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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15]At the RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the WID of NR-U, it describes about specifying support for discovery reference signal DRS design, PRACH. During NR-U SI stage, some agreements have been reached and can be regarded as a starting point for NR-U research in WI phase.  In RAN1 #AH1901 and RAN1 #96 meeting [2-3], some agreements about DRS and PRACH were further reached:
RAN1 #AH1901 Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
RAN1 #AH1901 Conclusion:
· No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.
RAN1 #AH1901 Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
RAN1 #96 Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.
RAN1 #96 Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.

RAN1 #AH1901 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
In this contribution, we share our views on initial access signals and channels for NR-U, including DRS design, PRACH design and simulation results on PRACH resource allocation in the frequency domain.
 DRS design
2.1 SS/PBCH block pattern in time domain
As agreed in RAN1 #AH1901 and #96 meeting, RAN1 supports configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block, and will down-select two options of SS/PBCH block pattern. The pattern of Option 1 (at symbols (2, 3, 4, 5) and (8, 9, 10, 11) in the slot) corresponds to Case A with 15 KHz SCS and Case C with 30 KHz SCS in Rel-15 NR. The pattern of Option 2 (at symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot) is symmetrical in half of a slot, which is a new pattern different from those in Rel-15 specification. The patterns of Option 1 and Option 2 are illustrated in Figure 1. Case B with 30 KHz SCS in Rel-15 NR was excluded for NR-U in RAN1 #96 meeting.
Since one SS/PBCH block is defined in each half slot, it is natural to set a DRS shift granularity as a half slot. Option 2 can facilitate DRS to achieve half slot shift. DRSs in the first half slot and the latter half slot should have the same structure. The identical pattern of SS/PBCH blocks in every half slot is more suitable for designing CORESET#0 and RMSI PDSCH. CORESET#0 can start from the beginning of any half a slot (i.e. symbol #0 or #7) regardless which of the two symbols. This reduces the implementation complexity. Further, more time/frequency resources can be used for carry RMSI PDSCH in the first half slot. Therefore, the pattern of Option 2 is preferred.


Figure 1 SS/PBCH block mapping patterns
Proposal 1: The pattern of Option 2 is preferred for NR-U, i.e. two SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot respectively.
2.2 Multiplexing pattern between SS/PBCH block and RMSI PDCCH/PDSCH
2.2.1 The slot for starting monitoring Type-0 PDCCH
For SA and DC scenarios, DRS should include at least SS/PBCH, RMSI PDCCH/PDSCH. These reference signals and channels could be multiplexed as a DRS in a same short time unit (a slot or a half slot is preferred) to minimize the DRS duration, in order to use higher priority LBT (e.g. CAT2), to reduce the times of channel access and meet the OCB requirements. Thus, these DRS components should not span cross multiple slots with each other, which will not only lead to a longer DRS duration, but also generate possible multiple gaps in time domain.






For multiplexing pattern 1 of the SS/PBCH block and CORESET in Rel-15 NR, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot . For SS/PBCH block with index , the UE determines an index of slot  as . Wherein  (1/2, 1, or 2) and (0, 2, 5, or 7) are provided by Tables 13-11 in 3GPP TS 38.213 that is copied below. The index for the first symbol of the CORESET in the slot is the first symbol index provided by Table 13-11. 
3GPP TS 38.213 Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	


{0, if  is even}, {,（=1,2,3） if  is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2


















However, if  = 1 or 2 and/or = 2, 5, or 7, the slot carrying SS/PBCH block i and the slot  for starting monitoring corresponding Type-0 PDCCH are not in the same slot. They are evenly separated by several slots depending on the configuration of parameter  and . Figure 2 shows the slot  for starting monitoring Type-0 PDCCH and monitoring window for each SS/PBCH block i with the parameter M = 2, 1, and 1/2 in Rel-15 NR. From Figure 2(a) and 2(b), we can observe that SS/PBCH block i (i > 0) and associated Type-0 PDCCH can hardly be located in a same slot if M is configured to 2 or 1 even assuming offset O equals to zero. Only when  = 1/2 and = 0 as shown in Figure 2(c), SS/PBCH block  i  and its corresponding Type-0 PDCCH  can belong to a same slot. Thus only index #1 ( = 0 and = 1/2) in Table 13-11 in 3GPP TS 38.213 should be supported for NR-U. Furthermore, UE can monitor Type-0 PDCCH in only one slot i.e. slot . First symbol index should be changed from “{0, if  is even}, {,（=1,2,3） if  is odd}” to  “{0, if  is even}, {7, if  is odd}”.  Figure 2(c) illustrates the locations of SS/PBCH block i, associated Type-0 PDCCH, and monitoring window (one slot).
            [image: ]
(a) M = 2, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
[image: ]
(b) M = 1, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
[image: ]
(c) M = 1/2, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
[image: ]
(d) M = 1/2, O =0, the length of Type-0 PDCCH monitoring window = 1 slot

Figure2 Slot  for starting monitoring Type-0 PDCCH and monitoring window for SS/PBCH block i







Proposal 2: For NR-U, only index #1 ( = 0 and = 1/2) in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and corresponding Type-0 PDCCH in the same slot. Wherein, first symbol index for starting monitoring Type-0 PDCCH should be changed from “{0, if  is even}, {,（=1,2,3） if  is odd}” to  “{0, if  is even}, {7, if  is odd}”.
2.2.2 Location of RMSI PDCCH/PDSCH
Figure 3 shows two examples of multiplexing pattern between SS/PBCH block and RMSI PDCCH/PDSCH. In Option 2, SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9 ,10, 11, 12) in a slot. As suggested in Proposal 2, CORESET#0 should start from symbol #0 in the first half slot and symbol #7 in the latter half slot. In order not to affect the transmission of SS/PBCH block, the number of CORESET#0 symbols can be configured to {1, 2}. Configuring 3 symbols for CORESET#0 is not supported correspondingly. Moreover, Symbol #1 and #8 are not recommended to be configured as the starting symbols for CORESET#0. Because if this is done, only one symbol (symbol #1 or #8) at most in half-slot can be configured for CORESET#0. It also lead to RMSI PDSCH has less resources. 
[image: ]
                     Figure 3 Multiplexing pattern between SSB and RMSI PDCCH/PDSCH, assuming SSB 
in symbols {2, 3, 4, 5} and {9, 10, 11, 12}.
Proposal 3: In order not to collide with the transmission of SS/PBCH block, the maximum number of CORESET#0 symbols is 2 for NR-U.
2.2.3 RMSI PDSCH rate matching around SS/PBCH blocks
In Rel-15 NR, when receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH. This assumption will cause RMSI PDSCH not being able to be scheduled on time-frequency resources containing SS/PBCH blocks. One method is that RMSI PDSCH is only scheduled in frequency resources below or above SS/PBCH blocks, which will result in too few available REs/RBs to carry RMSI. Therefore, above assumption in 3GPP TS 38.214 should be revisited. RMSI PDSCH should be able to be rate matched around SS/PBCH blocks as shown in Figure 3.  
Proposal 4: For NR-U, RMSI PDSCH should be able to be rate matched around SS/PBCH blocks in DRS occasion. The assumption for RMSI PDSCH and SS/PBCH blocks in 3GPP TS 38.214 should be revisited.
2.2.4 Default PDSCH SLIV table changes
For the mapping patterns as shown in Figure 3(a) and 2(b) in Section 2.2.2, there is no time-domain gap in the slot containing two SS/PBCH blocks. If the duration of a DRS occasion is longer than one slot (e.g. two slots), or DRS duration equals to one slot and only one DRS needs to be sent successfully in the DRS transmission window, or DRS duration equals to one slot and the DRS is sent at the last candidate position in the DRS transmission window, the time-domain gap is not needed inside a slot. In addition to the mapping patterns as shown in Figure 3, there are still some other mapping patterns. In Figure 4, DRS duration equals to half slot, and one symbol gap is inserted at the end of every half slot for LBT before next DRS transmission. In Figure 5, DRS duration equals to one slot, and one symbol gap for LBT is inserted at the end of every slot. 
[image: ]
Figure 4 Symbol #6 and #13 is emptied for LBT if DRS duration is a half slot
[image: ]
Figure 5 Symbol #13 is emptied for LBT if DRS duration is one slot
According to above mapping patterns, default PDSCH SLIV (start and length indicator value) table in the Table 5.1.2.1.1-2 in 3GPP TS 38.214 should support more possibilities of the combinations of the start symbol S and the allocation length L. Table 1 below summarizes the combinations required by NR-U and whether they are supported in the existing Rel-15 NR specification (row index is given in Table 5.1.2.1.1-2 in 3GPP TS 38.214).
Table 1 The combination of the start symbol S and the allocation length L for NR-U
	Case
	CORESET#0
	S
	L
	Rel-15 NR Status

	Case 0
(no gap in a slot)
	Figure 3 (a)
(one symbol)
	Symb #0
	1
	6
	Already support (row index = 13)

	
	
	Symb #7
	8
	6
	Not support

	
	Figure 3 (b)
(two symbols)
	Symb #0 and #1
	2
	5
	Already support (row index = 5)

	
	
	Symb #7 and #8
	9
	5
	Not support

	Case 1
(a gap at last symbol in every half slot for LBT)
	Figure 4 (a)
(one symbol)
	Symb #0
	1
	5
	Not support

	
	
	Symb #7
	8
	5
	Not support

	
	Figure 4 (b)
(two symbols)
	Symb #0 and #1
	2
	4
	Already support (row index = 14)

	
	
	Symb #7 and #8
	9
	4
	Already support (row index = 6)

	Case 2
(a gap at last symbol in every slot for LBT)
	Figure 5 (a)
(one symbol)
	Symb #0
	1
	6
	Already support (row index = 13)

	
	
	Symb #7
	8
	5
	Not support

	
	Figure 5 (b)
(two symbols)
	Symb #0 and #1
	2
	5
	Already support (row index = 5)

	
	
	Symb #7 and #8
	9
	4
	Already support (row index = 6)



Proposal 5: For NR-U, additional combinations of the start symbol S and the allocation length L should be supported in default PDSCH SLIV table as follows, assuming SSB located in symbols {2, 3, 4, 5} and {9, 10, 11, 12} with Option 2:
· Case 0 (no gap in a slot): {S=8, L=6},  {S=9, L=5}
· Case 1(a gap at last symbol in every half slot for LBT): {S=1, L=5},  {S=8, L=5}
· Case 2(a gap at last symbol in every slot for LBT): {S=8, L=5}
2.3 DRS pattern in frequency domain
According to ETSI regulation in 5 GHz band [4], the Occupied Channel Bandwidth (OCB), defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB). The OCBs of an SS/PBCH block with SCS 15 KHz, 30 KHz are equal to 3.6 MHz, 7.2 MHz respectively. Take an SS/PBCH block with SCS 15 KHz in 5 GHz band as an example. It is almost impossible to meet the OCB requirements if used alone. For SA and DC scenarios, SS/PBCH block as a necessary component can be multiplexed and transmitted with other downlink signals or channels, e.g. RMSI PDCCH/PDSCH as analyzed in section 2.2. In this case, meeting OCB requirements may not be a problem. However, at least for CA scenario (NR-U cell as a SCell), how to satisfy OCB requirements needs to be further considered. The following method can be considered:
· Alt-1: Repeat the SS/PBCH block transmission in frequency domain 
Repeated SS/PBCH blocks in frequency domain can use a same SS/PBCH block index and are transmitted in a same beam direction. Or different SS/PBCH block positions in the frequency domain can correspond to the different beam indexes. Once the gNB detects the current channel is idle, it can send SS/PBCH blocks in multiple beam directions to multiple UEs. In DC and SA scenarios, Alt-1 with multiple repeated SS/PBCH blocks in frequency domain may cause confusion to the UEs accessing to PCell or PSCell. But in CA scenario, it is a feasible solution to satisfy OCB requirements for SCell transmission.


Figure 6 FDM multiplexing between SS/PBCH Blocks
· Alt-2: SS/PBCH block and CSI-RS multiplexing in frequency domain
According to RAN1#94 meeting conclusion, it has been identified that multiplexing of SS/PBCH block and CSI-RS is beneficial for meeting OCB requirements in sub-7GHz. CSI-RS in Rel-15 NR is flexible enough to support such configuration. Furthermore, CSI-RS can also be used as a component of DRS. Multiplexing of CSI-RS and SS/PBCH block in frequency domain is also beneficial for more efficient compacting DRS in time.
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain.
As discussed in section 2.2, multiplexing RMSI PDSCH with SS/PBCH block in FDM manner can be supported to meet the OCB requirement if NR-U DRS includes RMSI PDSCH. It can also be beneficial for compacting DRS duration and increasing REs/RBs to carry RMSI PDSCH..
Proposal 6: To meet OCB regulation requirements, the following methods can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain
· Alt-4: via implementation (e.g. scheduling)
2.4 DRS transmission window, periodicity, candidate opportunities
The duration of the DRS transmission window in LTE-LAA is 5 ms and NR support SS/PBCH block detection window is 5 ms. Thus, NR-U can support same the duration of DRS transmission window as DRS in LTE-LAA. For the period of DRS transmission window, LTE-LAA support 40ms, 80ms and 160ms and NR support 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, and 160 ms for the period of SSB burst set. Compared with LTE-LAA, NR-U supports DC and SA in addition to CA scenarios. For DC and SA, UE has the requirement of fast initial access. Based on this, considering the existing periods supported by NR and the requirement of NR-U, we suggest that the minimum period of DRS transmission window can be 20 ms or even lower.  
Proposal 7: It is recommended that the duration of the DRS transmission window can be configured as 5 ms, the minimum value of periods can be configured as 20 ms or even lower. 
[bookmark: OLE_LINK12]Further, DRS duration for LTE-LAA is less than 1ms, i.e. occupy 12 symbols. In NR-U, SS/PBCH block patterns are different for different SCSs, which may result in different durations of NR-U DRS for different SCS. e.g., for 15 KHz SCS, DRS duration may be 1 ms and for 30 KHz SCS, DRS duration is 0.5 ms. Wherein, the number of SS/PBCH blocks within DRS duration is 2. Besides, for case of neighbor two SS/PBCH blocks with different beam directions, then it is necessary to perform LBT before SS/PBCH block transmission with beam switching, which may cause channel usage loss to some extend. In order to achieve no gap within DRS duration, the features of existing multiplexing signals/channels such as RMSI PDCCH/PDSCH, Paging, OSI and CSI-RS with SS/PBCH block within DRS duration needs to be considered. Based on the above discussion, we think that the decision of NR-U DRS duration depends on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, NR-U DRS duration is less than or equal to 1ms.
Proposal 8: DRS duration within the DRS transmission window is determined depending on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, DRS duration is less than or equal to 1ms.
Proposal 9: In order to achieve no time-domain gap in DRS, the following methods can be considered:
· fill existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI PDCCH/PDSCH
· via implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
If the duration of the DRS transmission window is allowed to be configured as 5ms, then the maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS. The maximum number of actual transmitted SS/PBCH blocks is 8. The details on timing acquisition and QCL can be found in our companion contribution [5].
Proposal 10: The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS if 5ms DRS transmission window is supported. The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS.
2.5 LBT for DRS
[bookmark: _GoBack]The following agreement in the last meeting is reached: LBT other than Cat4 LBT is not used for DRS multiplexed with unicast data. For above statement, our understanding is that Cat4 LBT is just used before the DRS multiplexed with unicast date are transmitted. Besides, Cat4 LBT can also be used before DRS burst set starts transmission. Cat 2 LBT can be performed before DRS burst (half-slot) transmission within a DRS burst set, as shown in Figure 7. Wherein, Cat 2 LBT position can be located in the last symbol of the previous DRS burst within DRS burst set.


Figure 7 An example of LBT for DRS burst set and DRS burst
Further, when the length of DRS burst set is configured as 1ms, which is similar to LTE-LAA DRS, Cat 2 LBT can be considered, as shown in Figure 8. If the length of DRS burst set is configured as 5 ms in the next period of DRS burst set, then Cat 4 LBT should be performed. Preferably, if the adjacent two SSBs within DRS burst set is non-QCL relationship and there is a gap between non-QCL SSB, then Cat 2 LBT can be used in order to fast access channel. Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.


Figure 8 An example of LBT for DRS burst set (1 ms and 5 ms)
In addition to the above cases, Cat 2 LBT mechanism can also be considered for the wideband or CA scenarios., which is similar to LTE-LAA multiple CCs (e.g., Type A/B) manner. 
Based on the above analysis, the LBT mechanism for DRS transmission should be considered according to different situations.
Proposal 11: Cat4 LBT can be used before the DRS multiplexed with unicast date are transmitted, or DRS burst set starts transmission.
Proposal 12: Cat2 LBT can be considered to be used in the following situations:
· Case 1: before DRS burst (half-slot) transmission within a DRS burst set.
· Case 2: when the length of DRS burst set is configured as 1ms, which is similar to LTE-LAA DRS.
· Case 3: if the adjacent two SSBs within DRS burst set is non-QCL relationship and there is a gap between non-QCL SSB.
· Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
· Case 4: for case where multiple sub-band case in the wideband operation. 
 PRACH design
[bookmark: OLE_LINK25]3.1 Waveform design and evaluation
3.1.1 Waveform design for NR-U PRACH
In Rel-15, NR supports both long and short sequence RACH preambles. The length of long sequence is 839, while the length of short sequence is 139. SCSs supported for long sequence are 1.25 kHz and 5 kHz; SCSs supported for short sequence are 15/30 kHz for below 6 GHz. The short sequence is designed for small cell scenarios and NR-U is primarily used in small cell scenario. Therefore, only a short sequence (i.e. length = 139) should be selected for NR-U. Naturally, SCSs with 15 and 30 kHz should be supported for the short sequence at least in below 7G for NR-U. 
Assuming 20 MHz carrier bandwidth below 6GHz frequency band, the occupied bandwidth with 15/30 kHz SCS are 2.16 MHz and 4.32 MHz respectively, which obviously would not fulfill the ETSI OCB requirement as shown in Figure 9. 
[image: ]
Figure 9 An example of preamble’s OCB not satisfying regulatory requirement
[bookmark: OLE_LINK22]Therefore, in order to meet the OCB requirement, four potential design alternatives have been identified for the frequency mapping of PRACH sequences for NR-U:
· Alt-1: Uniform PRB-level interlace mapping
· [bookmark: OLE_LINK5]Alt-2: Non-uniform PRB-level interlace mapping 
· Alt-3: Uniform RE-level interlace mapping 
· Alt-4: Non-interlaced mapping 
Compared with non-interlace structure, the correlation properties of PRACH preamble using PRB-based interlace structure have some negative impact on timing estimation, because there are many false peaks in the correlation properties. Those false peaks will compromise the accuracy of TA estimation seriously, since the false peaks are easily confused with the main peak when the impact of multi-path propagation, noise and interference .If a subset of REs within a PRB is used, it would incur significant standardization effort such as the design of new sub-PRB based resource allocation, new UL RS pattern in frequency domain, etc. In addition, there are not enough PRBs to support sequence length 139 with one interlace within a 20 MHz initial BWP with PRACH SCS = 30 kHz. So Alt-1 is not seen as a feasible candidate.
For Alt-2, a PRACH sequence is selectively mapped to some or all of the PRBs in one or more of interlaces. Although compared to Alt-1, this non-uniform approach is useful to reduce the false peaks in the PRACH preamble auto-correlation function, there are still some problems mentioned in Alt-1 above.
The mapping of Alt-3 creates additional auto correlation peaks reducing the usable zero-autocorrelation zone (ZAZ) of CAZAZ sequence. The usable ZAZ is 1/n of preamble sequence duration for IFDM with repetition factor n. RE-level interlace mapping structure multiplexed with other signals and channels is challenging.
[bookmark: OLE_LINK7]A PRACH sequence is repeatedly mapped across the frequency domain as shown in Figure 10. For example, assuming that the bandwidth of channel is 20 MHz and SCS is 15 kHz, preamble in the frequency domain occupy 6 PRB and the starting position in the frequency domain configured by RRC, then UE can obtain preamble transmission pattern according to offset between preambles and repeat times M. Due to the repetition, the Alt-4 has better performance than other cases.


Figure 10 Repeat M times preamble in frequency domain (Alt-4)
[bookmark: OLE_LINK24]Based on the above discussion, considering the significant impact on NR specification, we suggest that non-interlace structure with repeat M times preamble in frequency domain for NR-U PRACH can be considered to meet the OCB requirement.
For comparison, we evaluated Alt-4/Alt2 and Rel-15 PRACH frequency mapping pattern, the specific mapping pattern is shown in Figure 11. Among them, Alt-2 is quoted from Ericsson RO1 [6]. Some simulation results will be provided in this section. Wherein, simulation parameter for different PRACH transmission schemes shows in Appendix A and the simulation assumptions are given Appendix B.

Figure 11  Frequency mapping of PRACH sequences: (a) Non-uniform; (b)Rel-15; (c)Frequency repeat with gap
[bookmark: OLE_LINK28]Proposal 13: Only a short sequence (i.e. length = 139) should be selected for NR-U.
Proposal 14: SCSs with 15 and 30 kHz should be supported for the short sequence (i.e. length = 139) at least in below 7 GHz for NR-U.
Proposal 15: Non-interlaced structure with repeat M times preamble in frequency domain should be supported at least for NR-U in Rel-16.

3.1.2 Evaluation on four potential alternatives on waveform design
3.1.2.1 Mis-detection and false alarm
[image: ][image: ]
[bookmark: OLE_LINK14]Figure 12  Mis-detection probability and false alarm probability of PRACH schemes
[bookmark: OLE_LINK27]As shown in Figure 12, the mis-detection probability of frequency repeat with gap is significantly lower than Rel-15 and non-uniform schemes duo to the repeat time M = 2. It can be inferred that as M increases, mis-detection probability will be lower. 
[bookmark: OLE_LINK26]When SNR = 0dB, the false alarm probability of non-uniform is higher than 0.1%, since the false peak caused by multi-path propagation is dominant, rather than the noise.When SNR = -12dB, the false alarm probability is mainly caused by noise.
[image: ]
Figure 13 CDF of timing estimation error (delay scaling = 100 ns, SNR = 0 dB)
The timing estimation error of frequency repeat with gap has the best performance due to the repetition of M=2, however, non-uniform has the worst timing performance.
Observation 1: Frequency repeat with gap has the best performance in mis-detection probability, timing estimation errors.
3.1.2.2 PAPR and Cubic Metric
[image: ][image: ]
Figure 14 Complementary CDF over the 138 sequences of (a) Peak-to-average power ratio (PAPR), and (b) Cubic metric (CM).
[bookmark: _Ref881257]Table 2: 95th percentile CM
	Design
	95th percentile CM [dB]

	Rel-15
	2.3

	[bookmark: OLE_LINK4]Repetition 2 times with gap
	4.9

	Non-uniform interlace design in [6] (RO1)
	4.1



3.1.2.3 Maximum Coupling Loss
According to the agreement of last meeting, RACH frequency occupancy equals the actually used bandwidth with one RO, SCS*L_RA*R,RACH frequency occupancy of Rel-15/non-uniform is 4.17 MHz, the frequency domain repetition with gap is 8.34 MHz, which is 2 times the occupancy Rel-15/non-uniform due to M =2.
Similarly, P_max is defined as the maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme. P_max is related to the maximum bandwidth and PRACH sequence length.
Observation 2:  the MCL value of frequency repeat with gap is the largest and is approximate to Rel-15 thanks to its better performances of mis-detection probability.
Table 3. MCL
	[bookmark: OLE_LINK10][bookmark: OLE_LINK8]SCS = 30 kHz
	[bookmark: OLE_LINK9]Rel-15
	Non-uniform
	Freqency repeat with gap
	Notes

	Transmitter

	(0) Max Tx power  (dBm)
	23.0
	23.0
	23.0
	

	(1) P_TX (dBm)=
min((5), 23- (6))
(PSD limit of 10 dBm/MHz)
	16.2
	18.0
	18.1
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	Receiver

	(2)RACH frequency occupancy (MHz)
	4.17
	4.17
	8.34
	The actually used bandwidth with one RO, SCS*L_RA*R

	(3) Noise level, Np (dBm)
	-112.8
	-112.8
	-109.8
	Np = -174+10*log10(SCS*L_RA*R)+NF
NF = -5dB

	(4) SNR (dB)
	-5.6
	-0.5
	-10.2
	SNR needed at 1% misdetection, read from simulation curve

	(5)P_max (dBm)
	16.2
	18.0
	19.2
	[bookmark: OLE_LINK30]Maximum allowed transmit power under PSD limit of 10 dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	(6)Backoff (dB)
	2.3
	4.1
	4.9
	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.

	(7) MCL = (1) - (4) -(3)(dB)
	134.6
	131.3
	138.1
	MCL = P_TX-SNR-Np


[bookmark: OLE_LINK21]
3.1.2.4 Capacity
Table 4.  PRACH capacity
	SCS=30KHz
	Rel-15
	Non-uniform
	Frequency domain repetition with gap

	 PRACH capacity 
	11040
	11040
	2760

	root sequences
	138
	138
	138

	cyclic shifts
	10
	10
	10

	FDM
	4
	4
	1

	TDM
	2
	2
	2



According to Table 3, frequency domain repetition with gap has the smallest capacity of NR-U PRACH in the same cyclic shifts. However, PRACH capacity may not be a critical issue, since NR-U is primarily used in a small cell scenario.

[bookmark: OLE_LINK20]Observation 3: Frequency repeat with gap has the smallest capacity of PRACH. However, PRACH capacity may not be critical since NR-U is primarily used in a small cell scenario.
3.2 Other aspects on PRACH design for NR-U
In NR-Rel15 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. Since format B has GTP, it can solve this problem. Format C0/C2 are for large coverage scenes, so they are not suitable for NR-U.
It is important to emphasize that timing estimation error performance is a more critical metric in the design. It should be pointed out that we have not optimized the PRACH detection thresholds. With some further optimization effort, it may indeed be possible to lower the mis-detection probability . 
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0994] Conclusion 
In this contribution, we share our views on initial access signals and channels for NR-U. We have the following proposals and observations:
Proposal 1: The pattern of Option 2 is preferred for NR-U, i.e. two SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot respectively.







Proposal 2: For NR-U, only index #1 ( = 0 and = 1/2) in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and corresponding Type-0 PDCCH in the same slot. Wherein, first symbol index for starting monitoring Type-0 PDCCH should be changed from “{0, if  is even}, {,（=1,2,3） if  is odd}” to  “{0, if  is even}, {7, if  is odd}”.
Proposal 3: In order not to collide with the transmission of SS/PBCH block, the maximum number of CORESET#0 symbols is 2 for NR-U.
Proposal 4: For NR-U, RMSI PDSCH should be able to be rate matched around SS/PBCH blocks in DRS occasion. The assumption for RMSI PDSCH and SS/PBCH blocks in 3GPP TS 38.214 should be revisited.
Proposal 5: For NR-U, additional combinations of the start symbol S and the allocation length L should be supported in default PDSCH SLIV table as follows, assuming SSB located in symbols {2, 3, 4, 5} and {9, 10, 11, 12} with Option 2:
· Case 0 (no gap in a slot): {S=8, L=6},  {S=9, L=5}
· Case 1(a gap at last symbol in every half slot for LBT): {S=1, L=5},  {S=8, L=5}
· Case 2(a gap at last symbol in every slot for LBT): {S=8, L=5}
Proposal 6: To meet OCB regulation requirements, the following methods can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain
· Alt-4: via implementation (e.g. scheduling)
Proposal 7: It is recommended that the duration of the DRS transmission window can be configured as 5ms, the minimum value of periods can be configured as 20ms or even lower. 
Proposal 8: DRS duration within the DRS transmission window is determined depending on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, DRS duration is less than or equal to 1ms.
Proposal 9: In order to achieve no time-domain gap in DRS, the following methods can be considered:
· fill existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI PDCCH/PDSCH
· via implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
Proposal 10: The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS if 5ms DRS transmission window is supported. The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS.
Proposal 11: Cat4 LBT can be used before the DRS multiplexed with unicast date are transmitted, or DRS burst set starts transmission.
Proposal 12: Cat2 LBT can be considered to be used in the following situations:
· Case 1: before DRS burst (half-slot) transmission within a DRS burst set.
· Case 2: when the length of DRS burst set is configured as 1ms, which is similar to LTE-LAA DRS.
· Case 3: if the adjacent two SSBs within DRS burst set is non-QCL relationship and there is a gap between non-QCL SSB.
· Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
· Case 4: for case where multiple sub-band case in the wideband operation. 
Proposal 13: Only a short sequence (i.e. length = 139) should be selected for NR-U.
Proposal 14: SCSs with 15 and 30 kHz should be supported for the short sequence (i.e. length = 139) at least in below 7G for NR-U.
Proposal 15: Non-interlaced structure with frequency domain repetition should be supported at least for NR-U in Rel-16.
Observation 1: Frequency domain repetition with gap has the best performance in mis-detection probability, timing estimation errors.
Observation 2: Frequency domain repetition with gap has the smallest capacity of PRACH. However, PRACH capacity may not be a critical metric since NR-U is primarily used in a small cell scenario.
Observation 3: Frequency domain repetition with gap has the smallest capacity of PRACH. However, there remains enough PRACH capacity since NR-U is primarily used in a small cell scenario.
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[bookmark: OLE_LINK13] Appendix A – PRACH simulation Parameter
Table A-1:  simulation parameter for Rel-15 
	[bookmark: OLE_LINK3]Parameter
	Value
	Notes

	[bookmark: OLE_LINK11]Scheme
	ZC139x1
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	Eg. 139, 

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

	N_cs

	13
	Eg. 11

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

	# of interlaces used by one RO (N_interlace)
	-
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	4.17
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-112.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	-5.6
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.2
	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)
	2.3
	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)
	16.2
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	134.6
	MCL = P_TX-SNR-Np

	N_FDM
	4
	# of ROs in 20MHz

	Capacity
	11040
	[bookmark: OLE_LINK17]Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.

	[bookmark: OLE_LINK18]N_TDM
	2
	# of ROs in 1ms



TableA-2:   simulation parameter for non-uniform PRB-level interlace mapping 
	Parameter
	Value
	Notes

	Scheme
	Alt2-ZC139
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	Eg. 139, 

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

	N_cs
	13
	Eg. 11

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

	# of interlaces used by one RO (N_interlace)
	5
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	4.17
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-112.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	-0.5
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	18.0
	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)
	4.1
	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)
	18.0
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	131.3
	MCL = P_TX-SNR-Np

	N_FDM
	1
	# of ROs in 20MHz

	Capacity
	11040
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.

	N_TDM
	2
	# of ROs in 1ms




TableA-3:   simulation parameter for non-interlaced mapping  
	Parameter
	Value
	Notes

	Scheme
	Alt4-ZC139x2 with gap
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	Eg. 139, 

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

	N_cs
	13
	Eg. 11

	# of RBs used for one RO (N_RB)
	24
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	5
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	8.34
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-109.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	-10.2
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	19.2
	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)
	4.9
	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)
	18.1
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	138.1
	MCL = P_TX-SNR-Np

	N_FDM
	1
	# of ROs in 20MHz

	Capacity
	2760
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.

	N_TDM
	2
	# of ROs in 1ms



 Appendix B – PRACH Simulation Assumptions
TableB-1. Simulation Assumptions
	Property
	Value

	Carrier frequency
	5 GHz

	Carrier Channel Bandwidth
	20MHz

	Channel model
	TDL-C

	Delay scaling
	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)]

	PRACH format
	B1 

	Subcarrier spacing
	30 kHz.

	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


， =13，u=128  12   127    13   126    14   125


	Preamble detector
	Each company should provide details on used algorithm
Threshold=X*A. 
[bookmark: OLE_LINK19]X=7.6dB in Alt2;X=9.6dB in Rel-15;X=9.6dB in Alt4;
A =The mean power of correlation values of all received data, except for points greater than Maxpeak*3/5;

	Interference assumption
	No interference. 

	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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