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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2]In 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. In last several RAN1 meetings [2-4], some agreements about DRS and PRACH were further reached:
Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed
Agreement:
For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot
Agreement:
No new PRACH formats are specified for operation in unlicensed spectrum.
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.
Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139
In RAN #84 plenary meeting, the views on essential/optimization items on each WGs for on time completion of NR-U WI was presented in [5]. Wherein, the essential/optimization items in “7.2.2.1.1 Initial access signals and channels” are as follows:
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)
· Also impact default PDSCH SLIV table configuration
· RMSI (PLMN) transmission in Scell
Optimization
· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs
In this contribution, we share our views on initial access signals and channels for NR-U, including DRS design, PRACH design.
 DRS design
2.1 SS/PBCH block pattern in time domain
As agreed in previous meetings, RAN1 supports configuration by higher layers of 15 kHz or 30 kHz SCS for SS/PBCH block, with further down-selection between the two options of SS/PBCH block pattern. The legacy SS/PBCH block pattern in Alt 1 in RAN1 #96bis (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 new SS/PBCH block pattern in Alt 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 SS/PBCH block in Alt 1 and Alt 2 are illustrated in Figure 1. Wherein, SS/PBCH block pattern corresponds to Case B with 30 kHz SCS in Rel-15 NR had been excluded for NR-U in RAN1 #96 meeting. Alt 3 that has a same SS/PBCH block pattern as Alt 1 had also been excluded in RAN1 #97 meeting.
Since one SS/PBCH block is defined in each half slot, it is natural to set a DRS shift granularity to be a half slot. The new SS/PBCH pattern can facilitate the half slot shift where DRSs in the first half slot and the second half slot have the same structure. Such identical pattern of SS/PBCH blocks in every half slot is more suitable for designing CORESET0 and RMSI PDSCH. CORESET0 can be transmitted from the beginning of any half slot (i.e. symbol #0 or #7) and either of the two symbols will do. This reduces the implementation complexity at UE. Further, more time/frequency resources can be used to carry RMSI PDSCH in the first half slot. Therefore, the new SS/PBCH block pattern (at symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot) in Alt 2 is preferred.
Although we believe that new SS/PBCH block pattern Alt 2 has more technical advantages than Alt 1 as discussed above, we also agree that SS/PBCH block design can follow the legacy Rel-15 pattern in Alt 1 due to the time constraints (only two months left), if it is difficult to reach an agreement for down-selection of Alt 1 and Alt 2.
[image: ]
Figure 1: SS/PBCH block mapping patterns
Proposal 1: Either of legacy SS/PBCH block pattern  (at symbols (2, 3, 4, 5) and (8, 9, 10, 11) in the slot) and new SS/PBCH block pattern  (at symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot)  can be adopted for NR-U.
2.2 Multiplexing pattern between SS/PBCH block and RMSI PDCCH/PDSCH
2.2.1 The slot for starting monitoring Type-0 PDCCH
For stand-alone (SA) or dual-connectivity (DC) scenarios, DRS should include at least SS/PBCH block, RMSI PDCCH/PDSCH. These reference signals and channels may be multiplexed as part of DRS in a same short time (a slot or a half slot is preferred) to minimize the DRS duration, in order to use LBT with high access channel probability (e.g. Cat-2 LBT), to reduce the times of channel access and meet the OCB requirements. Thus,  components associated with SS/PBCH block within DRS should not be transmitted span other multiple slots that are different from slot carrying SSB, which not only leads to a longer DRS duration, but also generates possible multiple gaps in time domain.






For multiplexing pattern 1 of the SS/PBCH block and CORESET #0 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 #0 in the slot is the first symbol index provided by Table 13-11. 
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, 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), it is observed that SS/PBCH block i (i > 0) and associated Type-0 PDCCH can hardly be located in a same slot if is configured to 2 or 1 even assuming offset O equals to zero. Only when  = 1/2 and = 0 or 5 as shown in Figure 2(c), can achieve SS/PBCH block  i  and its corresponding Type-0 PDCCH in the same slot. Thus only index #1 or #5 ( = 0 or 5, 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 . If Alt 1 is adopted, first symbol index of Type0-PDCCH should be changed to  “{0, if  is even}, {6 or 7, if  is odd}”.  Figure 2(d) 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
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(b) M = 1, O = {0, 2, 5, 7}, the length of Type-0 PDCCH monitoring window = 2 slots
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(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  (if half frame bit = 0) or O =5  (if half frame bit = 1), the length of Type-0 PDCCH monitoring window = 1 slot

Figure 2: Slot  for starting monitoring Type-0 PDCCH and monitoring window for SS/PBCH block i
Assuming the legacy pattern of  SS/PBCH block and the legacy time-domain location of Type0-PDCCH are reused in NR-U (i.e. either Alt 1 or Alt 2), if only one Type0-PDCCH CSS within a slot is configured, the number of symbols of CORESET#0 can be configured as 1 or 2. Correspondingly, first symbol index for Type0-PDCCH is 0. If two Type0-PDCCH CSS within a slot are configured, the number of symbols of each CORESET#0 can only be 1. Correspondingly, first symbol index for Type-0 PDCCH is 0 if SS/PBCH block index is even or 1 if SS/PBCH block index is odd. 



Proposal 2: For NR-U, only configuration parameter = 0 or = 5, and = 1/2 in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and its corresponding Type-0 PDCCH in the same slot. Wherein,
· 

If Alt 1 is adopted, first symbol index for starting monitoring Type-0 PDCCH should be changed to  “{0, if  is even}, {6 or 7, if  is odd}”.
· If reusing the legacy pattern of  SS/PBCH block and the legacy time-domain location of Type0-PDCCH CSS, then
·  If only one Type0-PDCCH CSS within a slot is configured, the number of symbols of CORESET#0 can be configured as 1 or 2. Correspondingly, first symbol index for Type0-PDCCH CSS is 0. 
· If two Type0-PDCCH CSS within a slot are configured, the number of symbols of each CORESET#0 can only be 1. Correspondingly, first symbol index for Type-0 PDCCH CSS is 0 if SS/PBCH block index is even or 1 if SS/PBCH block index is odd.
2.2.2 Multiplexing patterns of Type-0 PDCCH, RMSI PDSCH, and SSB
According to Alt 1 as specified in RAN1 #97 meeting, we give some multiplexing patterns of Type-0 PDCCH, RMSI PDSCH, and SS/PBCH block as shown in Figure 3. Based on the number of CORESET0 symbols and corresponding positions, these multiplexing patterns can be divided into four cases:
· In Pattern #0 - #3, two CORESET0(s) with length-1 for Type-0 PDCCH in a slot are configured. Type-0 PDCCH(s) are in symbol #0 for the first SSB and in symbol #7 for the second SSB in the slot. 
· In Pattern #4 - #5, two CORESET0(s) with length-1 for Type-0 PDCCH in a slot are configured. Type-0 PDCCH(s) are in symbol #0 for the first SSB and in symbol #6 for the second SSB in the slot. 
· In Pattern # 6, two CORESET0(s) with length-2 for Type-0 PDCCH in a slot are configured. Type-0 PDCCH(s) are in symbol #0 and symbol #1 for the first SSB and in symbol #6 and symbol #7 for the second SSB in the slot.
· In Pattern #7 - #8, only one CORESET0 with length-2 in a slot is configured. Wherein, only a SSB in the slot and Type-0 PDCCH(s) are in symbol #0 and symbol #1 for this SSB in the slot.
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Figure 3: Multiplexing of Type-0 PDCCH, RMSI PDSCH, and SS/PBCH block in case of Alt 
According to above multiplexing patterns in Figure 3, default PDSCH SLIV (start and length indicator value) table in Table 5.1.2.1.1-2 in 3GPP TS 38.214 should be revised to support more possibilities of the combinations of the start symbol S and the allocation length L. Table 1 summarizes the combinations required by NR-U and whether they are supported in the existing Rel-15 NR specification. For NR-U, one or more additional combinations of the start symbol S and the allocation length L can be supported in default PDSCH SLIV table as follows, 
{S=1, L=5};  {S=8, L=5};  {S=8, L=6};  {S=7, L=5};  {S=2, L=11}.
Table 1: Combinations of the start symbol S and the allocation length L for NR-U
	
	The first RMSI-PDSCH in a lot
	The second RMSI-PDSCH in a slot

	
	(S, L)
	Rel-15 Status
	(S, L)
	Rel-15 Status

	Pattern #0
	(1, 5)
	not support
	(8, 5)
	not support

	Pattern #1
	(1, 6)
	support
	(8, 6)
	not support

	Pattern #2
	(2, 4)
	support
	(8, 4)
	support

	Pattern #3
	(2, 5)
	support
	(8, 5)
	not support

	Pattern #4
	(1, 5)
	not support
	(7, 5)
	not support

	Pattern #5
	(2, 4)
	support
	(8, 4)
	support

	Pattern #6
	(2, 4)
	support
	(8, 4)
	support

	Pattern #7
	(2, 11)
	not support
	/
	/

	Pattern #8
	(2, 12)
	support
	/
	/



Proposal 3: For NR-U, additional combinations of the start symbol S and the allocation length L can be supported in default PDSCH SLIV table as follows, assuming the legacy SSB located in symbols {2, 3, 4, 5} and {8, 9, 10, 11, 12} with Alt 1:  
· {S=1, L=5};  {S=8, L=5};  {S=8, L=6};  {S=7, L=5};  {S=2, L=11}.
2.2.3 RMSI PDSCH rate matching around SS/PBCH blocks
In TS 38.214, 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 would prevent RMSI PDSCH from being scheduled in 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 in the channel bandwidth i.e. 20MHz, which will result in too few available REs/RBs to carry RMSI. The second method is to rate match RMSI PDSCH around SS/PBCH blocks. If this is done, above UE’s assumption in TS 38.214 should be revisited. The last method is to place the SSB at the edge of 20MHz band to increase the number of available REs/RBs of RMSI PDSCH. In RAN4 #92 meeting, RAN4 agreed to introduce single default sync raster for each sub-band and place the SSB close to the edge of sub-bands. RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference.
Take 51PRBs in 20MHz band with 30kHz SCS as an example, Table 2 calculates and summarizes the number of available REs and the number of SIB1 bits that can be carried in these REs assuming 4/5/6/11/12 symbols are scheduled for RMSI PDSCH as shown in Figure 3 (note that DMRS overhead is not considered in the table), according to the following cases:
· Baseline: Place the SSB in the middle of 20MHz channel, and not perform RMSI PDSCH rate matching around SSBs. Although this method has been excluded by RAN4, it can be used as a benchmark for comparison of other methods below.
· Opt.1: Place the SSB at the edge of 20MHz channel (assuming the SSB offset equals to 0), and not perform RMSI PDSCH rate matching around SSBs. 
· Opt.2: Perform RMSI PDSCH rate matching around SSBs. Opt.2 has nothing to do with the offset of SSB to the edge of sub-bands.
Where the number of the carried SIB1 bits = the number of available REs × MCS0 spectral efficiency 0.2344. 
According to Table 2, if the SSB is placed at the edge of sub-bands, the number of available REs/bits in Opt.1 will approximately double compared with the baseline even though no rate-matching is performed. However, it is still less than Opt.2 with rate-matching. Especially, the more RMSI PDSCH symbols scheduled, the greater the difference between the number of available REs/bits in Opt.1 and Opt.2. Furthermore, the number of available REs/bits in Opt.1 will be reduced if the SSB offset is not equal to 0. Therefore, although RAN4 agreed that the SSB is placed at the bandwidth edge, we think that supporting RMSI PDSCH rate matching around SSBs is still necessary.
Table 2: Number of available REs and SIB1 bits that can be carried by the REs
	(51PRBs in 20MHz band with 30kHz SCS)
	4 symbol RMSI
	5 symbol RMSI
	6 symbol RMSI
	11 symbol
RMSI
	12 symbol RMSI

	Baseline: SSB in the center (no RM)
	REs
	720
	900
	1080
	1980
	2160
	

	
	bits
	168
	210
	253
	462
	506
	

	Opt.1: SSB at the edge (no rate-matching)
	REs
	1488
	1860
	2232
	4092
	4464
	

	
	bits
	348
	435
	523
	959
	1046
	

	Opt.2: Rate-matching 
	REs
	1488
	2100
	2712
	5772
	6384
	

	
	bits
	348
	492
	635
	1352
	1496
	



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.
2.3 RMSI (PLMN) transmission in Scell
In unlicensed spectrum, multiple PLMNs (Public Land Mobile Network) from different operators can share the same channel and coordination between different operators may not happen. This may cause PCI collisions or confusion. As one possible solution, ANR can also be used, as in NR licensed, to detect and solve PCI collision and confusion. Although ANR function can be used to solve this problem, the effectiveness of ANR function depends on RMSI, which can only be transmitted in PCell at present. Therefore, if RMSI is sent only in PCell in NR-U, it is not feasible to resolve PCI collisions/confusion through ANR function. In order to support resolution of PCI collisions/confusion by ANR, RMSI should be allowed to be sent in PCell as well as Scell in NR-U.
To support RMSI transmission for ANR purpose, the gNB can configure the UE to perform CGI measurement based on an SSB not on a sync raster (i.e. on a off sync raster). RAN1 has agreed that frequency domain resource configuration of CORESET0 should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS in NR-U, which means that CORESET0 is configured  almost with a full bandwidth in a 20 MHz LBT bandwidth. If an SSB is transmitted not on a sync raster, the associated CORESET0 configured by MIB in the SSB may not be in the same 20 MHz LBT bandwidth as the SSB if the offsets in the table in TS 38.213 subclause 13  are not changed. 
In order to solve above problem, the agreements reached in RAN1 #98 meeting provided two alternatives. In Alt 2, the UE obtains CORESET0's frequency domain location directly from the offset indicated by MIB in the off sync raster SSB. Therefore, the offsets between the off sync raster SSB and the associated CORESET0 given in TS 38.213 subclause 13 should be re-designed. When re-designing new offsets, the number of off sync raster, the location of off sync raster and other factors need to be taken into account. Alt 2 has a great impact on standardization, that needs not only RAN1 but also RAN4 considerations/assessments. As there are only two RAN1 meetings left in Rel-16, Alt 2 is not preferred. In Alt 1, RAN4 has agreed to introduce single default sync raster for each sub-band and place the SSB close to the edge of sub-bands. Thus, the UE knows the frequency domain location of the single default sync raster. Furthermore, the UE can obtain the frequency domain location of the SSB on the off sync raster through CGI measurement configuration. Then the UE can obtain the frequency offset between default sync raster and off sync raster. Combining with the offset between the on sync raster SSB and CORESET0 indicated  by MIB in the off sync raster SSB, the UE can determine the frequency location of CORESET0. Alt 1 is preferred as it has little specification impact.
Proposal 5: To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, Alt 1 is preferred as follows:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
2.4 Multiplexing CSI-RS with SS/PBCH block
If CSI-RS is included in a NR-U DRS, CSI-RS can be configured on different symbols from SS/PBCH block, i.e. in a time-division manner. Otherwise, how to FDM CSI-RS with SS/PBCH block should be considered. In Rel-15, CSI-RS is configured with continuous RB allocation, with unit of 4 RBs and at least 24 RBs length. If it is FDM, NR-U CSI-RS with SS/PBCH block shall be impacted by RAN4 sync raster decision. RAN4 has agreed to place the SSB close to the edge of sub-bands in RAN4 #92 meeting and will continue discuss the offset to the edge of sub-bands considering the adjacent channel interference.As long as the offset value is between 0 and 7 RBs (= 51-20-24), there is no specification impact for multiplexing CSI-RS and SS/PBCH block in frequency domain. NR-U CSI-RS can reuse the mechanism of frequency domain resource allocation of Rel-15 CSI-RS. 
Proposal 6: No enhancement on multiplexing CSI-RS with SS/PBCH block in frequency domain is needed as long as the SSB offset value is in the range 0 to 7 RBs ( = 51-20-24 ), that will be decided by RAN4. 
 PRACH design
3.1 PRACH frequency mapping and Sequence Design
3.1.1 Shortcomings of long sequences
In this section, we mainly discuss some specification impacts of a new long PRACH sequence (larger than 139) in frequency domain. Specific standardization changes are as follows:
(1) A new table for mapping from logical index to sequence number needs to be introduced, which is similar to the table 6.3.3.1-3/6.3.3.1-4 as specified in TS 38.211(here, it is marked as Table 3).



Table 3: Mapping from logical index  to sequence number  for preamble formats with .
	

	

Sequence number  in increasing order of 

	0 – 19
	1
	138
	2
	137
	3
	136
	4
	135
	5
	134
	6
	133
	7
	132
	8
	131
	9
	130
	10
	129

	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...

	120 – 137
	61
	78
	62
	77
	63
	76
	64
	75
	65
	74
	66
	73
	67
	72
	68
	71
	69
	70
	-
	-

	138 – 837
	N/A



(2) A new table for Ncs may need to be introduced, which is similar to the table 6.3.3.1-7 as specified in TS 38.211(here, it is marked as Table 4). Note: it is not excluded that a new table is obtained based on modification to the existing table.



Table 4:  for preamble formats with kHz where .
	zeroCorrelationZoneConfig
	
 value for unrestricted set

	0
	0

	...
	...

	14
	46

	15
	69



(3) Relevant parameters corresponding to long sequence need to be introduced, , which is similar to the table 6.3.3.2-1as specified in TS 38.211 (here, it is marked as Table 5).  



Table 5: Supported combinations of  and , and the corresponding value of .
	

	
 for PRACH
	
 for PUSCH
	
, allocation expressed in number of RBs for PUSCH
	


	...
	...
	...
	...
	..

	139
	15
	15
	12
	2

	139
	15
	30
	6
	2

	139
	15
	60
	3
	2

	...
	...
	...
	...
	..



As discussed above, There are multiple aspects (i.e, logical index, Ncs, relevant parameters corresponding to long sequence, ect.) need to be considered. Therefore, long PRACH sequences will bring more standardization work.
Proposal 7: New Long PRACH sequences should not be introduced in Rel-16 NR-U.
3.1.2 The mechanisms to improve the cubic metric of Repetition of Rel-15 PRACH sequences 
In the previous meeting, some methods to control CM value have been discussed such as cyclic shifts/phase rotations. Here, we only share some our views on phase rotation methods, detailed description can be found below:
Method 1: The phase rotation relationship is only introduced between the repetitions. 



For example, the element #1 in the repetition #1 has a phase rotation relationship  relative to the element #1 in the repetition #2, and then any element of the repetition #1 and the corresponding element in the repetition #2 have a phase rotation relationship. That is to say, there is a phase rotation relationship between the same elements of different repetitions.
Method 2: A fixed phase rotation relationship is introduced between the elements inside the repetition, but the phase rotation relationship between the repetitions is independent. 








For example, the phase rotation relationship between element 2 and element #1 in repetition #1 is , the phase rotation relationship between element 3 and element #1 in repetition #1 is, The phase rotation relationship between element #4 and element #1 is, and so on. That’s to say, there is a fixed phase rotation step for the each element within a repetition; while the phase rotation relationship between the repetitions is independent, the phase rotation relationship between element #2 and element #1 in repetition #2 is , the phase rotation relationship between element #3 and element #1 is, the phase rotation relationship between element #4 and element #1 is, and so on. where and  are independent.
Method 3: A fixed phase rotation relationship is introduced for each elements inside the repetition, and/or, A common phase rotation relationship is also introduced for each repetition.





For example, the phase rotation relationship between element #2 and element #1 in repetition #1 is , the phase rotation relationship between element #3 and element #1 in repetition #1 is, the phase rotation relationship between element #4 and element #1 is, and so on; the element #1 in the repetition #1 has a phase rotation relationship  relative to the element #1 in the repetition #2, and then any element of the repetition #1 and the corresponding element in the repetition #2 have a phase rotation relationship. 
Further, for 30kHz SCS and 15kHz SCS, we also provide some simulation results on the mentioned phase rotation methods above, detailed description can be found below.
· 30KHz SCS
According to the agreement in RAN1 #97 meeting, one of 2 and 4 repetitions for 30 kHz SCS can be considered. For 2 repetitions, Rel-15 PRACH sequences are repeated twice in non-contiguous manner with interval of 33 RBs in frequency domain to satisfy the OCB requirement where each repetition is mapped on consecutive 12 RBs. For 4 repetitions, Rel-15 PRACH sequences are repeated four times in contiguous manner in frequency domain. Wherein, the frequency mapping method mentioned above is shown in Figure 4.


Figure 4: Frequency mapping method with different repetition times for 30kHz SCS
Figure 5 shows the CM values for different repetition times (4 repetitions or 2 repetitions) with different phase rotation schemes. Firstly, we can see in Figure 5 that 	CM of  2 or 4 repetition method with phase rotation schemes is lower than that of  2 or 4 repetition method without phase rotation. Secondly, it can be also seen in Figure 5 that 2 repetition and 4 repetition in the frequency domain have different performances for different phase rotation methods. Finally, for 4 repetition, CM of the method1 is better than that of the method2. While for 2 repetition, CM of the method2 is much better than the method1. For method 3, both 2 repetition and 4 repetition have the best CM value. 
[image: ]
Figure 5 : Complementary CDF over the 138 sequences of  Cubic metric (CM).
Table 6: 95th percentile CM
	Design
	95th percentile CM [dB]

	Rel-15
	2.33

	4 repeat with phase rotation method1
	2.53

	4 repeat with phase rotation method2
	3.78

	4 repeat with phase rotation method3
	0.50

	4 repeat without  phase rotation
	5.43

	2 repeat with phase rotation method1
	4.88

	2 repeat with phase rotation method2
	3.03

	2 repeat with phase rotation method3
	2.44

	2 repeat without  phase rotation
	4.90


Comparing with the above results on 30KHz SCS, it can be found that the phase rotation method3 with 4 repetition has the best performance and the performance of the phase rotation method1 with 4 repetition is close to that of the 139 sequence of Rel-15. while, the performance of both the 2 repetition schemes and the non-rotation schemes is very poor.  
· 15KHz SCS
According to the agreement in RAN1 #97 meeting, one of 4 and 8 repetitions for 15 kHz SCS is supported. For 4 repetitions, Rel-15 PRACH sequences was repeated four times in non-contiguous manner with interval of 66 RBs in frequency domain to satisfy the OCB requirement where each repetition is mapped on consecutive 12 RBs. For 8 time repetitions, Rel-15 PRACH sequences was repeated eight times in contiguous manner in frequency domain. The frequency mapping manner is shown in Figure6.


Figure 6: Frequency mapping method with different repetition times for 15kHz SCS.
Figure 7 shows the CM values for  different repetition times (8 repetitions or 4 repetitions) with different phase rotation schemes. First of all, we can see in Figure 7 that CM of  8 or 4 repetition method with phase rotation schemes is lower than that of 4 or 8 repetition method without  phase rotation case. What’s more, it can be also seen in Figure 7 that 8 repetition and 4 repetition in the frequency domain have different performances for different phase rotation methods. Last but not least, for 8 repetition, CM of the method1 is better than that of the method2. While for 4 repetition, CM of the method2 is almost the same as the method1. For method 3, both 8 repetition and 4 repetition have the best CM value.
[image: ]
Figure 7: Complementary CDF over the 138 sequences of  Cubic metric (CM).
Table 7: 95th percentile CM
	Design
	95th percentile CM [dB]

	Rel-15
	2.33

	8 repeat with phase rotation method1
	2.64

	8 repeat with phase rotation method2
	7.27

	8 repeat with phase rotation method3
	0.82

	8 repeat without  phase rotation
	9.03

	4 repeat with phase rotation method1
	3.82

	4 repeat with phase rotation method2
	3.78

	4 repeat with phase rotation method3
	2.24

	4 repeat without  phase rotation
	5.20


Comparing with the above results on 15KHz SCS, it can be found that the phase rotation method3 with 8 repetition has the best performance and the performance of the phase rotation method1 with 8 repetition is close to that of the 139 sequence of Rel-15. while, the performance of both the 4 repetition schemes and the non-rotation schemes is very poor.  
In addition to performance comparison above, the method1 is simplest in terms of complexity and standardization impact, while other two methods are slightly complicated, especially method 3.
In Table 8, the P_max value of the PRACH 139-length sequence with 4 repetitions with phase rotation is 22.22 dBm, and the P_max value of the PRACH with sequence length 571 is 22.34 dBm. the P_max value of the PRACH 139-length sequence with 8 repetitions with phase rotation is 22.22 dBm, and the P_max value of the PRACH with sequence length 1151 is 22.37 dBm. Wherein, the P_max is calculated based on the regulations PSD of 10 dBm/MHz. P_TX = min(P_max, 23- Backoff) and backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO.
The P_TX is 22.22  dBm and 20.67 dBm for 4 repetitions with phase rotation and with sequence length 571 respectively.The P_TX is 22.18  dBm and 20.67 dBm for 8 repetitions with phase rotation and with sequence length 1151 respectively.
The MCL value of the PRACH with 4 repetitions with phase rotation is 131.02dB, and the MCL value of sequence length 571  is 129.17 dB. The MCL value of the PRACH with 8 repetitions with phase rotation is 134.96 dB, and the MCL value of sequence length 1151  is 133.15 dB. It is seen that the P_TX and MCL value for different repetition times of Rel-15 PRACH sequence with phase rotation are better than length new long PRACH sequence, the different is about 1.5dB.
[bookmark: OLE_LINK22]Table 8: PRACH frequency mapping parameter 
	Parameter
	Value
	Value
	Value
	Value
	Value
	Notes

	Scheme
	ZC139x1
	ZC139x4 with phase rotation Method 3
	ZC571x1
	ZC139x8 with phase rotation Method 3
	ZC1151x1
	Eg. Alt4-ZC139x2

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

	PRACH sequence length (L_RA)
	139
	139
	571
	139
	1151
	Eg. 139,

	# of repetition (R)
	1
	4
	1
	8
	1
	If repetition of sequence is used in freq domain

	N_cs

	13
	13
	26
	13
	39
	Eg. 11

	# of RBs used for one RO (N_RB)
	12
	47
	48
	93
	96
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	4.17
	16.68
	17.13
	16.68
	17.265
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-102.8
	-96.8
	-96.7
	-96.8
	-96.78
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=5dB

	SNR (dB)
	-5.6
	-12.0
	-11.8
	-16.0
	-15.7
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.2
	22.22
	22.34
	22.22
	22.37
	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)
	2.33
	0.50
	2.33
	0.82
	2.33
	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
	22.22
	20.67
	22.18
	20.67
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	124.6
	131.02

	129.17
	134.94
	133.15
	MCL = P_TX-SNR-Np

	N_FDM
	4
	1
	1
	1
	1
	# of ROs in 20MHz

	N_TDM
	2
	2
	2
	2
	2
	# of ROs in 1ms


From the perspective of capacity, although new long PRACH sequences have larger capacity than repetition method, PRACH capacity for NR-U may not be a critical issue, since NR-U mainly targets for the small cell scenario.
[bookmark: _GoBack]Based on the above discussion, considering the impacts on NR specification, we suggest that legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency domain can be supported for NR-U. Considering performance and complexity, 4 repetitions for 30KHz SCS and 8 repetitions for 15KHz SCS with the phase rotation can be supported. .
Proposal 8: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers with repetitions in frequency can be supported for NR-U.
Proposal 9: 4 repetitions with the phase rotation for 30KHz SCS and 8 repetitions with the phase rotation for 15KHz SCS can be supported.
3.3 PRACH Numerology
In Rel-15, the short sequence with length of 139 is supported in NR. SCSs supported for short sequence are 15/30 kHz in below 6 GHz. The short sequence is designed for small cell scenarios and NR-U mainly targets for the small cell scenario.  It is natural that 15kHz SCS and 30 kHz SCS should be supported for the short sequence at least in below 7G for NR-U. 
Proposal 10:  15kHz SCS and 30 kHz SCS should be supported in below 7 GHz for NR-U.
3.4 LBT Gaps between RACH occasions
In Rel-15 NR, back to back RACH occasions in time can be configured. In NR-U, a UE has to perform LBT before transmitting RACH preamble. UE may be blocked by a RACH transmission of another UE in the previous RACH occasion.
However, the PRACH blocking issue is not a serious problem since it can be solved easily by implementation. In lightly loaded scenarios, RO occupancy ratio is relatively low, and then the probability of blocking due to continuous RO occupancy is very low. In the medium load, it may configured ROs with non-continuous in time domain to avoid potential blocking of LBT. In the heavily loaded scenario, the UE may be blocked due to high RO occupancy ratio. However, the UE is not hurry to access a heavily loaded cell, since the UE may not have high quality cell service even if it gets access. The better choice is that the UE should try to select other cells with lower load in this case.
Based on the above discussion, the enhancements to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
Proposal 11: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
3.5 Multiplexing PRACH and other channels
[bookmark: OLE_LINK27]According to the agreement in RAN1#96bis meeting, a single long PRACH sequence mapped to contiguous PRBs or legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers with repetitions in frequency, both PRACH sequence mapping types occupy almost the entire bandwidth. So, there is less PRACH multiplexing with other channels in FDM manner.
Based on the above discussion, PRACH can be multiplexed with other channel (e.g. PUCCH/PUSCH) in TDM manner.
Proposal 12: Only TDM of PRACH and other channels is supported.
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996] 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: Either of legacy SS/PBCH block pattern  (at symbols (2, 3, 4, 5) and (8, 9, 10, 11) in the slot) and new SS/PBCH block pattern  (at symbols (2, 3, 4, 5) and (9, 10, 11, 12) in the slot)  can be adopted for NR-U.



Proposal 2: For NR-U, only configuration parameter = 0 or = 5, and = 1/2 in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and its corresponding Type-0 PDCCH in the same slot. Wherein,
· 

If Alt 1 is adopted, first symbol index for starting monitoring Type-0 PDCCH should be changed to  “{0, if  is even}, {6 or 7, if  is odd}”.
· If reusing the legacy pattern of  SS/PBCH block and the legacy time-domain location of Type0-PDCCH CSS, then
·  if only one Type0-PDCCH CSS within a slot is configured, the number of symbols of CORESET#0 can be configured as 1 or 2. Correspondingly, first symbol index for Type0-PDCCH CSS is 0. 
· If two Type0-PDCCH CSS within a slot are configured, the number of symbols of each CORESET#0 can only be 1. Correspondingly, first symbol index for Type-0 PDCCH CSS is 0 if SS/PBCH block index is even or 1 if SS/PBCH block index is odd.
Proposal 3: For NR-U, additional combinations of the start symbol S and the allocation length L can be supported in default PDSCH SLIV table as follows, assuming the legacy SSB located in symbols {2, 3, 4, 5} and {8, 9, 10, 11, 12} with Alt 1:  
· {S=1, L=5};  {S=8, L=5};  {S=8, L=6};  {S=7, L=5};  {S=2, L=11}.
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: To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, Alt 1 is preferred as follows:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
Proposal 6: No enhancement on multiplexing CSI-RS with SS/PBCH block in frequency domain is needed as long as the SSB offset value is in the range 0 to 7 RBs  (= 51-20-24), that will be decided by RAN4. 
Proposal 7: New Long PRACH sequences should not be introduced in Rel-16 NR-U.
Proposal 8: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers with repetitions in frequency can be supported for NR-U.
Proposal 9: 4 repetitions with the phase rotation for 30KHz SCS and 8 repetitions with the phase rotation for 15KHz SCS can be supported.
Proposal 10: 15 kHz SCS and 30 kHz SCS should be supported in below 7 GHz for NR-U.
Proposal 11: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
Proposal 12: Only TDM of PRACH and other channels is supported.
 Reference 
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