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Introduction
This document is the update of [1] and [2], and discusses the following NR-U PRACH aspects:
PRACH format
PRACH interlace mapping
PRACH resource enhancements in time domain and frequency domain
[bookmark: _GoBack]PRACH format
In NR Rel-15, PRACH sequence length L=139 and 839 are supported. In NR-U TR [3], L=839 is identified not to be beneficial for NR-U. We would propose to support L=139 only as we don’t see the benefit to support the other length.

[bookmark: RACH_L]Proposal 1:	PRACH sequence length L=139 is supported for NR-U.

According to NR-U WID [4], 60 kHz SCS for PUSCH/PUCCH is going to be specified as well as 15/30 kHz SCS. Therefore, it is beneficial to support 60 kHz SCS for PRACH also in order to realize multi-user FDM of PRACH and PUSCH (PUCCH) with 60 kHz SCS. Furthermore, there may be the gain to shorten the occupied duration of PRACH occasion (RO). In NR-U WID [4], the relationship between 60 kHz SCS for PRACH and OCB requirement is mentioned. On the temporary narrow OCB of minimum 2 MHz, using short PRACH preamble, the OCB would be wider than 2 MHz according to the table 6.3.3.2-1 in TS 38.211. On wide OCB requirement of wider than 80% NCB, irregular interlaced mapping that we propose below can be designed to meet this OCB requirement. Therefore, to support 60 kHz SCS for PRACH would not be the issue.

Therefore, we would propose the following.

[bookmark: RACH_SCS]Proposal 2:	60 kHz SCS should be supported for NR-U PRACH as well as 15/30 kHz SCS.

PRACH interlace mapping
This chapter is the update of [1].
In 3GPP TR38.889, following four potential design alternatives have been identified for frequency mapping of PRACH [3]. In this section, we compare the each interlace design, in viewpoint of timing estimation accuracy, CM, multiplexing with other signals channels, PSD and OCB requirement. 
· Alt-1: Uniform PRB-level interlace mapping (B-IFDM+ uniform spacing)
· Alt-2: Non-uniform PRB-level interlace mapping (B-IFDM + non-uniform spacing) [1]
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in frequency domain
· Alt-3: Uniform RE-level interlace mapping
· Alt-4: No interlacing mapping (contiguous only)

Timing estimation accuracy
The Figure 1 shows the evaluation results on the auto correlation properties using Zadoff-Chu sequence where a length-113 Zadoff-Chu sequence is cyclically extended to length-120. In the evaluation, 20MHz bandwidth and 30 kHz SCS are assumed and the resource mapping of B-IFDM as Figure 2 is used. In this document, B-IFDM + non-uniform spacing means the mapping method that the different interlace number can be set for each cluster. In the Figure 2 (b), interlace number {0, 2, 1, 0, 1, 2, 0, 2, 1, 0} is used for each cluster as an example of B-IFDM + non-uniform spacing (Alt-2). In the Figure 2 (a), the B-IFDM + uniform spacing (Alt-1) is also shown. RE interval is set to 5 for uniform RE-level interlace mapping (Alt-3) in the evaluation. From the evaluation results, Alt-4 shows better auto correlation property compared with the other methods. The correlation properties of PRACH preamble using the B-IFDM + uniform spacing (Alt-1) have some issues in timing estimation, because there are many false peaks in the correlation properties. Alt-2 (B-IFDM + non-uniform) shows better auto correlation property compared with Alt-1. In Alt-3, preamble is repeated by RE interval in time domain, therefore false peak occurs at the interval obtained by dividing the symbol length by the RE interval. For 30kHs SCS with short preamble format and RE interval as 5, the correlation peak of figure 1 are occurred in each 6.6 us. If the number of cyclic shift of PRACH preamble is 1, around 1 km cell size can be supported. If the number of cyclic shift of PRACH preamble is 6, around 150m cell size can be supported. These false peak can constrain or make the deployment more complex. Therefore, we suggest not to take Alt-3. 
[image: ] 
[bookmark: _Ref524369465]Figure 1 Auto correlation properties of PRACH preamble
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(a) B-IFDM + uniform spacing
	[image: ]
(b) B-IFDM + non-uniform spacing


[bookmark: _Ref524369562]Figure 2 Interlace mapping method of B-IFDM + uniform spacing and B-IFDM + non-uniform spacing in 30KHz SCS (the number of interlaces is 5, the nominal number of PRBs per interlace is 10PRB) 



CM
The Table 1 shows the evaluation results of CM. In this evaluation, the resource mapping of B-IFDM as Figure 2 is used. According to this, Alt-3 and Alt-4 have better CM than Alt-1 and Alt-2. However, it would be not so big issue as the targeted cell size is relatively small in NR-U compared with licensed band operation.
[bookmark: _Ref524447999]Table 1 CM of PRACH preamble
	Interlace design
	CM [dB]

	Alt-1 (Uniform PRB-level interlace mapping)
	2.17

	Alt-2 (Non-uniform PRB-level interlace mapping)
	3.44

	Alt-3 (Uniform RE-level interlace mapping)
	1.80

	Alt-4 (No interlacing mapping)
	1.80



Multiplexing with other signals channels
In the scenario which B-IFDM is used for PUCCH/PUSCH, Alt-1 can multiplex with PUCCH/PUSCH with B-IFDM easily. In Alt-2, if nested resources are allocated for multiple PRACH occasions as Figure 3, Alt-2 can also multiplex with PUCCH/PUSCH with B-IFDM easily. For example, interlace#0-2 are used for PRACH, and other interlace numbers are used for PUCCH and PUSCH. Alt-3 and Alt-4 can’t multiplex PUCCH/PUSCH easily.
[image: ]
[bookmark: _Ref524430440] Figure 3 PRACH resource allocation for multiple PRACH occasions 
PSD and OCB requirement
Alt-1, Alt-2 and Alt-3 can fulfil OCB requirement and increase transmission power more than Alt-4 under PSD limitation. Alt-4 can’t fulfil OCB requirement, therefore frequency domain repetition of preamble or temporal allowance of at least 2MHz OCB mechanism have to be applied.

Summary of the comparison of each interlace design
Based on the discussion above, the Table 2 shows the summary of the comparison of each interlace design in the scenario which B-IFDM is used for PUCCH/PUSCH. From the viewpoint of multiplexing with other channel and timing estimation accuracy, our proposal is the following.


[bookmark: _Ref524431532]Table 2 Summary of the comparison of each interlace design 
	Interlace design
	Multiplexing with other channel
	Timing estimation accuracy
	CM
	PSD/OCB requirement

	Alt-1 (Uniform PRB-level interlace mapping)
	Excellent
	bad
	good
	Excellent

	Alt-2 (Non-uniform PRB-level interlace mapping)
	good
	fair
	fair
	Excellent

	Alt-3 (Uniform RE-level interlace mapping)
	Bad
	Good
	Excellent
	Excellent 

	Alt-4 (No interlacing mapping)
	Bad
	Excellent
	Excellent
	Bad



[bookmark: RACH_mapping]Proposal 3:	For NR-U PRACH, support B-IFDM + non-uniform spacing in the scenario which B-IFDM is used for PUCCH/PUSCH.

PRACH resource enhancements
This chapter is the update of [2].
PRACH resource configuration in a wideband carrier
According to option 1a in RAN1#94bis agreement of Appendix, in a wideband carrier with a bandwidth larger than 20MHz, multiple PRACH resources can be configured across multiple LBT sub-bands in the carrier for both contention-free and contention-based random access. This option offers more transmission opportunities for PRACH against LBT failures. It deserves to be addressed how PRACH resources are configured across multiple LBT sub-bands in a wideband carrier. 
[bookmark: _Hlk508280483]For the NR licensed band PRACH resource configuration, PRACH resources are consecutively allocated in frequency domain. The starting position of PRACH resources in frequency domain is specified by the high-layer parameter msg1-FrequencyStart and the number of PRACH frequency resources is specified by the higher-layer parameter msg1-FDM. If these designs are reused for NR-U, some PRACH resources may be allocated across two adjacent sub-bands within a wideband carrier, as illustrated in Figure 4. In case of LBT failure in either of the two adjacent sub-bands, these PRACH resources will be unavailable for PRACH transmission. As a result, the NR licensed band PRACH resource configuration may not work well for NR-U.
Observation 1: NR licensed band PRACH resource configuration may be inefficient for NR-U.
[image: ]
[bookmark: _Ref534639102]Figure 4 Example NR licensed band PRACH resource configuration in a wideband unlicensed carrier
In order to maximize the availability of PRACH resources against LBT failures, PRACH resource configuration within a wideband carrier is on a LBT sub-band basis, as illustrated in Figure 5, is useful. That is, the higher-layer parameters for PRACH resource configuration (e.g. msg1-FrequencyStart and msg1-FDM) can be defined for each of the sub-bands configured with PRACH. In this case, no any PRACH resources are allocated across two adjacent sub-bands and thus the availability of PRACH resource in a sub-band is not affected by the LBT outcome in another sub-band.  
Proposal 4: PRACH resource configuration in a wideband unlicensed carrier is on a LBT sub-band basis.
[image: ]
[bookmark: _Ref534638938]Figure 5 Example PRACH resource configuration in a wideband unlicensed carrier
Time-domain RACH resource enhancement
According to option 2a and option 2b in RAN1#94bis agreement of Appendix, PRACH resources can be dynamically scheduled via DCI for connected mode UE or scheduled via paging for idle mode UE. These two options mean PRACH is sent in gNB obtained COT and are beneficial for reducing RACH access delay since connected mode UE or idle mode UE need not to wait for the next available semi-statically configured PRACH resource for PRACH transmission. In addition, it can avoid inefficient resource utilization by fragmented PRACH transmissions among UEs. It would also allow multiplexing with other channels in a FDM manner. 

According to option 2c in RAN1#94bis agreement of Appendix, PRACH resources can be configured right after DRS transmission. This option is also beneficial for reducing RACH access delay since the number of LBTs performed by UEs for PRACH transmission can be reduced. The merit obtained option 2a and 2b are equally available in this option. 

According to option 2d in RAN1#94bis agreement of Appendix, multiple PRACH transmissions are allowed before Msg2 reception in RAR window for initial access. As we don't understand the motivation of this option, we propose not to support option 2d. 

Proposal 5: Option 2a, 2b and 2c are supported in NR-U.

SSB-to-RO Mapping in a wideband carrier
In a wideband carrier, the PRACH occasions (ROs) associated with an SSB shall be distributed over different sub-bands or time instants so that RO availability in time or frequency domain can be maximized against LBT failures. According to option 2e in RAN1#94bis agreement of Appendix, group wise SSB-to-RO mapping is performed by frequency first-time second manner, where grouping is in time domain. Such a group wise SSB-to-RO mapping is able to make the ROs associated with an SSB distributed over different time instants. However, it may not be able to make the ROs associated with an SSB distributed over different sub-bands, as illustrated in Figure 6.
Observation 2: In a wideband unlicensed carrier, group wise SSB-to-RO mapping by frequency first-time second manner may not be able to make the ROs associated with an SSB distributed over different sub-bands.

[image: ]
[bookmark: _Ref534638971]Figure 6 Example of group wise SSB-to-RO mapping by frequency first-time second in a wideband unlicensed carrier (2 ROs per RO group, 8 ROs per SSB)
In order to make the ROs associated with an SSB distributed over different sub-bands and time instants, the group wise SSB-to-RO mapping can be performed by sub-band first-frequency second-time third manner, as illustrated in Figure 7. 
[image: ]
[bookmark: _Ref534639064]Figure 7 Example of group wise SSB-to-RO mapping by sub-band first-frequency second-time third in a wideband unlicensed carrier (2 ROs per RO group, 8 ROs per SSB)

Proposal 6: In a wideband unlicensed carrier, group wise SSB-to-RO mapping is performed by sub-band first-frequency second-time third manner, where grouping is in time domain.


Conclusion
For NR-U PRACH, we would have the observations and the proposals as follow:
	Proposal 1
	PRACH sequence length L=139 is supported for NR-U.

	Proposal 2
	60 kHz SCS should be supported for NR-U PRACH as well as 15/30 kHz SCS.

	Proposal 3
	For NR-U PRACH, support B-IFDM + non-uniform spacing in the scenario which B-IFDM is used for PUCCH/PUSCH.

	Observation 1
	NR licensed band PRACH resource configuration may be inefficient for NR-U.

	Proposal 4
	PRACH resource configuration in a wideband unlicensed carrier is on a LBT sub-band basis.

	Proposal 5
	Option 2a, 2b and 2c are supported in NR-U.

	Observation 2
	In a wideband unlicensed carrier, group wise SSB-to-RO mapping by frequency first-time second manner may not be able to make the ROs associated with an SSB distributed over different sub-bands.

	Proposal 6
	In a wideband unlicensed carrier, group wise SSB-to-RO mapping is performed by sub-band first-frequency second-time third manner, where grouping is in time domain.
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[bookmark: _Ref525834641]Appendix – Agreements from prior Meetings
The following PRACH channel design for NR-based Access to Unlicensed Spectrum (NR-U) were captured in 3GPP TR38.889 [3]:

	It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.



	Four potential design alternatives, including no interlacing, have been identified for the frequency mapping of PRACH sequences for NR-U, where consensus on which one(s) to support for NR-U has not yet been achieved:
-	Alt-1: Uniform PRB-level interlace mapping
-	In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of  the PRBs of one or more of the interlaces in the PRB-based block interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
-	It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs.
-	Alt-2: Non-uniform PRB-level interlace mapping 
-	In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
-	It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain reduces the false peaks in the PRACH preamble auto-correlation function.
-	Alt-3: Uniform RE-level interlace mapping 
-	In this approach, a PRACH sequence for a particular PRACH occasion consists of a "comb-like" mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets.
-	Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
-	Alt-4: Non-interlaced mapping 
-	In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15.
-	Some sources propose that to fulfill the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied.



The following aspects are captured in NR-U WID [4]:
	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.



The following agreement related to initial access and mobility in NR-U has been reached in RAN1#94bis: 
	Agreement:
For potential RACH resource enhancement, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement: 
0. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA.
1. Time-domain enhancements
1. For connected mode UE, scheduling of PRACH resources via DCI. 
0. Triggered PRACH within TXOP can use a new resource indicated by the DCI
1. For idle mode UE, scheduling of PRACH resources via paging
1. Note: potential inefficiency in network resource due to paging across multiple cells
1. Additional, new RACH resources are used immediately following detection of DRS transmission
1. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
3. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
1. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
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