoneConfig=5) for preamble with length 139, and Ncs is set to 38 for preamble with length 599, based on the equation  .Where  is the cell radius, is the speed of light,  for TDL-C with 100ns delay spread,, and . 
· Detection algorithm of PRACH
The PRACH detection algorithm is described as follows.
Step 1: the receiving signal is transformed to frequency domain through FFT.
Step 2: the Receiving signal is correlated with the 64 hypothetical preamble sequences to get the channel estimation in frequency domain.
Step 3: the frequency domain channel estimation coefficients for each preamble sequence hypothesis are transferred to time domain through IFFT to get the power delay profile.
Step 4: for each preamble sequence hypothesis, subtract the PDP samples in a window duration with different start position related to Ncs and the index of candidate sequence with the same root index, the number of samples depends on Ncs and IFFT length. The sample with the maximum power in window duration is compared with a certain threshold to make sure the false alarm rate of PRACH below 0.001 in noise only scenario. 
· If there is at least one sample in the window is greater than the threshold, TA is estimated based on the location of the maximum sample, and the TA estimation error is less than half of the normal CP, the preamble is determined as transmitted.
· If there is no sample in the window greater than the threshold, or the TA estimation error is greater than half of the normal CP, the preamble is determined as not transmitted.
Based on the assumptions and algorithms described above, the evaluation results are provided in the following different aspects:
· Cubic metric
The cubic metric in dB are provided in Table 4 and Figure 4, where the cubic metric is calculated using the following equation, as stated in [7].
                                                            
where  is the raw cubic metric (in dB) of a signal, and , .
[bookmark: _Ref7369521]Table 4  Cubic metric for each PRACH design alternative
	
	L=139 
ZC sequence
(Rel-15)
	L=599
ZC sequence
	2 ROs repeated in frequency domain
L=139 ZC sequence
	4 consecutive ROs repeated in frequency domain
L=139 ZC sequence

	95% cubic metric(dB)
	1.1
	1.1
	3.8
	4.2



[image: ]   
[bookmark: _Ref7368898]Figure 4 	CCDF of different PRACH design

· Miss-detection and false alarm probability
[image: ][image: ]
                                  a)  miss-detection                                                               b) false-alarm
[bookmark: _Ref7368948]Figure 5  Performance of different PRACH design-without interference
As shown in Figure 5, with increment of the number of repetitions and the length of the preamble sequence, better performance can be achieved. For the L=139 preamble repeated 4 times and L=599 preamble, nearly the same detection performance can be achieved. Nevertheless, L=139 preamble repeated 2 times can also achieve promising performance.
· Overall comparison of different PRACH design
Table 5  Cubic metric for each PRACH design alternative
	Parameter
	Value
	Notes

	Scheme
	L=139 ZC sequence (Rel-15)
	L=599 ZC sequence
	2 ROs repeated in frequency domain
L=139 ZC sequence
	4 consecutive ROs repeated in frequency domain
L=139 ZC sequence
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	30KHz
	30KHz
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	599
	139
	139
	Eg. 139, 

	# of repetition (R)
	1
	1
	2
	4
	If repetition of sequence is used in freq domain

	N_cs

	10
	38
	10
	10
	Eg. 11

	# of RBs used for one RO (N_RB)
	12
	50
	12
	12
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	4.32
	18.0
	8.64
	17.28
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-102.8
	-96.4
	-99.8
	-96.8
	Np= -174+10*log10(SCS*L_RA*R)-NF
NF=-5dB

	SNR (dB)
	-3.4
	-11.36
	-8.6
	-11.36
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.36
	22.55
	20.79
	22.38
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	1.1dB
	1.1dB
	3.8dB
	4.2dB
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	16.36 dB 
	21.9 dB 
	19.2 dB
	18.8 dB
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	122.56
	129.66
	126.19
	126.96
	MCL = P_TX-SNR-Np

	N_FDM
	4
	1
	1
	1
	# of ROs in 20MHz

	Capacity
(preambles)
	7617
	9410
	1904
	1904
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.


Based on the simulation and analysis above, we can observe that, the PRACH mapped to almost the whole sub band, with preamble length 599, can achieve the best MCL and capacity. For repeated preamble in frequency domain, two preamble repetitions can achieve approximately the same MCL compared with 4 repetitions. In this case, two preamble repetitions are enough for PRACH in NRU.
· Multiplexing with other UL channels
The PRACH is mapped to contiguously in a RO, while PUSCH/PUCCH is mapped in uniformed interlaced manner. In unlicensed spectrum, the transmission is based on the contention procedure, therefore PRACH and other UL channels from different users may be transmitted in the same time instance, performance degrade of the UL channel reception due to interference is inevitable. This issue may be not severe for PUSCH, since the performance can be ensured through retransmission procedure. However, for PRACH transmission, the detection failure may lead to long access delay. The performance of PRACH in scenario with interference are evaluated and given in Figure 6, where 0 dB or 3dB interference power relative to the target PRACH signal is assumed at the gNB.
[image: ][image: ]
[bookmark: _Ref7369634]Figure 6   PRACH performance with interference
As shown in Figure 6, non-negligible performance loss for PRACH is observed in scenario with interference. To avoid performance degrade caused by interference between PRACH and PUSCH, it is preferred that the PUSCH resources would not be overlapped with the PRACH resource. In other words, PUSCH transmission should rate matching with the RRC configured PRACH resources to guarantee good detection performance for PRACH. For PRACH mapping across the whole sub band, UE is not expected to be scheduled on PRACH instances. For repeated 2 ROs in frequency, it is still possible for PUSCH transmission at the same time instance for PRACH transmission, if PUSCH rate matching with RO resources. As illustrated in Figure 7, the 3rd interlace is used for PUSCH transmission, 4 RBs of the interlace overlapping with RACH occasions are not used for PUSCH transmission to avoid interference to the PRACH transmission.


[bookmark: _Ref7369675]Figure 7  illustration of PUSCH rate matching with PRACH resources
· Summary of the evaluation
Based on the discussion above, the comparison of the PRACH mapping alternatives are summarized as follows.
	
	L=599 ZC sequence
	2 ROs repeated in frequency domain
L=139 ZC sequence
	4 consecutive ROs repeated in frequency domain
L=139 ZC sequence

	MCL
	excellent
	good
	good

	Multiplexing with other signals
	bad
	good
	bad

	capacity
	high
	low
	low


Accordingly, we have the following observations and proposals.
[bookmark: OO2]Observation 1: Single preamble mapping contiguously across sub-band can achieve better MCL performance and higher capacity. For preamble repetition in frequency domain, 2 repetitions can achieve acceptable performance and good multiplexing property with other UL channels.
[bookmark: PP11]Proposal 11: The following PRACH mapping method can be considered for NRU
· Opt. 1: Single preamble mapping contiguously across the whole sub band, e.g. L=599 preamble.
· Opt. 2: Length 139 preamble repeated two times in frequency.
· Other UL channel should rate matched around the RBs of RACH occasions, if this option is adopted.
LBT Gap between RACH occasions
In NR Rel-15 back to back RACH Occasions in time can be configured. In NR-U, a UE has to pass LBT before transmitting RACH preamble. The UE may get blocked by a RACH transmission of another UE in the previous RACH occasion. To reduce the PRACH delay caused by the blockage issue, LBT Gap between RACH occasions is preferred. Two alternatives can be considered.
· Alt.1: Truncated PRACH format in a RO
As defined in Rel-15, PRACH is composed by CP and several times of repeated preamble in time domain, when L=139. More times of preamble repetition means lower miss detection rate and higher timing accuracy. However, considering the limited coverage in NRU scenario, the length of sequence part of PRACH, i.e. Nu, is not necessarily to be the same as that in Rel-15, therefore the PRACH in NRU can be truncated based on Rel-15 design. As shown in Figure 8, after the PRACH part truncated, LBT Gap is created between the PRACH transmissions in consecutive ROs. Assuming the SCS is 30 kHz, and 1 repetition of time domain sequence is truncated, 33.3us Gap can be created, the blockage rate can be lowered when CAT2 LBT is performed in a gNB initiated COT.

[bookmark: _Ref7370054]Figure 8	Truncated PRACH format
· Alt.2: Sparser RO in a RACH slot
Alternatively, LBT gap can be realized by mapping the ROs non-contiguously in time without truncating the PRACH transmission, sparser RO mapping pattern can be defined additionally. In Rel-15, the RACH occasions in a RACH slot/frame and periodicity of the RACH frame is indicated by the higher layer parameter prach-ConfigurationIndex, 255 configurations can be indicated, no extra entries is left for additional patterns. To avoid significant specification work, the sparser RO mapping pattern can be designed based on the existing configuration by muting some of the RACH instance. In other words, some resources in time-domain are defined as invalid. As shown in Figure 9, only the odd/even numbered RACH instances configured in a RACH slot are valid, LBT gap with at least 2 symbols can be left to perform LBT before PRACH transmission in each valid RACH instance. Both CAT2 and CAT4 LBT can be performed in this time interval.


[bookmark: _Ref7370068]Figure 9	Sparser RO in PRACH slot based on existing configuration
[bookmark: PP12]Proposal 12: To reduce the PRACH delay caused by the blockage issue, LBT Gap between RACH occasions should be supported. Following alternatives can be considered.
· Alt.1: Truncated PRACH format in a RO.
· Alt.2: Sparser RO in a RACH slot based on existing PRACH configuration.
3. Conclusion
In this contribution, we focus on the design of DRS and PRACH in NR-U spectrum, and have the following proposals and observations:
Proposal 1: NR-U supports legacy SSB pattern (i.e. Alt.1 or Alt.3), i.e. at symbols (2,3,4,5) and (8,9,10,11) in the slot as NR Rel15.
Proposal 2: NR-U supports RMSI and/or CSI-RS is FDM with SSB in SA/DC/CA mode to meet OCB requirements.
Proposal 3: For NR-U, DRS includes one or more DRS units where each one comprises of at least one SSB, RMSI-CORESET+RMSI PDSCH in the same direction (omni or one beamforming direction).
Proposal 4: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols.
Proposal 5: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).
Proposal 6: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB and the Type0-PDCCH common search space configuration should be re-designed with more NRU related information conveyed.
Proposal 7: NR-U UEs shall assume RMSI is rate matched around SSB, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with SSB transmission are not used.
Proposal 8: NR-U UEs shall consider RMSI is rate matched around CSI-RS based on configuration or predefined pattern, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with CSI-RS transmission are not used.
Proposal 9: The default time domain resource allocation table for RMSI scheduling should be updated to favour NRU DRS transmission, e.g. including Type B allocation for symbol #8-13.
Proposal 10: Only PRACH format A1, A2 andA3 are supported in NR unlicensed spectrum.
Observation 1: Single preamble mapping contiguously across sub-band can achieve better MCL performance and higher capacity. For preamble repetition in frequency domain, 2 repetitions can achieve acceptable performance and good multiplexing property with other UL channels.
Proposal 11: The following PRACH mapping method can be considered for NRU
· Opt. 1: Single preamble mapping contiguously across the whole sub band, e.g. L=599 preamble.
· Opt. 2: Length 139 preamble repeated two times in frequency.
· Other UL channel should rate matched around the RBs of RACH occasions, if this option is adopted.
Proposal 12: To reduce the PRACH delay caused by the blockage issue, LBT Gap between RACH occasions should be supported. Following alternatives can be considered.
· Alt.1: Truncated PRACH format in a RO.
· Alt.2: Sparser RO in a RACH slot based on existing PRACH configuration.
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Appendix
Agreement: 
Companies are encouraged to provide results comparing the different alternatives using the following simulation assumptions to select between alternative PRACH designs.
· The Rel-15 PRACH design should be simulated as a baseline
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 100 ns

	Antenna configuration at BS(1)
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]
Optional: Uniformly distributed in [0, 2 µs (corresponding to 500 m ISD)]

	PRACH format
	A1 with other formats optional

	Subcarrier spacing
	15/30 kHz.  (with other SCS optional)

	PRACH sequence and frequency resource allocation 
	For evaluation purpose, the Rel-15 PRACH ZC sequence (with possible length change) should be simulated. Additional/new sequences can be simulated. Each company should provide details on the sequence (type and length) and the resource allocation (e.g., Alt1~Alt4 and detailed mapping).

	Total number of preambles per cell
	64, each company should provide details on how these 64 preambles are generated

	Preamble detector
	Each company should provide details on used algorithm

	Interference assumption
	No interference. 
Optional: -3/0/3dB interference power compared with target PRACH

	Detection Criteria
	1% maximum mis-detection probability(2)

	
	0.1% maximum false alarm probability(3)

	
	maximum timing estimation error being 50% of the normal CP length

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR

	
	False alarm probability vs. SNR(4)

	
	CDF of timing estimation error

	
	PRACH capacity (maximum number of preambles)

	
	Peak-to-average power ratio and cubic metric

	
	MCL(5)

	(1) See Table 7-1 of R1-1704144
(2) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.  
(3) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(4) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.
(5) In the MCL calculation, needs to consider the maximum transmit power supported by the PRACH design under PSD limitation and PAPR/EVM characteristic of the design.

Note: Assumptions on the following should be stated
· use of a guard band (if any) 
· definition of SNR
· signal bandwidth used
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