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[bookmark: _GoBack][bookmark: _Ref129681832]In this contribution, we discuss NR-U DRS design including SSB pattern and the corresponding CORESET 0, RMSI PDSCH rate matching, PBCH content and transmission of RMSI in SCell. Furthermore, extensive PRACH preamble evaluations are provided for ZC sequences with/without repetitions.
NR–Unlicensed DRS design 
SSB pattern and CORESET 0
Two alternatives on the combination of SSB pattern and CORESET 0 in half slot duration were discussed in RAN1#96bis. 
· 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 or 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
A conclusion as following language was achieved in RAN1#97.
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 
For alternative 1 (legacy SSB pattern) with length-2 CORESET 0, it can only support RMSI PDSCH with at most 4 symbols. Compared with alternative 2 which can support RMSI PDSCH of 5 symbols, fewer time/frequency resources are available for RMSI PDSCH. In NR Rel-15, RMSI payload size is around 1700 bits, and limited time/frequency resources available for transmission could lead to severe RMSI decoding performance degradation and incur undesirable access delay. It was argued that 2 remaining symbols at the end of slot could be used for PUCCH transmission or be allocated as RACH Occasions. However, switching transmission direction in DRS transmission is undesirable since it increases the probability of losing channel occupancy. Configuring CSI-RS at the last 2 symbols separated apart from the QCLed SSB is also not preferred as it requires additional beam switching operation. Furthermore, CORESET 0 associating with the 2nd SSB in a slot starts at OS#6 will impede UE to perform half-slot processing. On the other hand, if length-1 CORESET 0 associating with 2nd SSB in a slot is at OS#7, then the relative position among SSB, CORESET 0 and RMSI PDSCH will be different from the 1st SSB within the same slot, which also increases UE’s decoding complexity. 
Alternative 2 allows at most 5 or 6 symbols RMSI PDSCH when length-2 or length-1 CORESET 0 is adopted. More RE could be allocated to RMSI, OSI and paging compared with alternative 1. The gNB could also configure 1 symbol CSI-RS occupying the full initial BWP at OS#6 and OS#13, which is assumed to have the same QCL assumption with the corresponding SSB (CSI-RS transmitted at OS#6 corresponding to SSB 0 and CSI-RS transmitted at OS#13 corresponding to SSB 1) and hence no beam switching back and forth is needed. Besides, alternative 2 also supports length-2 CORESET 0 for each SSB even if 2 SSBs are transmitted in one slot. Furthermore, the symmetric structure between two half-slots could facilitate UE implementation. In TR38.214 [1], Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP already included entries to schedule Type A PDSCH of 4, 5 and 6 symbols in 1st half-slot (corresponding to row index 5, 13 and 14). Row index 6 could be used to schedule Type B PDSCH of 4 symbols (S=9, L=4). New entries to schedule Type B PDSCH of 5 symbols (S=9, L=5) and 6 symbols (S=8, L=6) should be introduced.  Considering all discussion above, alternative 2 is preferred to be adopted as SSB pattern for NR-U. 
If finally in Rel-16 there were no consensus on the enhancement, the existing NR Rel-15 SSB pattern (Case C 30 kHz SCS) and CORESET0 configuration would be used. It only allows length-1 CORESET 0 when gNB expects to transmit 2 SSB together with their associated CORESET0s in a slot. The capacity and coverage of CORESET0 is limited when RMSI PDCCH requires higher aggregation level or PDCCH scheduling OSI or paging expects to share CORESET0 with RMSI. On the other side, the RE on symbol 6, 7, 12 and 13 cannot be used if there is no other channel multiplexed with DRS. Neither reservation signal nor gap is preferred from the channel access perspective. The minimum shift granularity of DRS would also be restricted to one slot (0.5ms for 30 kHz SCS and 1ms for 15 kHz SCS) which results in less channel access opportunities in a 5ms DRS transmission window. 


[bookmark: _Ref19024522]Figure 1.  Illustration of candidate combination of NR-U SSB pattern and COREST 0
Observation 1: SSB pattern and CORESET0 configuration in NR Rel-15 is not efficient when gNB expect to transmit 2 SSB and their associated CORESET0 in the same slot.  
Proposal 1: Alternative 2 shall be adopted in NR-U as SSB position and Type-0 PDCCH monitoring 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 and symbol (#7) for length-1 CORESET 0 for the second SSB in a slot.
RMSI PDSCH rate matching
[bookmark: OLE_LINK9]In RAN4#92, RAN4 agreed to place SSB close to the edge of sub-bands. One of the motivations from RAN1 perspective is that it allows more RE available for RMSI PDSCH.  In NR Rel-15, PDSCH scheduled by Type-0 PDCCH should be contiguous in frequency domain and cannot rate-match around SSBs. It is efficient only when RMSI PDSCH of 4 symbols is multiplexed with SSB in FDM manner. Large number of RE will be wasted when RMSI PDSCH has more than 4 symbols and rate-matching around SSB is not supported. In Figure 2, we illustrated two multiplexing schemes between RMSI PDSCH and one SSB in a slot. Scheme 1 is the existing Rel-15 scheme where RMSI PDSCH rate matching is not supported. Scheme 2 allows gNB mapping RMSI PDSCH on the same PRB as SSB after symbol 6.  The maximum number of RE available for RMSI PDSCH transmission were calculated in Table 1.  It is observed that gNB could schedule at most 50% more RE if allowing RMSI PDSCH rate-matching around SSB. 
Observation 2: More RE is available for RMSI PDSCH transmission if rate matching around SSB is allowed 


[bookmark: _Ref19026449]Figure 2 multiplexing between RMSI PDSCH and SSB
Table 1. Available REs for PDSCH within a DRS block with 30 kHz SCS.
	NR-U SSB pattern
	L=4
	L=5*
	L=6*
	L=12
	L=13

	scheme 1
	1344 
	1680 
	2016 
	4032
	4368

	scheme 2
	1344 (0%) 
	1920 (14.3%)
	2496 (23.8%)
	5952 (47.6%)
	6528 (49.5%)


* The length is not supported in the table of “Default PDSCH time domain resource allocation A for normal CP”. New entries should be introduced in Table 5.1.2.1.1-2 if supported. 
Considering the fixed location of SSB in PCell and assuming RMSI PDSCH is always transmitted in the same slot as the associated SSB, as shown in Figure 1, UE is able to identify rate-matched RE in RMSI PDSCH without explicit signaling.  
Observation 3: No explicit signaling in DCI is required for UE to identify RMSI PDSCH RE rate-matched by associated SSB if RMSI is always transmitted together with associated SSB in the same slot. 
[bookmark: _Hlk513099354]When DMRS of RMSI PDSCH is in the same symbol as SSB, there is no PDSCH DMRS available for UE to acquire channel estimation on the PRB occupied by SSB if RMSI PDSCH rate-matching were supported. For example in Figure 3, an RMSI PDSCH is scheduled in time domain with row index 1 (Type A, S=2, L=12) with dmrs-TypeA-Position indicating 2 in Table 5.1.2.1.1-2 of TS38.214 [1]. gNB cannot transmit PDSCH DMRS on the PRB occupied by SSB in symbol 2. In order to recover channel information of all PRB allocated to RMSI PDSCH, UE could use DMRS in PDSCH and PBCH jointly, considering the QCL assumption between RMSI PDSCH and associated SSB.  


[bookmark: _Ref19036052]Figure 3.  PDSCH DMRS position
Observation 4: DMRS in both RMSI PDSCH and PBCH could be used to decode RMSI PDSCH when RMSI PDSCH rate matching around SSB is allowed. 
Proposal 2: NR-U shall support that RMSI PDSCH scheduled by Type-0 PDCCH is rate-matched around the corresponding SSBs.
PBCH content


In RAN1#97, RAN1 agreed not to increase the PBCH payload size from NR Rel-15, i.e. , where  is size of MIB and 8 bit is in PBCH payload. Meanwhile, 10-bits SFN and half-frame indicator are indicated as in Rel-15. In RAN1#98 meeting, 3 bits PBCH payload not in MIB were further determined. In summary, the following bit in PBCH payload was specified in NR-U. 
·  ,   ,   ,   : 4th , 3rd , 2nd , and 1st LSB of SFN
·  : half-frame bit as in Rel-15
·  : 5th bit of SSB candidate position for 30 kHz SCS
·  : 4th bit of SSB candidate position for 15 kHz SCS and 30kHz SCS 

In TS38.331, MIB in NR Rel-15 consists of following fields:
MIB ::= 							SEQUENCE {
	systemFrameNumber					BIT STRING (SIZE (6)),
	subCarrierSpacingCommon				ENUMERATED {scs15or60, scs30or120},
	ssb-SubcarrierOffset				INTEGER (0..15),
	dmrs-TypeA-Position					ENUMERATED {pos2, pos3},
	pdcch-ConfigSIB1					INTEGER (0..255), 
	cellBarred							ENUMERATED {barred, notBarred}, 
	intraFreqReselection				ENUMERATED {allowed, notAllowed},
	spare								BIT STRING (SIZE (1))
}

The 1-bit field of subCarrierSpacingCommon indicating subcarrier spacing for SIB1, Msg.2/4 for initial access and broadcast SI-messages. In FR1, it indicates whether CORESET0 using 15 kHz or 30 kHz SCS. As agreed in RAN1#96, the SCS for all SSBs and CORESET #0 on a carrier is always the same for operation of NR in unlicensed spectrum. This field is not necessary because UE will assume same SCS as that of SSB it detects.
The 8-bit field of pdcch-ConfigSIB1 consists of 4-bit controlResourceSetZero and 4-bit searchSpaceZero. In NR Rel-15, controlResourceSetZero provides CORESET0 configuration defined from Table 13-1 to Table 13-6 in section 13 TS38.213 [2].  According to the agreement in RAN1#96, CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS. It was also agreed in RAN1#96bis that only CORESET #0 lengths of 1 and 2 symbols are supported for NR-U. RAN4 also agreed to introduce single default sync raster for each sub-band in RAN4#92. Thus, the entries in Table 13-1 and 13-4 can be simplified as following tables. The offset value should be based on the design of channel raster and sync raster in RAN4. Compared with NR Rel-15, at most 3 bit can be saved in the field of controlResourceSetZero. 
Table 2 Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for unlicensed bands 
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	96 
	1 
	X

	1
	1 
	96 
	2 
	X 


Table 3 Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for unlicensed bands
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	Y

	1
	1
	48
	2
	Y



searchSpaceZero provides Type0-PDCCH monitoring occasions. For SSB and CORESET0 multiplexing pattern 1, the system frame number SFNc and starting slot n0 of Type0-PDCCH monitoring occasion associated with SSB candidate position index i is calculated with parameter O and M. 
There were 16 configurations defined in Table 13-11 in TS38.213 [2] for type0-PDCCH CSS set-SSB multiplexing pattern 1 in FR1. The monitoring occasions with M/O parameters given in Table 13-11 are illustrated in Figure 4 assuming 20 SSB candidate positions with 30 kHz SCS defined in NR-U. 
[image: ]
[bookmark: _Ref19089537]Figure 4 SFN and slot mapping of Type-0 PDCCH monitoring occasion
In our companion contribution [3], we proposed to allow UE monitor Type0-PDCCH CSS in the same slot as the associated SSB. It is beneficial for UE to reduce latency when receiving system information. However, it is observed that only two entries with index=1(O=0, M=1/2) and index=5 (O=5, M=1/2) can meet the requirement if DRS burst is transmitted in the 1st or 2nd half frame in a frame with even SFN. The DRS transmission periodicity should be also in the unit of 20ms. Either introducing additional offset values of O=10 and O=15 or defining PDSCH monitoring occasions explicitly with the SFN and slot index of the associated SSB can be considered. In Rel-15, UE is always configured 2 search space sets per slot corresponding to 2 SSB in a slot sequentially when M=1/2. In order to configure UE to detect RMSI PDCCH/PDSCH with full slot length and associated SSB in the same slot, it is necessary to support number of search space sets per slot to be 1 when M=1/2. The “first symbol index” in the table should also be updated depending on whether new SSB pattern and CORESET0 monitoring occasion discussed in section 2.1 will be agreed.  The new entries are summarized in Table 4 with both ways of M/O parameters and explicit  and .    If NR-U only allow Type0-PDCCH monitoring occasion in the same slot as the associated SSB, at most 3-bit searchSpaceZero can be saved.
[bookmark: _Ref19093284]Table 4 PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 in unlicensed band
(a) New/updated entries by M/O parameters
	Index
	

	Number of search space sets per slot
	

	First symbol index

	New
	0
	1
	1/2
	0

	1
	0
	2
	1/2
	


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


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2

	New
	5
	1
	1/2
	0

	5
	5
	2
	1/2
	


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


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2

	New
	10
	1
	1/2
	0

	New 
	10
	2
	1/2
	


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


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2

	New
	15
	1
	1/2
	0

	New 
	15
	2
	1/2
	


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


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2


(b) New entries with by  and .
	Index
	PDCCH monitoring occasions (SFN and slot number)
	Number of search space sets per slot
	First symbol index

	new
	



	1
	0

	new 
	



	2
	






{0, if  is even}, {, if  is odd}, or {0, if  is even}, {6, if  is odd} if Alt 1, or {0, if  is even}, {7, if  is odd} if Alt 2



In NR Rel-15 FR1, 4-bit field ssb-SubcarrierOffset in MIB and 1-bit  in PBCH payload was used to indicate the subcarrier offset  from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block in the unit of 15 kHz SCS. In RAN4, a simplified channel plan and sync raster is under discussion. The number of  bit can be reduced if sync raster are carefully selected.  
Observation 5: In MIB, at least the bits in the fields of subCarrierSpacingCommon and pdcch-ConfigSIB1 can be saved due to limited configurability on the SSB and CORESET0 in NR-U.  
It was agreed in TR38.889 [4] that RMSI, OSI and paging could optionally be transmitted in NR-U DRS. It is beneficial to reduce the required number of channel access attempts and better fulfill the OCB requirement in NR-U. On the other side, it is undesirable to always include all these channels/signals in NR-U DRS due to limited resources available for the DRS transmission. In NR Rel-15, the CORESET for Type0-PDCCH CSS is configured in the field of pdcch-ConfigSIB1 in MIB. UE could determine the existence of CORESET0 for Type0-PDCCH CSS through the value of  in MIB. Considering the limited RE resource in DRS, the Type0A-PDCCH CSS and Type2-PDCCH CSS could share same configuration as Type0-PDCCH CSS if gNB expect to transmit OSI and Paging together with SSB in DRS. An indicator in MIB would be helpful for UE to determine whether to also blind detect Type0A-PDCCH CSS and Type2-PDCCH CSS in the CORESET0.
In the discussion on initial access procedure, Q (={1,2,4,8}) value is used by UE to acquire SSB QCL for both serving cell and neighbor cell. If the Q value is carried in MIB, UE is able to distinguish only RMSIs with QCL assumption for soft combining, which simplify UE implementation. The detail description can be found in our companion contribution [3].  
Proposal 3: Indicator for OSI and paging and Q value should be included in MIB.
Transmission of RMSI in Scell
In unlicensed spectrum, different operators may deploy cells in the same unlicensed carrier. Due to limit coordination among operators, cells from different operators might choose same physical layer cell ID (PCI) causing PCI collision. This issue also exists in LTE LAA and other scenario such as Femto. It could be alleviated by some SON algorithms without standard impact. For example, gNB would select a PCI not used after sensing the candidate carrier. It is not necessary to always transmit RMSI in Scell.
Observation 6: It is not necessary to always transmit RMSI in Scell. 
In RAN1#98, two alternatives for UE to acquire CORESET0 from SSB not on a sync raster were discussed. Given the agreement in RAN4 that there is only one sync raster in a sub-band and fixed offset between sync raster and CORESET0, UE would be able to derive candidate CORESET0 location in frequency domain based on the sub-band where the detected SSB located. 
Proposal 4: Alt 1 is preferred for UE to acquire CORESET0 from SSB not on a sync raster. 
NR-Unlicensed PRACH Preamble
Numerical evaluations
In this section, we evaluate and compare the agreed alternatives for NR-U PRACH preamble. Table A-1 of Appendix lists all the evaluated PRACH schemes, and their results are shown in Figures A-1 to A-3 of Appendix. In particular, the results for 30 kHz SCS are summarized in Table 5 below, and the following observations are made:
Observation 7: Compared to a single long ZC sequence of similar length, a repeated length-139 ZC sequence performs worse, and the degradation increases with more repetitions. For 30 kHz SCS:
· The mis-detection probability is ~0.1-0.21 dB worse
· The 95-percentile Cubic metric (CM) value is ~0.15-1.12 dB larger
· The MCL is ~0.07-0.22 dB lower
· The PRACH capacity is ~61-81% smaller
Table 5. Performance of different PRACH schemes with 30 kHz SCS.
	Scheme
	
	
	
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	PRACH capacity

	ZC139
	139
	1
	4
	4.17
	-102.8
	-4.05
	16.12
	2.33
	16.12
	122.97
	6072       (92 cells)

	ZC139x2
	139
	2
	2
	8.34
	-99.8
	-7.54
	19.13
	1.80
	19.13
	126.47
	3036       (46 cells)

	ZC283*
	283
	1
	2
	8.49
	-99.7
	-7.64
	19.20
	2.33
	19.20
	126.54
	7896     (112 cells)

	
	
	
	
	
	
	
	
	1.84
	
	
	6440    (92 cells)

	
	
	
	
	
	
	
	
	0.68
	
	
	3220    (46 cells)

	ZC139x4
	139
	4
	1
	16.68
	-96.8
	-10.97
	22.14
	0.50
	22.14
	129.91
	1518       (23 cells)

	ZC571*
	571
	1
	1
	17.13
	-96.7
	-11.18
	22.25
	2.33
	20.67
	128.55
	7980     (114 cells)

	
	
	
	
	
	
	
	
	1.83
	21.17
	129.05
	6440    (92 cells)

	
	
	
	
	
	
	
	
	0.35
	22.25
	130.13
	1610    (23 cells)


*For the single long sequences, we provide the 95% CM values using all preambles or by choosing a subset of preambles with the lowest CM values that results in the same PRACH capacity as of the length-139 ZC sequence based schemes.
Table 5 also includes the 95% CM value and its resultant MCL value for a single long ZC sequence when considering a sub-set of its generated PRACH preambles with the lowest CM values, which supports the same number of cells as its corresponding repeated ZC sequence or the legacy length-139 ZC sequence.  It is seen that a single long ZC sequence always provides the lowest 95% CM value and the largest MCL value under the same target PRACH capacity. Thereto, Table 5 shows an unacceptable consequence that a repeated length-139 sequence results in smaller PRACH capacity than in NR Rel-15!
Observation 8: Compared to the NR Rel-15 length-139 ZC sequence without repetition, a repeated length-139 ZC sequence results in ~50-75% smaller PRACH capacity for 30 kHz SCS.
The results for 15 kHz SCS are summarized in Table 6 below. Basically, similar trends as those for 30 kHz SCS can be observed. 
Table 6. Performance of different PRACH schemes with 15 kHz SCS.
	Scheme
	
	
	
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	PRACH capacity

	ZC139
	139
	1
	8
	2.085
	-105.8
	-3.64
	13.17
	2.33
	13.17
	122.61
	18768   (272 cells)

	ZC139x4
	139
	4
	2
	8.34
	-99.8
	-10.53
	19.19
	0.50
	19.19
	129.52
	4692       (68 cells)

	ZC571*
	571
	1
	2
	8.565
	-99.7
	-10.74
	19.31
	2.33
	19.31
	129.75
	30780   (380 cells)

	
	
	
	
	
	
	
	
	1.70
	
	
	22032 (272 cells)

	
	
	
	
	
	
	
	
	0.32
	
	
	5508    (68 cells)

	ZC139x8
	139
	8
	1
	16.68
	-96.8
	-13.91
	22.20
	2.65
	20.35
	131.06
	2346       (34 cells)

	ZC1151*

	1151

	1

	1

	17.265

	-96.6

	-14.38

	22.35

	2.33
	20.67
	131.65
	34500   (383 cells)

	
	
	
	
	
	
	
	
	1.68
	21.32
	132.30
	24480 (272 cells)

	
	
	
	
	
	
	
	
	-0.05
	22.35
	133.33
	3060    (34 cells)


*For the single long sequences, we provide the 95% CM values using all preambles or by choosing a subset of preambles with the lowest CM values that results in the same PRACH capacity as of the length-139 ZC sequence based schemes.
Observation 9: For 15 kHz SCS, a length-139 ZC sequence with 8 repetitions results in:
· 2.27 dB lower MCL or 93.2% lower PRACH capacity than a length-1151 ZC sequence
· 87.5% lower PRACH capacity than a length-139 ZC sequence
Regarding the timing estimation error, it can be seen from Figures A-1(c) and A-2(c) that a repeated ZC sequence and a single long ZC sequence of similar length have almost the same performance, both having less timing error than the NR Rel-15 length-139 ZC sequence due to increased frequency resource occupation. 
In Figure 5, we plot the outage probability of different sequence lengths as a function of the communication distance between the UE and BS, where the outage probability is defined as the probability that the large scale propagation loss (including path loss and shadow fading) experienced by the PRACH preamble is larger than its MCL value calculated in Tables 5 and 6. Here the NLoS case of the UMi-Street Canyon channel model [5] is considered while assuming 8 dBi and 3 dBi antenna gain at the BS and UE, respectively, and 5 dB noise figure at the BS. The outage probability in the LoS case is not included since it is sufficiently low (<10-7) for all PRACH schemes. From Figure 5, it is shown that, compared to a sequence length of 139, a larger sequence length provides up to an order of magnitude lower outage probability thanks to its higher MCL. In this comparison, we have assumed the maximum PRACH capacity for each sequence, cf., Tables 5 and 6. 
[image: ]
Figure 5. Outage probability for PRACH format A1 for different sequence lengths as a function of the communication distance between UE and BS in the NLoS case of the UMi-Street Canyon channel. The antenna gains are 8 dBi and 3 dBi at the gNB and UE, respectively, and the noise figure at BS is 5 dB.
Issues of repeated ZC sequence
PRACH capacity
The number of supported cells (or PRACH occasions) for a PRACH scheme with 64 preambles per cell on a given time-frequency resource is determined by 
                                                            (1)
where the number of frequency resources  within 20 MHz bandwidth for each scheme is given in Table 5 and Table 6. In Figure 6, we use (1) to plot  where the cyclic shift values   are taken from Table 8 in Section 3.4.2 and where we use equation (2) in Section 3.4 to compute the maximum supportable cell radius from . The results in Figure 6 show that a length-139 ZC sequence which is repeated 2 or 4 times (i.e., the preamble length is  or ) has a PRACH capacity loss of 50% and 75%, respectively, over all cell radii compared to that of NR Rel-15. On the other hand, the single long ZC sequences (i.e., ) with  and   offer a capacity gain compared to NR Rel-15. Unlicensed networks may not be planned among operators, hence cells in vicinity of each other could end up using the same PRACH preambles. This undesirable situation would occur more often for the sequence repetition schemes since their low PRACH capacity translates into a smaller reuse distance of the preambles.  
[image: ]
[bookmark: _Ref16675800]Figure 6. Number of supported cells with 64 preambles per cell as a function of cell radius for single long ZC sequence of length  and , compared to 2x and 4x repeated length-139 ZC sequences. The subcarrier spacing is kHz, the maximum channel delay is  µs and the number of guard samples is  The NR Rel-15 PRACH capacity is shown by the blue curve, .
PAPR/CM reduction
For the repeated length-139 ZC sequence, it has been proposed to apply different root indices/cyclic shifts/phase ramps/phase shifts to different repetitions so as to improve the CM of the generated PRACH preambles. However, that is an optimization which is very challenging, as so far there is no analytical approach to obtain the optimal combination of root indices/cyclic shifts/phase ramps/phase shifts for different repetitions that achieves the minimum CM. In addition, the optimized values of these parameters for different repetitions need to be specified. Tables 5 and 6 show that using a single long sequence with  a selected subset of root indices gives lower CM than using a repeated length-139 ZC sequence with phase ramps/phase shifts, for a same PRACH capacity.
Cyclic shift dimensioning and root index ordering
In Sections 3.4 and 3.5, we show that it is straightforward to define the cyclic shifts and the root index ordering for new ZC sequence lengths with the same methods being used in NR Rel-15. A repeated ZC sequence is a form of interlaced waveform, whose auto/cross-correlation functions are no longer ideal, especially when there are gaps between repetitions. Also, it is unclear how to order root indices if the preamble consists of multiple ZC sequences in the frequency domain. Hence new methods are required for specifying the cyclic shifts and the root index ordering. Such methods may also depend on whether/how additional CM reduction method (e.g., adopting different root indices/cyclic shifts/phase ramps/phase shifts for different repetitions) is introduced. 
Preamble implementation/detection complexity
A repeated ZC sequence is a new waveform, while a single long ZC sequence is not new since the Rel-15 NR UE is already capable of transmitting a single ZC sequences with very many lengths for the PRACH, DMRS and SRS, see Table A-2 in Appendix. The candidate lengths 283, 571 and 1151 for the single long ZC sequence are all contained in Table A-2, thus there is no additional UE complexity of adopting any of these lengths. In addition, a single long ZC sequence also brings a benefit of reduced gNB detection complexity in the following two aspects:
· The detection of the power delay profiles (PDPs) of the PRACH preambles generated by a common ZC root index with different cyclic shifts can be made by a single matched filter, since different cyclic shifts correspond to different timing detection windows. This leads to a reduction of detection complexity by a factor of ;
· The detection of PRACH preambles generated by paired root indices (i.e., root r and NZC - r) can share the multiplication operations involved in the matched filter, thanks to the symmetry property of them [6], which further brings a reduction of detection complexity by a factor of 1/2.
Summary of evaluation 
The study above is summarized in this observation.
Observation 10: A repeated length-139 ZC sequence:
· performs worse than a single long ZC sequence of similar length in terms of CM, MCL and PRACH capacity
· results in a lower PRACH capacity than what NR Rel-15 supports
· needs deployment and specification of sequence manipulations for CM reduction
· needs a new method for specifying the cyclic shifts
· needs a new method for specifying the root index ordering
Therefore, there is no motivation, either from performance point of view, or in terms of specification impact, to adopt a repeated ZC sequence. Regarding the choice between the lengths 571/1151 and 283/571 for single long sequences, the results in Tables 5 and 6 show that larger lengths have ~3 dB higher MCL and in turn lower outage probability as demonstrated in Figure 5. The number of PRACH occasions in frequency will be half of that for a longer sequence but overall there is a net gain in PRACH capacity, as shown in Figure 6. Hence there is no advantage from a sequence that span only 10 MHz, i.e., half of the available 20 MHz.

The WI states that 60 kHz SCS will be supported for control and data channels. A PRACH with 60 kHz SCS is anticipated to be useful for low-latency access and for single-numerology configuration. From the results in Figure A-3, we have not observed any particular technical prohibitive issue which makes 60 kHz SCS PRACH performance problematic. The existing length-139 ZC sequence could be reused without any further optimizations. Whether 60 kHz SCS for PRACH could be optional or not is a future discussion. Hence, the following proposal is made.

Proposal 5: The NR-U PRACH is based on a single ZC sequence with the following lengths:
· For 15 kHz SCS: 
· For 30 kHz SCS: 
· For 60 kHz SCS: 
Cyclic shift dimensioning for ZC sequences of length 283, 571 and 1151
With ZC sequences of new lengths adopted for NR-U PRACH, determining their cyclic shifts is trivial and the same method which was applied for LTE and NR could be reused. Consider a ZC sequence of length  used at a given cell radius , then for orthogonal multiplexing, the cyclic shift, , needs to fulfill 
	                                                     (2)
where  is the ceiling operator,  is the maximum channel delay, is the speed of light,  is the SCS and is the number of guard samples to account for TX/RX filtering. For a given cyclic shift , the number of preamble sequences that can be generated per ZC root sequence is 
                                                                             (3)
where  is the floor operator. In NR, the cyclic shifts are limited to 16 values and  is signaled by the RRC parameter zeroCorrelationZoneConfig. Hence,  can be smaller for a given cell radius , than if any integer would have been possible for  (i.e., a smaller would have been feasible). This implies that more root sequences will be used in the cell, which results in non-orthogonal preambles. Therefore, the set of  values (denoted by {}) should be chosen so that the number of preambles is as close as possible to what would have been feasible if there were no restrictions on the value of . It has been mathematically proven in [7] that the optimal solution to this problem is

where  denotes rounding to the closest integer and is the solution to 

with  being a boundary condition for the number of preamble sequences per root sequence. Obviously, setting a large value for  results in a small supported cell radius . More precisely, in the optimal solution, the cyclic shifts are chosen such that for any cell radius that is located between the ones supported by and , respectively, the number of preambles is as close as possible to the number of preambles that could be obtained if there were no restrictions on the value of . The parameter  can be obtained numerically from (5) by setting the boundary conditions  and . Equation (4) was used for determining the  values for unrestricted sets in LTE and NR for the sequence length , assuming that it should be possible to multiplex 64 preambles on a single root sequence (i.e., ) and that it should be possible to multiplex at least 2 preambles on a single root sequence (i.e., ). These values result in . The value  denotes that no cyclic shift multiplexing is used, which achieves the maximum  provided by the PRACH format. Table A-3 in Appendix contains the maximum  for each NR Rel-15 PRACH format.
Background in the cyclic shift values for the length-139 ZC sequence in NR Rel-15
The  values for the length-139 ZC sequence in NR are listed in Table 7 together with the supported cell radius for different SCS values according to (2), where  µs (i.e., assuming the CDL-C model with 100 ns desired delay spread) and . The values marked in green were obtained according to (4) from [8] assuming 3-bit signaling (i.e., 8  values) and the values marked in blue were subsequently manually inserted, since it was later agreed to use a 4-bit table (i.e., 16  values). Notably, the number of  values is 8 for the length-139 ZC sequence in LTE. Table 7 shows that in several cases, the cell radius is less than 1 m, however, it was understood that PRACH is used for other applications than initial access (e.g., contention-free random access, beam management etc.) wherein the receive timing is already known and for which it was considered useful with very small  values for high multiplexing capacity. It should be noted that there are several large  values of the length-139 ZC sequence which result in cell radii which are considerably larger than what would be needed for NR-U with 15 kHz and 30 kHz SCS. 
Table 7. Cyclic shift values  for the length-139 ZC sequence in NR Rel-15 and corresponding maximum cell radii   assuming  µs maximum channel delay and  guard samples.
	zeroCorrelation
ZoneConfig
	
	 [m] for 15 kHz SCS
	 [m] for 30 kHz SCS
	 [m] for 60 kHz SCS
	 [m] for 120 kHz SCS

	0
	0
	Maximum supported by the PRACH format
	Maximum supported by the PRACH format
	Maximum supported by the PRACH format
	Maximum supported by the PRACH format

	1
	2
	<1
	<1
	<1
	<1

	2
	4
	13
	<1
	<1
	<1

	3
	6
	157
	13
	<1
	<1

	4
	8
	301
	85
	<1
	<1

	5
	10
	445
	157
	13
	<1

	6
	12
	588
	229
	49
	<1

	7
	13
	660
	265
	67
	<1

	8
	15
	804
	337
	103
	<1

	9
	17
	948
	409
	139
	4

	10
	19
	1092
	481
	175
	22

	11
	23
	1380
	624
	247
	58

	12
	27
	1668
	768
	319
	94

	13
	34
	2171
	1020
	445
	157

	14
	46
	3034
	1452
	660
	265

	15
	69
	4689
	2279
	1074
	472



Cyclic shift values for ZC sequences of length 283, 571 and 1151
We apply (4) and still assume . However, the maximum cell radius would be excessive for NR-U if , which is shown in Table A-4 in Appendix. Thereto, a large cell radius is anyway supported for , which is shown in Table A-3 in Appendix. A better choice is to set , which yields and the values in Table 8. It can be noted that the supported cell radius (excluding the case of ) is m for 15 kHz SCS and m for 30 kHz SCS, which according to Table 7 are comparable to that for the length-139 sequence with 60 kHz and 120 kHz SCSs, respectively. Since 60 kHz and 120 kHz SCSs are primarily for small cells, the supported cell radii in Table 8 appear suitable, as they mimic those in Table 7 for 60 kHz and 120 kHz SCSs.
Table 8. Cyclic shifts for different ZC sequence lengths and corresponding maximum cell radii  for 15 kHz or 30 kHz SCS, using  and  assuming  µs and . For , the cell radius is the maximum supported by the PRACH format.
	zeroCorrelation
ZoneConfig
	NZC=571, Δf=15 kHz
	NZC=1151, Δf=15 kHz
	NZC=283, Δf=30 kHz
	NZC=571, Δf=30 kHz

	
	NCS
	 [m]
	NCS
	 [m]
	NCS
	 [m]
	NCS
	 [m]

	0
	0
	max
	0
	max
	0
	max
	0
	max

	1
	8
	<1
	17
	<1
	4
	<1
	8
	<1

	2
	10
	9
	20
	25
	5
	<1
	10
	<1

	3
	11
	27
	23
	51
	6
	<1
	11
	<1

	4
	12
	44
	26
	78
	7
	<1
	12
	<1

	5
	14
	79
	29
	104
	8
	<1
	14
	<1

	6
	16
	114
	33
	138
	9
	<1
	16
	<1

	7
	19
	167
	38
	182
	10
	10
	19
	18

	8
	21
	202
	44
	234
	11
	28
	21
	35

	9
	24
	254
	50
	286
	12
	46
	24
	62

	10
	28
	324
	57
	347
	14
	81
	28
	97

	11
	33
	412
	67
	434
	16
	116
	33
	140

	12
	40
	534
	82
	564
	20
	187
	40
	202

	13
	47
	657
	95
	677
	23
	240
	47
	263

	14
	57
	832
	115
	851
	28
	328
	57
	351

	15
	71
	1077
	143
	1094
	35
	452
	71
	473



Proposal 6: The following cyclic shifts are used for ZC sequences of length :
· If :  
· If :  
· If :  
Root index ordering for ZC sequences of length 283, 571 and 1151
For the length-839 ZC sequence in LTE, the logical root indices  are mapped to the sequence root indices  considering an ordering according to the CM values. The length-139 ZC sequence was introduced in LTE and there were several proposals on the logical root index mapping [9]-[11] which also considered the CM. However, it was agreed to just follow a complex conjugate pair ordering, since this reduces detection complexity with ~50% [6]. Ordering in terms of CM may be even less important for small cells. The same root index ordering was used for the length-139 sequence in NR and it could be straightforwardly applied to any new ZC sequence length, i.e., the mapping is done in pairs of . Equivalently, the sequence root index  could be determined from a logical index  by 

An example of (6) for  is contained in Table 9.
Table 9. Logical root index ordering for length-283 ZC sequence.
	

	
Sequence number  in increasing order of 

	0 – 19
	1
	282
	2
	281
	3
	280
	4
	279
	5
	278
	6
	277
	7
	276
	8
	275
	9
	274
	10
	273

	20 – 39
	11
	272
	12
	271
	13
	270
	14
	269
	15
	268
	16
	267
	17
	266
	18
	265
	19
	264
	20
	263

	40 – 59
	21
	262
	22
	261
	23
	260
	24
	259
	25
	258
	26
	257
	27
	256
	28
	255
	29
	254
	30
	253

	60 – 79
	31
	252
	32
	251
	33
	250
	34
	249
	35
	248
	36
	247
	37
	246
	38
	245
	39
	244
	40
	243

	80 – 99
	41
	242
	42
	241
	43
	240
	44
	239
	45
	238
	46
	237
	47
	236
	48
	235
	49
	234
	50
	233

	100 – 119
	51
	232
	52
	231
	53
	230
	54
	229
	55
	228
	56
	227
	57
	226
	58
	225
	59
	224
	60
	223

	120 – 139
	61
	222
	62
	221
	63
	220
	64
	219
	65
	218
	66
	217
	67
	216
	68
	215
	69
	214
	70
	213

	140 – 159 
	71
	212
	72
	211
	73
	210
	74
	209
	75
	208
	76
	207
	77
	206
	78
	205
	79
	204
	80
	203

	160 – 179
	81
	202
	82
	201
	83
	200
	84
	199
	85
	198
	86
	197
	87
	196
	88
	195
	89
	194
	90
	193

	180 – 199 
	91
	192
	92
	191
	93
	190
	94
	189
	95
	188
	96
	187
	97
	186
	98
	185
	99
	184
	100
	183

	200 – 219 
	101
	182
	102
	181
	103
	180
	104
	179
	105
	178
	106
	177
	107
	176
	108
	175
	109
	174
	110
	173

	220 – 239 
	111
	172
	112
	171
	113
	170
	114
	169
	115
	168
	116
	167
	117
	166
	118
	165
	119
	164
	120
	163

	240 – 259 
	121
	162
	122
	161
	123
	160
	124
	159
	125
	158
	126
	157
	127
	156
	128
	155
	129
	154
	130
	153

	260 – 279 
	131
	152
	132
	151
	133
	150
	134
	149
	135
	148
	136
	147
	137
	146
	138
	145
	139
	144
	140
	143

	280 – 281 
	141
	142
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


 [image: ]
Figure 7. The cubic metric profiles of single long ZC sequences of length 1151/571/283 in the order of logical root indices in (6).
Figure 7 shows that using (6), the cubic metric is approximately increasing with the logical root indices, i.e., larger logical root indices result in higher CM values. This implies that if low CM is critical in a deployment, the gNB could signal a small logical root index from which the UE obtains a set of preambles with similar CM. Hence there is no need to purge certain root indices from the root index set or to develop another ordering than (6) in order to optimize the CM. 
Proposal 7: The logical root indices are mapped to the sequence root indices as 
Multiplexing between PRACH and PUSCH/PUCCH
Two cases for multiplexing between PRACH and PUSCH/PUCCH are considered:
· FDM between PRACH and PRB-interlaced PUSCH/PUCCH
This would always have been possible if PRB-interlaced PRACH was adopted. Thus, if the PRACH allocation overlaps with the PUSCH/PUCCH allocation, this type of multiplexing should not be allowed. We see no reason to manipulate and rate match the PUSCH/PUCCH resource allocation to fit around the PRACH. If the PRACH allocation does not overlap with the PUSCH/PUCCH allocation (e.g., the allocations are in different LBT subbands), multiplexing is possible. However, this does not require any particular standardized solution.   
· FDM between PRACH and contiguous PUSCH/PUCCH
This could be possible by scheduling PUSCH/PUCCH on resources orthogonal to the PRACH. The potential issue is that, if the allocations are in the same LBT subband, PRACH transmission may be blocked by other UEs’ PUSCH/PUCCH transmissions if the UEs are sufficiently close such that they interfere with each other and the timing advance is larger than the RX-to-TX switch time. The agreed 300 m ISD assumed in the evaluations corresponds to a Round Trip Time (RTT) of 1.2 μs, which is smaller than the expected switch time (e.g., 13 μs and 7 μs for FR1 and FR2, respectively). Hence, the issue will not be severe and the gNB could handle it with implementation specific means. 
Proposal 8: No solution with specification impact is adopted for handling multiplexing between PRACH and PUSCH/PUCCH.
Conclusions
In this contribution, we have made the following proposals:
For DRS:
Proposal 1: Alternative 2 shall be adopted in NR-U as SSB position and Type-0 PDCCH monitoring 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 and symbol (#7) for length-1 CORESET 0 for the second SSB in a slot.
Proposal 2: NR-U shall support that RMSI PDSCH scheduled by Type-0 PDCCH is rate-matched around the corresponding SSBs.
Proposal 3: Indicator for OSI and paging and Q value should be included in MIB.
Proposal 4: Alt 1 is preferred for UE to acquire CORESET0 from SSB not on a sync raster. 

For PRACH:
Proposal 5: The NR-U PRACH is based on a single ZC sequence with the following lengths:
· For 15 kHz SCS: 
· For 30 kHz SCS: 
· For 60 kHz SCS: 
Proposal 6: The following cyclic shifts are used for ZC sequences of length :
· If :  
· If :  
· If :  
Proposal 7: The logical root indices are mapped to the sequence root indices as 
Proposal 8: No solution with specification impact is adopted for handling multiplexing between PRACH and PUSCH/PUCCH.
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Appendix: 
Table A-1 lists all the candidate PRACH schemes with format A1 for NR-U. Their corresponding ZC sequence lengths , cyclic shift values  and frequency resource allocations are detailed in the table. To generate 64 preambles in one cell for each scheme, we take their root indexes in the order of  and so on, and use  values according to the supported cell radius (i.e., 173 m) based on Table 7 in Section 3.4. The cyclically shifted sequences are then repeated by  times (if needed) and mapped to the frequency resources with certain phase rotations according to the RE allocations of one RACH occasion (RO) in the table. To reduce the CM of PRACH schemes with repetition, we modulate each repetition of the ZC sequence with a phase ramp and/or a common phase shift as detailed in Table A-1, where the phase ramp step and common phase shift values are cited from [12][13].  
Table A-1. Candidate PRACH schemes with format A1 for NR-U.
	SCS
(kHz)
	Scheme
	Frequency domain sequence generation
	 per RO
	Bandwidth per RO (MHz)

	
	
	
	
	
	RE allocation of one RO
	
	

	15
	ZC139
	139
	8
	1
	139 contiguous REs
	12
	2.085

	
	ZC139x4
	139
	8
	4
	556 contiguous REs with phase ramp step [0, 0, 0.008, 0.008] and common phase shift [0, -0.05, -0.05, ] for each of the four repetitions [12]
	47
	8.34

	
	ZC571
	571
	21
	1
	571 contiguous REs
	48
	8.565

	
	ZC139x8
	139
	8
	8
	1112 contiguous REs with common phase shift [1, 1i, 1i, -1, -1, 1i, 1i, 1] for each of the eight repetitions [13]
	93
	16.68

	
	ZC1151
	1151
	38
	1
	1151 contiguous REs
	96
	17.265

	30
	ZC139
	139
	12
	1
	139 contiguous REs
	12
	4.17

	
	ZC139x2
	139
	12
	2
	278 contiguous REs with phase ramp step [0, -0.008] for each of the two repetitions [12]
	24
	8.34

	
	ZC283
	283
	20
	1
	283 contiguous REs
	24
	8.49

	
	ZC139x4
	139
	12
	4
	556 contiguous REs with phase ramp step [0, 0, 0.008, 0.008] and common phase shift [0, -0.05, -0.05, ] for each of the four repetitions [12]
	47
	16.68

	
	ZC571
	571
	40
	1
	571 contiguous REs
	48
	17.13

	60
	ZC139
	139
	19
	1
	139 contiguous REs
	12
	8.34


  
Figures A-1 to A-3 show the performance of all the candidate PRACH schemes listed in Table A-1, which are obtained following the simulation assumptions agreed in [14][15]. 
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 (a) 												(b)
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(c)
 Figure A-1. Performance comparison of PRACH schemes with 15 kHz SCS.
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Figure A-2. Performance comparison of PRACH schemes with 30 kHz SCS.
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(c)
 Figure A-3. Performance of PRACH scheme with 60 kHz SCS.
Table A-2 lists the lengths of ZC sequences that are supported in Rel-15 NR at UE for PRACH, DMRS and the SRS.
Table A-2. Supported ZC sequence lengths for a Rel-15 NR UE for a 20 MHz bandwidth.
	NZC
	NZC
	NZC
	NZC
	NZC
	NZC
	NZC
	NZC
	NZC
	NZC

	31
	151
	271
	389
	509
	647
	761
	919
	1039
	1163

	47
	167
	283
	401
	523
	659
	773
	929
	1051
	1171

	59
	179
	293
	419
	547
	661
	787
	947
	1063
	1187

	71
	191
	311
	431
	563
	683
	797
	953
	1069
	1193

	83
	199
	317
	443
	571
	691
	811
	971
	1091
	1201

	89
	211
	331
	449
	587
	701
	827
	983
	1103
	1223

	107
	227
	347
	467
	599
	719
	839
	991
	1109
	1231

	113
	239
	359
	479
	607
	727
	863
	997
	1123
	1237

	131
	251
	367
	491
	619
	743
	887
	1019
	1129
	1259

	139
	263
	383
	503
	631
	751
	911
	1031
	1151
	-



Table A-3 lists the maximum supportable cell radius for each NR Rel-15 PRACH format.
Table A-3. Maximum cell radii  [m] for the NR Rel-15 PRACH formats for different SCS assuming  µs and .
	Format
	Δf=15 kHz
	Δf=30 kHz
	Δf=60 kHz
	Δf=120 kHz

	A1
	1276
	573
	221
	45

	A2
	2682
	1276
	573
	221

	A3
	4088
	1979
	924
	397

	B1
	924
	397
	133
	1

	B2
	1627
	748
	309
	89

	B3
	2330
	1100
	485
	177

	B4
	4440
	2155
	1012
	441

	C0
	5924
	2897
	1383
	626

	C2
	9870
	4870
	2370
	1120



Table A-4 lists the cyclic shifts  for different ZC sequence lengths and corresponding maximum cell radii for 15 kHz or 30 kHz subcarrier spacing, using  and assuming  µs maximum channel delay and  guard samples. 
Table A-4. Cyclic shifts for different ZC sequence lengths and the corresponding maximum cell radii  for 15 kHz or 30 kHz SCS, using  and assuming  µs and . For , the cell radius is maximum supported by the PRACH format.
	zeroCorrelation
ZoneConfig
	NZC=571, Δf=15 kHz
	NZC=1151, Δf=15 kHz
	NZC=283, Δf=30 kHz
	NZC=571, Δf=30 kHz

	
	NCS
	 [m]
	NCS
	 [m]
	NCS
	 [m]
	NCS
	 [m]

	0
	0
	max
	0
	max
	0
	max
	0
	max

	1
	8
	<1
	17
	<1
	4
	<1
	8
	<1

	2
	10
	9
	21
	34
	5
	<1
	10
	<1

	3
	12
	44
	25
	69
	6
	<1
	12
	<1

	4
	15
	97
	30
	112
	7
	<1
	15
	<1

	5
	17
	132
	35
	156
	8
	<1
	17
	<1

	6
	21
	202
	44
	234
	10
	10
	21
	35

	7
	25
	272
	52
	303
	12
	46
	25
	70

	8
	31
	377
	63
	399
	15
	99
	31
	123

	9
	40
	534
	82
	564
	20
	187
	40
	202

	10
	51
	727
	104
	755
	25
	275
	51
	298

	11
	63
	937
	127
	955
	31
	381
	63
	403

	12
	81
	1253
	164
	1276
	40
	540
	81
	561

	13
	114
	1830
	230
	1850
	56
	823
	114
	850

	14
	190
	3161
	383
	3179
	94
	1494
	190
	1515

	15
	285
	4825
	575
	4847
	141
	2325
	285
	2347
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