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1. Introduction
According to WID on NR-based access to unlicensed spectrum [1], the following parts should be specified:
-	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.
[bookmark: _GoBack]-	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 #97, the following conclusion and agreements are made:
Conclusion:
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item.

Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

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 and Coreset#0 monitoring symbol
According to the conclusion in RAN1#97, NRU will not introduce new SSB transmission pattern and Coreset#0 monitoring symbol position compared to NR Rel15. In particular, SSB will be transmitted at symbols (2,3,4,5) and (8,9,10,11) as Case A and Case C shown in Figure 1. Meanwhile, the monitoring symbol position of corset#0 will be always located at the first several symbols as FR1 in NR Rel15, i.e. coreset#0 couldn’t be in symbol #6 or symbol#7. 


[bookmark: _Ref534290451]Figure 1		SSB patterns for FR1 in NR Rel 15
As a consequence, it is not possible to achieve more opportunities in the middle of slot as shown in Figure 2 (a), which is actually not good to NRU. However, it still works with full slot LBT opportunity as shown in Figure 2 (b). 
[image: ]
[bookmark: _Ref16523449]Figure 2		LBT opportunity for DRS transmission
[bookmark: _Ref16531236]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 enough and better to be configured. Thus, the following proposal is made:
[bookmark: PP1][bookmark: _Ref521492551]Proposal 1: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).
Rate matching around SSB
RMSI rate matching around SSB
In NR Rel15, UE will assume that there is no SSB overlapping with RMSI, i.e. RMSI is always not rate matching around SSB. For NRU, it is better to have RMSI and SSB confined within one slot to achieve contiguous transmission. If SSB can only be located at the center of carrier, the number of PRBs which are absolutely FDM with SSB is limited for non-distributed RMSI scheduling, i.e. ~(51-20)/2=15 PRBs in frequency domain. In this case, RMSI rate matching around SSB is needed to increase number of schedulable PRBs for RMSI. If SSB can be located close to the edge, the above problem could be alleviated a bit but the PRBs located in the same subcarriers and TDM with SSB are still not allowed to be used if no rate matching. 
[bookmark: PP2]Proposal 2: NRU supports RMSI rate matching around SSB if RAN4 decides that SSB can’t be located at or close to the edge of operation carrier.
To support RMSI rate matching, there are the following two alternatives:
· Alt. 1: RMSI are always assumed to be rate matching around SSB;
· Alt. 2: Additional field in DCI 1_0 indicates RMSI is rate matching around SSB or not.
For Alt. 1, it is assumed that SSB and its associated RMSI are always confined in one slot as DRS. This is one reasonable assumption to achieve contiguous DRS transmission once the channel is detected as idle. Besides, there is no additional signalling overhead. For Alt. 2, DCI format 1_0 should be updated with a new additional field, which introduces more signalling overhead. Actually this is not necessary for NRU operation.
[bookmark: PP3]Proposal 3: RMSI are always assumed to be rate matching around SSB.
PDSCH rate matching around SSB
In NR Rel15, one bitmap in SIB1 (i.e. ssb-PositionsInBurst) is used to indicate the actually transmitted SSB indexes among the candidate SSB positions. In this way, UE will know the accurate time position where SSB will be transmitted. Then UE will use this information for rate matching of scheduled PDSCH other than RMSI around SSB. 
However in NRU, the time position of actually transmitted SSBs is not fixed inside DRS/SSB transmission window and will vary with the LBT results in different periods. Thus the field to indicate actually transmitted SSBs should be re-designed, i.e. the bitmap (size=8 for FR1) is re-interpreted as indicator of valid QCL index of potential transmitted SSBs. Then at least one of the SSBs with the valid QCL index is transmitted in the configured DRS transmission window as proposed in Section 2.1.2. In this way, all candidate SSBs of indicated valid QCL index inside configured DRS transmission window is considered as ‘actually transmitted SSB’ to be used in PDSCH rate matching. Furthermore it is also used for other operation such as SSB-to-RO mapping, valid PDCCH determination, valid PUCCH determination and etc.
[bookmark: PP4]Proposal 4: Bitmap ssb-PositionsInBurst indicates valid QCL index of actually transmitted SSBs and all candidate SSBs of indicated valid QCL index inside configured DRS transmission window is considered as ‘actually transmitted SSB’ for rate matching and other further operation (RO mapping, valid PDCCH &PUCCH determination and etc.)
RMSI design
Rate matching around CSI-RS
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: PP5]Proposal 5: 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 two non-QCL SSBs in one slot, it is better to support scheduling RMSI in symbol #2-7 and #8-13 as shown in Figure 2 (b). 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: PP6]Proposal 6: 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.
RMSI transmission in Scell
In NR Rel15, RMSI doesn’t need to be transmitted in Scell since it is not used for initial access. However for NRU, this may cause PCI confusion problem since multiple operators in the same carrier may be located in the same area. One example is illustrated in Figure 3: two Scells belonging to different operators happens to select the same PCI, i.e. PCI2 for OP1 and OP2 in neighbor area. In this case, when UE1 is configured by OP1 Pcell to perform Scell measurement for PCI 2, wrong measurement results will be reported, which will cause wrong Scell activation and thus UE1 may lose the data. This is also one problem in LAA and it is left to smart implementation, i.e. the Scell will change PCI if such data lost situation happens frequently when reporting measurement result is very good.
[image: ]
[bookmark: _Ref16532529]Figure 3		PCI confusion problem for NRU Scell

For NRU, it can still follow LAA’s way and leave it to smart implementation. As a further enhancement, RMSI could be transmitted in Scell to let other UE distinguish different operators. However, this doesn’t mean UE needs to read RMSI whenever RRM measurement because this will result in more complexity and power consumption at UE side. RMSI transmission in Scell could help network to identify this PCI conflict problem quickly through SON, i.e. network could trigger some UE to report neighbor cells’ PCI and PLMN.
[bookmark: PP7]Proposal 7: RMSI transmission in Scell could be one optional feature to solve PCI confusion problem through SON function and UE is not needed to read RMSI when RRM measurement.
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. As for PRACH format B1, B2, B3 and B4, CP part is truncated and some guard period is left after PRACH signal. However, the guard period for guard time is too short to complete the CCA operation. 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: PP8][bookmark: _Ref528317752]Proposal 8: Only PRACH format A1, A2 and A3 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 listed in Appendix. 
· Detailed simulation assumptions
In addition to the simulation assumptions in [5], the  is calculated based on the equation  .Where  is the cell radius, is the speed of light,  for TDL-C with 100ns delay spread,, , and  is the number of guard samples. Accordingly, the Ncs for different preamble length and SCS configuration are given in Table
· 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. 
Step 5: The time domain sample with the maximum power in the 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 in the window, 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.
For preamble repetition scheme, Step 1 - step 4 still applied to receiver for each preamble repetition. While in step 5, power of the max time domain sample are added up and compared with the threshold, which are recalculated based on the number of repetitions.
Based on the assumptions and algorithms described above, the evaluation results are provided in the following different aspects.
· Mechanisms to improve the cubic metric
As agreed in [4], the cubic metric would be increased if preamble is repeated in frequency domain, and some potential mechanisms should be considered to improve the cubic metric. As mentioned in [6], different phase rotations can be applied to repetitions in frequency domain. We traverse the phase rotation combinations with each entry selected in 4 phases uniformly distributed in [-pi, pi], i.e.  and {1 -1 j -j} which is a length-4 set, the phase rotation combinations with lowest cubic metric are selected and shown in Table 1. In Figure 4, comparison of cubic metric distribution preamble repetition with or without phase rotation schemes are provided. Note that the cubic metric is calculated using the formula given by [8].
[bookmark: _Ref15849516]Table 1  Phase rotation combinations selected with lowest cubic metric
	PRACH scheme
	Resource allocation
	Phase rotation combination

	15kHz 139x4
	RB# {0-11, 26-37, 52-63, 78-87}
	{1,-j,-1,-j}

	15kHz 139x8
	RB# {0-11, 12-23, 24-35, 36-47, 48-59, 60-71, 72-83, 84-95}
	{1,-1, 1,-j,-j, j, j, j}

	15kHz 571x2
	RB# {0-47, 48-95}
	/

	30kHz 139x2
	RB# {5-16, 34-45}
	/

	30kHz 139x4
	RB# {0-11, 12-23, 24-35,  36-47}
	{1,-1, j, j}

	30kHz 283x2
	RB#{0-23, 24-47}
	/



[image: ] [image: ]
[bookmark: _Ref15746378]Figure 4  CCDF of cubic metric of the NRU PRACH schemes
As illustrated the CCDF curves above, obvious CM reduction can be achieved if phase rotation combinations selected in length-4 phase rotation applied to the preamble repetitions in frequency. For preamble repeated 2 times in frequency, no obvious cubic metric reduction can be observed. In this case, CM reduction cannot realized by phase rotation when the number of repetition is 2, which lead to CM performance inferior to that of 4 or 8 repetitions with phase rotation operation.
[bookmark: OO1]Observation 1: Obvious CM reduction can be achieved if phase rotation is applied to preamble repetitions when preamble repeated 4 and 8 times in frequency.
· Miss-detection and false alarm probability
[image: ][image: ]
a)  PRACH SCS = 15 kHz
[image: ] [image: ]
b)  PRACH SCS = 30 kHz
[bookmark: _Ref7368948]Figure 5  Performance of different PRACH design
As shown in Figure 5, with increment of the number of repetitions and the length of the preamble sequence, better performance can be achieved. The long sequence and preambles repeated across nearly whole sub band can achieve close performance. Nevertheless, L=139 preamble repeated 4 times with 15kHz SCS and repeated 2 times with 30kHz SCS can also achieve promising performance.


· Overall comparison of different PRACH design
Table 2  MCL and capacity comparison for different PRACH design
	Scheme
	L=139 
	L=1151
	L=139 x 4
	L=139 x 8
	L = 571 x 2
	L=139 
	L=571
	L=139 x 2
	L=139 x 4
	L=283 x 2

	
	(Rel-15)
	
	
	
	
	(Rel-15)
	
	
	
	

	SCS(kHz)
	15
	15
	15
	15
	15
	30
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	1151
	139
	139
	571
	139
	599
	139
	139
	283

	# of repetition (R)
	1
	1
	4
	8
	2
	1
	1
	2
	4
	2

	N_cs
	8
	38
	8
	8
	20
	12
	38
	12
	12
	20

	# of RBs used for one RO (N_RB)
	12
	96
	12
	12
	48
	12
	48
	12
	12
	24

	RACH frequency occupancy (MHz)
	2.085
	17.265
	8.34
	16.68
	17.13
	4.17
	17.97
	8.34
	16.68
	16.98

	Noise level, Np (dBm)
	-105.81 
	-96.63 
	-99.79 
	-96.78 
	-96.66 
	-102.80 
	-96.45 
	-99.79 
	-96.78 
	-96.70 

	SNR (dB)
	-3.77
	-13.86
	-11.3
	-13.37
	-14.19
	-3.58
	-11.11
	-8.48
	-11.39
	-11.47

	P_max (dBm)
	13.34 
	22.38 
	19.37 
	22.38 
	22.38 
	16.35 
	22.38 
	19.37 
	22.38 
	22.38 

	Backoff (dB)
	1.96
	1.97
	3.26
	3.61
	4.12
	1.96
	1.97
	4.11
	3.1
	4.12

	P_TX (dBm)
	13.34 
	21.03 
	19.37 
	19.39 
	18.88 
	16.35 
	21.03 
	18.89 
	19.90 
	18.88 

	MCL (dB)
	122.92 
	131.52 
	130.45 
	129.54 
	129.73 
	122.73 
	128.59 
	127.16 
	128.07 
	127.05 

	N_FDM
	8
	1
	2
	1
	1
	4
	1
	1
	1
	1

	Capacity
	18768
	34500
	4692
	2346
	15960
	6072
	8970
	1518
	1518
	3948





Based on the MCL and capacity analysis, we can observe that long sequence preamble and NR Rel15 preamble repetition in frequency domain can achieve similar MCL performance. For preamble repetition scheme, more repetitions may lead to lower required detection SNR, but it also means higher PAPR/CM which results in transmission power back off. Consequently, more number of repetitions does not mean higher MCL.
[bookmark: OO3]Observation 2: Long sequence and preamble repetition can achieve similar MCL performance.
[bookmark: OO4]Observation 3: More number of preamble repetitions in frequency domain does not necessary bring about higher MCL.
Since PRACH detection algorithm, as described earlier, can be regarded as non-coherent sequence detection, the phase rotation applied on preamble is transparent to the receiver for detection of each preamble replica. In other words, the gNB can detect the preamble without knowing the actual phase rotation applied on each preamble repetition. 
[bookmark: OO5]Observation 4: The phase rotation applied on preamble is transparent to the receiver since gNB can detect the preambles without knowing the phase rotations on the preamble repetitions.
Therefore, the mechanism to reduce cubic metric based on phase rotation can leave to UE implementation. Furthermore, in order to make sure UEs do take actions to reduce CM, MPR requirement for NRU PRACH can be introduced in RAN4. If the phase rotation for repeated preambles is not performed, or the phase rotation combination is not selected adequately, non-negligible transmission power back-off will be observed due to high PAPR/CM signal. 
· 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 uplink 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.
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 network 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 6, 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 6  illustration of PUSCH rate matching with PRACH resources
[bookmark: OO6]Observation 5: NRU PRACH occupying about half of the resource in sub band, i.e. 4 repetitions for 15 kHz and 2 repetitions for 30 kHz, have advantages over preamble repeated across the whole sub band in multiplexing with other channels.
· Specification impact analysis
	
	L=139 x number of repetitions
	Long sequence/repetition of long sequence

	
	Spec change
	Work load
	Spec change
	Work load

	Resource mapping
(frequency-domain resource mapping)
	The RO definition in Rel-15 can almost be reused, PRACH is transmitted in multiple ROs.
	Low
	The RO definition should be changed.
	Medium

	Logical root index mapping
	Same as Rel-15
	None
	Follow symmetric& ascending ordering rule as length 139 preamble, the mapping rule considering the high speed scenario is not adopt.
	Low

	Ncs for unrestricted set
	Same as Rel-15
	None
	The Ncs for unrestricted set should be redesigned, the Ncs rule can simply follow the rule described in [7]
	Low

	Mechanisms to reduce CM
	Phase rotation for preamble needed, however it can leave to UE implementation.
	Low/None
	No mechanism needed for CM reduction
	None

	PRACH format
(time-domain resource mapping)
	Same as Rel-15 A1 A2 A3
	None
	Follow the PRACH format for length 139 preamble, e.g. A1, A2, A3
	Low


[bookmark: OO7]Observation 6: Rel-15 length 139 preamble scheme have less spec impact compared with long preamble sequence with or without repetition.
· Summary of the evaluation
Based on the discussion above, the comparison of the PRACH mapping alternatives are summarized as follows.
	
	Long sequence
(L=1151 for 15kHz
L=571 for 30kHz)
	L=139 preamble repetition
	Long sequence & 2 repetitions
(L=571 for 15kHz
L=283 for 30kHz)

	MCL
	excellent
	good
	good

	FDM with other signals/channel
	hard
	easy
	hard

	capacity
	high
	low
	low

	Spec impact
	medium
	little
	medium


Based on the table above, we can observe that all of the alternatives can achieve good performance. Although length 139 preamble repetition scheme have low PRACH capacity, it has advantages to multiplex with other UL channel if the preambles are not repeated across the whole sub band. Besides, the specification impact is less compared with long sequences with or without repetition in frequency domain.
[bookmark: PP9]Proposal 9: Length-139 preamble based repetition should be adopted for NRU PRACH.
[bookmark: PP10]Proposal 10: Phase rotation should be applied to the preamble repetitions to limit the cubic metric of NRU PRACH with multiple preamble repetitions where the phase rotation combination for multiple ROs is defined (e.g. Table 1)
[bookmark: PP11]Proposal 11: The number for preamble repetitions is preferred to be 4 and 2 for SCS = 15 kHz and 30 kHz, respectively.
· Other UL channel could 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 7, 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 7	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 8, 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 8	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: Only even or odd numbered time domain RACH occasions in a RACH slot are used 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 flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).
Proposal 2: NRU supports RMSI rate matching around SSB if RAN4 decides that SSB can’t be located at or close to the edge of operation carrier.
Proposal 3: RMSI are always assumed to be rate matching around SSB.
Proposal 4: Bitmap ssb-PositionsInBurst indicates valid QCL index of actually transmitted SSBs and all candidate SSBs of indicated valid QCL index inside configured DRS transmission window is considered as ‘actually transmitted SSB’ for rate matching and other further operation (RO mapping, valid PDCCH &PUCCH determination and etc.)
Proposal 5: 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 6: 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 7: RMSI transmission in Scell could be one optional feature to solve PCI confusion problem through SON function and UE is not needed to read RMSI when RRM measurement.
Proposal 8: Only PRACH format A1, A2 and A3 are supported in NR unlicensed spectrum.
Observation 1: Obvious CM reduction can be achieved if phase rotation is applied to preamble repetitions when preamble repeated 4 and 8 times in frequency.
Observation 2: Long sequence and preamble repetition can achieve similar MCL performance.
Observation 3: More number of preamble repetitions in frequency domain does not necessary bring about higher MCL.
Observation 4: The phase rotation applied on preamble is transparent to the receiver since gNB can detect the preambles without knowing the phase rotations on the preamble repetitions.
Observation 5: NRU PRACH occupying about half of the resource in sub band, i.e. 4 repetitions for 15 kHz and 2 repetitions for 30 kHz, have advantages over preamble repeated across the whole sub band in multiplexing with other channels.
Observation 6: Rel-15 length 139 preamble scheme have less spec impact compared with long preamble sequence with or without repetition.
Proposal 9: Length-139 preamble based repetition should be adopted for NRU PRACH.
Proposal 10: Phase rotation should be applied to the preamble repetitions to limit the cubic metric of NRU PRACH with multiple preamble repetitions where the phase rotation combination for multiple ROs is defined (e.g. Table 1)
Proposal 11: The number for preamble repetitions is preferred to be 4 and 2 for SCS = 15 kHz and 30 kHz, respectively.
· Other UL channel could 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: Only even or odd numbered time domain RACH occasions in a RACH slot are used 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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