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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). 60kHz 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 this paper, NR-U DRS design and PRACH based on WID guidance are discussed in the following sections.
2. Discussion
1.1. Discovery reference signal (DRS) 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 1 (see next page): DRS includes 4 DRS units, where each DRS unit is 7 symbols long including one SSB and RMSI-CORESET+RMSI PDSCH.
Proposal 1: 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 1) or 14 symbols (see Figure 2). The comparison of these two choices are given in the following table:
Table 1
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
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Figure 1

Illustration of DRS with multiple DRS units (7-symbol DRS unit)
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Figure 2

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:
Proposal 2: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols.
In NR Rel 15, several SSB patterns 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 3: 
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Figure 3

SSB patterns for sub-7 in NR Rel 15
Regarding proposal 2 on supporting 7-symbol DRS unit, Case B is not feasible since there is no gap between some successive SSBs for placing RMSI-CORESET. Therefore, Case A and Case C are supported for NRU in all FR1 unlicensed bands.
Proposal 3: NR-U supports SSB pattern Case A and Case C for 15KHz and 30KHz SCS respectively in all FR1 unlicensed bands.
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, e.g. 6ms window. 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:
Proposal 4: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {2ms, 4ms, 6ms, 8ms}).
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 contaminated 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. 
Proposal 5: NR-U should re-design the Type0-PDCCH common search space configuration with more NRU related information conveyed.
1.2. PRACH design
Rel-15 NR supports 13 preamble formats with different sequence lengths and configurable SCSs. The SCS is either 1.25kHz or 5kHz for long formats with sequence L=839 while 15/30/60/120 kHz are supported for short ones with L=139. One regulatory requirement commonly considered in unlicensed spectrum is OCB, which should be larger than 80% of the Nominal Channel Bandwidth for sub-7 GHz NR-U frequency. Apparently, the PRACH mechanism supported in the licensed band cannot fulfill the OCB requirement.

In the following sections, we discuss different PRACH transmission schemes and provide some simulation results.

1.2.1 OCB regulation
If RAN1 agrees that UE is not forced to meet OCB requirement when transmitting PRACH, given that during a COT device may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz during a COT, PRACH transmission occupying frequency range wider than 2 MHz bandwidth can be transmitted directly without further enhancement. 

In Table 2, we summarize the bandwidth for each PRACH format. It can be noted that if multiple Msg.1 transmissions in frequency domain are not supported, format 0,1,2 can be excluded in NR-U. Furthermore, format 3 can also be excluded if it is necessary to ensure the same SCS for PRACH and other UL transmission.
Table 2. Bandwidth of RO in FR1
	
	length
	SCS
	Bandwidth of an RO

	Long: format 0,1,2
	839
	1.25kHz
	1.08MHz

	Long: format 3
	839
	5kHz
	4.32MHz

	Short: A,B,C
	139
	15kHz
	2.16MHz

	Short: A,B,C
	139
	30kHz
	4.32MHz


If the OCB requirement is mandatory for PRACH transmission, several options can be considered: 

· Opt.1 Multiple msg1 transmissions in frequency domain 

· Opt.2 Interlace based PRACH transmission

On top of the legacy single Msg1 scheme, opt.1 allows a specific number of simultaneous Msg1 instances which occupy a wider frequency range to meet the OCB requirement. Since FDMed RO and 1-to-multiple SSB-RO mapping have already been supported in NR Rel.15, the multiple FDMed msg1 transmissions mechanism can be easily supported in the physical layer by using Rel.15 PRACH configuration.
One potential concern arising from the FDMed Msg1 repetition would be a lower PRACH capacity. Another concern is that in some conditions the largest gap between two ROs in legacy PRACH configuration still cannot meet the OCB requirement. For example, if prach-FDM=8, preamble length=139 and preamble SCS =15kHz, the total bandwidth of 8 RO is 8.64MHz, less than 80% of the nominal channel bandwidths. As mentioned in [2], in order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH. In this case, these issues can be solved by configuring denser RACH time instances and extending frequency range of FDMed ROs.
For example, in the unlicensed band, wider gap between two neighboring ROs in the frequency domain can be introduced. The gap should be carefully chosen to make sure that the OCB requirement can be sufficiently fulfilled. In opt.2, one leading idea is that RB level interlace structure is a useful enhancement that eases the UE multiplexing and power boosting for UL transmission. However, as is shown in in 2.2.2, PRACH detection performance of B-IFDMA severely deteriorates when suffering from interference. 

Based on the above analysis, opt.1 is straightforward and requires minor changes to the RAN1 spec.

Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement and requires minor RAN1 spec efforts.

Proposal 6: Long PRACH formats are needed only if a few tens of kilometres coverage is expected in unlicensed band.

Proposal 7: If it is allowed that PRACH can be transmitted without meeting the OCB regulatory, some PRACH formats can be excluded, e.g., format 0,1,2,3.

1.2.2 Evaluation of PRACH

To further evaluate the performance of these PRACH transmission scheme, we provide some simulation results, where the miss detection rate is evaluated under different interference levels. The simulation assumptions are given as below.

Table 3.  Simulation Assumptions

	Attributes 
	Values or Assumptions 

	Carrier Frequency 
	5GHz; 

	Subcarrier spacing
	15kHz; 

	Bandwidth
	20MHz/106RBs

	Channel model
	TDL-A; delay spread=100ns; 

Low correlation

	UE speed
	3km/h;

	gNB antenna number
	2

	UE antenna number
	1

	PRACH format
	Format A1

	B-IFDM scheme
	8 interlaces, each consisting of 12 RBs

	FDM Msg1 repetition
	2

	Interference UE
	-3/0/3dB compared with target UE

Subcarrier spacing: 15kHz

Bandwidth: 20MHz/106RB, whole bandwidth.

Modulation: 16QAM
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Figure 4. Comparison of B-IFDM, normal PRACH, and FDM Msg1 repetition 

As shown in the simulation results above, the performance of B-IFDM based PRACH is slightly worse than the normal PRACH mapping when there is no interference. However, with the increasing of the interference level, the performance of B-IFDM based PRACH deteriorates dramatically compared with the normal PRACH mapping. In B-IFDM, the PRACH sequence is mapped in a non-consecutive manner throughout channel bandwidth, and the auto-correlation property cannot be guaranteed, especially when the level of interference is close to or even higher than the received PRACH signal power observed at the gNB, which is a typical scenario in unlicensed spectrum. Therefore, the continuous resource allocation for PRACH should be adopted to guarantee the detection performance of PRACH in unlicensed spectrum.

Based on the above discussion, multiple FDMed Msg1 is a better choice as it provides better miss-detection performance and requires minor spec changes.

Observation 2: With the increasing of interference level, the performance of B-IFDM based PRACH deteriorates dramatically compared with the normal PRACH.

Proposal 8: Multiple FDMed Msg1 is preferred to ensure the detection performance of PRACH in NRU. 

1.2.3 PRACH and PUSCH coexistence
Timing advance mechanism is used to control UL transmission by NW, which instructs UE to transmit the UL signal in advance to compensate the propagation delay so that the orthogonality across simultaneous uplink transmissions can be guaranteed. The timing advance offset is proportional to the distance between UE and gNB, which means that for the UE far from the base station, a larger TA value is required.

The only exception is the transmission of PRACH where there may be no valid information for uplink synchronization, and UE shall assume that timing advance is zero. Guard period is needed to handle the uncertain PRACH transmission delay. However, for the random access attempts using a PRACH format without GP, e.g., A1, if they are transmitted on the last RO within a PRACH slot, then at least one OFDM symbol following the RO must be left empty. In this case, the blank symbol can serve as guard period to avoid ISI between PRACH and its following symbols not used for random access. 
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Figure 5. Blockage between PRACH and PUSCH
However, there is also a possibility that PRACH transmission is blocked by the concurrent PUSCH transmission. PUSCH transmission is signaled in advance compared with the multiplexed PRACH, but it may fall into the monitoring region for PRACH occasion. To be more specific, if the cell-edge UE who intends to transmit PRACH is in proximity to the one who attempts to transmit PUSCH, the timing advance offset could be larger than the time for RX-TX switching required by UE so that there would be overlapping between PUSCH transmission and the LBT window for PRACH.

Furthermore, if the overlapping part is longer than the 4us, the nominal channel will be claimed as busy within a specified period under the UL channel access rules. As a result, UE has to continue assessing PRACH resources, and the selected RACH occasion becomes unavailable. An example of this case is shown in Figure 5, where both CP and part of PUSCH are included in LBT1 for Msg1.

Considering that the cell coverage required in NR-U may be relatively small compared with that of licensed spectrum, short PRACH formats and 15 kHz/30 kHz can be considered as baseline. The rx2tx gap requirements defined by RAN4 are 13us and 7us respectively for FR1 and FR2. The values of maximum TA typically increase with the cell radius supported by those PRACH formats and are summarized in Table 5. Note that the overlapping part larger than 4us can easily occur in case A3, B4, C0 and C2, resulting in the blockage of  PRACH. 

Table 4. UE Rx/Tx Transition Times
	Transition/FR
	FR1
	FR2

	TRX2TX
	13us
	7us

	TTX2RX
	13us
	7us


Table 5. Maximum TA values and length of the overlapping part
	
	Path 

profile 
(us)

	GP
	RACH SCS=15kHz
	Overlapping part
	RACH 

SCS=30kHz
	Overlapping part

	
	
	
	Radius

(m)
	Max TA


	Max TA

-13us
	Max TA

-7us
	Radius

(m)
	Max TA


	Max TA

-13us
	Max TA

-7us

	A1
	3.13 
	0
	938
	6.25us
	/ Note1
	/
	469
	3.13 us
	/
	/

	A2
	4.69 
	0
	2,109
	14.06us
	1.06us
	7.06us
	1054.5
	7.03 us
	/
	0.03us

	A3
	4.69 
	0
	3,516
	23.44us
	10.44us
	16.44us
	1758
	11.72us
	/
	4.72us

	B1
	3.13 
	72
	469
	3.13us
	/
	/
	234.5
	1.56us
	/
	/

	B2
	4.69 
	216
	1,055
	7.03us
	/
	0.03us
	527.5
	3.52 us
	/
	/

	B3
	4.69 
	360
	1,758
	11.72us
	/
	4.72us
	879
	5.86 us
	/
	/

	B4
	4.69 
	792
	3,867
	25.78us
	12.78us
	18.78us
	1933.5
	12.89us
	/
	5.89us

	C0
	4.69
	1096
	5300
	35.33us
	22.33us
	28.33us
	2560
	17.67us
	4.665 us
	10.665us

	C2
	4.69
	2916
	9200
	61.33us
	48.33us
	54.33us
	4600
	30.67us
	17.665us
	23.665us


Note1: In this case, the PUSCH part transmitted before PRACH is covered by UE Rx/Tx transition period so it won’t disrupt the assessment for the availability of PRACH channel.

In order to eliminate the blockage issues, additional gaps in time domain between PRACH and PUSCH may be needed, leading to lower resource efficiency. The blockage may be inevitable if the cell coverage is large. If only small cell, e.g. less than 400m, is considered in NR-U, the PUSCH part transmitted before PRACH will be covered by UE Rx/Tx Transition period, PRACH transmission is still possible.

Observation 3: The PUSCH tranmission may block PRACH transmission occurs in overlapping resources.
Observation 4: PRACH and PUSCH transmitted in overlapping resources may still be possible in NR-U deployment if the cell size is small. 

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: 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).


 REF PP2 \h 

Proposal 2: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols.


 REF PP3 \h 

Proposal 3: NR-U supports SSB pattern Case A and Case C for 15KHz and 30KHz SCS respectively in all FR1 unlicensed bands.


 REF PP4 \h 

Proposal 4: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {2ms, 4ms, 6ms, 8ms}).


 REF PP5 \h 

Proposal 5: NR-U should re-design the Type0-PDCCH common search space configuration with more NRU related information conveyed.

Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement and requires minor RAN1 spec efforts.
Proposal 6: Long PRACH formats are needed only if a few tens of kilometres coverage is expected in unlicensed band.



 REF PP7 \h 

Proposal 7: If it is allowed that PRACH can be transmitted without meeting the OCB regulatory, some PRACH formats can be excluded, e.g., format 0,1,2,3.


Observation 2: With the increasing of interference level, the performance of B-IFDM based PRACH deteriorates dramatically compared with the normal PRACH.


Proposal 8: Multiple FDMed Msg1 is preferred to ensure the detection performance of PRACH in NRU. 


Observation 3: The PUSCH tranmission may block PRACH transmission occurs in overlapping resources.


 REF OO4 \h 

Observation 4: PRACH and PUSCH transmitted in overlapping resources may still be possible in NR-U deployment if the cell size is small. 
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