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Introduction 
In this contribution, the following aspects related to the initial access signals/channels are discussed:
· SSB transmission pattern in time.
· SSB transmission pattern in freq.
· Type0-PDCCH monitoring.
· RMSI-PDSCH rate matching around SSBs
· Default PDSCH SLIV table changes
· Performance evaluation and comparison between different candidate PRACH waveforms
· Enhancements to PUCCH resource configuration before RRC connection set up
SSB pattern 
The following agreement was made in 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.




SSB transmission pattern in time
 


Figure 1: Shows option 1 on the left and option 2 on the right. It is observed that option 2 increases RMSI carrying resources by 1 symbol when both SSBs in a slot are utilized

RMSI transmission may be repeated within a periodicity of 160ms. The significance of the extra resources also depend on SIB1 size which is unknown at the moment. The maximum SIB1 size is set to 2976 bits in Rel-15. An accurate estimate of RMSI coverage also depends on whether RMSI is rate-matched around SSBs and if not, on channel and SS raster placement. In order to make a rough comparison here we simply subtract 20 PRBs from the total available PRBs. Then we can observe, 
Option 1: 3 symbols x 51 PRBs – 20 PRBs (SSB) x 3 symbols = 1116 REs + MCS0  1116*2*0.1172  261 bits
Option 2: 4 symbols x 51 PRBs – 20 PRBs (SSB) x 3 symbols = 1728 REs + MCS0  1728*2*0.1172  405 bits
Based on the above discussion we think that it is reasonable to shift the second SSB location by 1 symbol to the right.

Proposal-1: Consider SSB patterns at symbols at symbols 2, 3, 4, 5 and 9, 10, 11, 12 in a slot (Option-2) 

 2. 2 SSB transmission pattern in frequency

There has been a few motivations put forward for introducing SSBs multiplexed in FDM manner – a) coverage improvement and b) meeting OCB requirements. 
With regards to a) we note that allowing intra-DRS accumulation and soft-combining in time-domain is a tool that can be used for the same purpose. Also it is not clear how these FDM-ed SSBs will be placed on the SS raster. Typically for initial access, in order to reduce hardware complexity, a major fraction of online processing is performed in the time-domain with a narrow filter used to reduce the processing bandwidth around a SSB and also the sample-rate. Further each raster point can be processed independently for cell-detection purposes. Therefore, FDM of SSB directly affects UE hardware complexity and such a study of complexity vs coverage is currently not available.

With regards to b) the allowance permitted by regulations in terms of meeting OCB requirements and whether there is specification impact for FDM SSBs can be better discussed in the channel access sub-topic.

Proposal-2: From initial access point of view it is pre-mature to introduce multiple SSB locations in frequency with repetition
Type 0 PDCCH monitoring

	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.



According to our link budget studies, a 2 symbol, 48 PRB CORESET with AL=16 requires about -8dB SINR for achieving 1% BLER (2x2). Under the same scenario, PBCH with 4 accumulations requires about -12.6 dB SINR for 1% BLER. Therefore we think supporting a 2 symbol CORESET makes sense from link budget perspective.



[bookmark: _Ref3384763]Figure 2: SSB option-2 time-domain pattern showing (A) 1-symbol CORESET allocation, (B) 1-symbol CORESET allocation with reduced time-footprint, (C) 2-symbol CORESET allocation 

It can be observed from Figure 2 (A) and (C) that within a slot PDCCH Type-0 monitoring at symbol 0 and symbol 7 is sufficient to allow one or two symbol CORESET. 

	
Q=4, RMSI can span 5 symbols
	
Q=4 but gNB transmitting 2 beams only, RMSI can span 12 symbols


[bookmark: _Ref4767885]Figure 3: Example of Type 0 PDCCH monitoring in the same slot as SSB

	
Q=2, RMSI can span 5 symbols
	
Q=1, RMSI can span 12 symbols


[bookmark: _Ref4767950]Figure 4: Example of Type 0 PDCCH monitoring in two consecutive slots including the same slot as SSB

Next we consider Type-0 PDCCH monitoring slots. In Rel-15, the general philosophy for RAN2 has been to provide a large SIB1 size to enable lower latency for cell access. In Rel-15, CORESET#0 is monitored in 2 slots. If Q=4 in NR-U CORESET#0 is going to be monitored in 0.5 slot reducing RMSI resources significantly. We envision that in NR-U, there will be certain configurations where a single slot will be available for RMSI transmission (as shown in Figure 3). However, there can be configurations where RMSI can be transmitted in 2 consecutive slots as in Rel-15 (as shown in Figure 4). Therefore we propose:

Proposal-3: Consider Type-0 PDCCH monitoring position within a slot in symbols 0 and 7. Consider Type 0 PDCCH monitoring to be configurable with 1 slot (same slot as SSB) or 2 consecutive slots (as in Rel-15). 
RMSI-PDSCH rate matching around SSBs 




[bookmark: _Ref4768556]Figure 5: NR channel raster is 30 kHz which does not allow exactly 20 MHz channel spacing. NR SS raster is 1.44 MHz that does not allow placement of SSB coinciding with BWP edge for all channels.

RMSI-PDSCH resource allocation in Rel-15 is limited to Type 1 where start-RB and a number of RBs is signalled. This helps to maintain a compact DCI size. A consequence of this is that in order to maximize the resource for RMSI, SSBs should be placed as close to the initial BWP edge as possible [3]. However, the exact placement of SSB within the initial BWP depends on the channel raster and the SS raster which is not yet determined for NR-U operation.
As a hypothesis, we can consider the channels in 5 GHz unlicensed band as defined in LTE (36.104) – a large fraction of them are spaced 20 MHz apart as shown in Figure 5. Then we can consider the NR 1.44 MHz SS raster to determine SSB placement. Our studies show that depending on the exact channel configuration there may be a gap of up to 4 PRBs between the SSB edge and the BWP edge. This is intuitive because 1.44 MHz corresponds to 4 PRBs (@ 30 kHz SCS). The gap increases if the SS raster is sub-sampled.
If, however, channel and SS rasters allow placement of SSB at BWP edges, introduction of rate-matching may not be needed.
Observation-4: Whether RMSI rate-matching around SSBs is needed (or can be handled by configuration by placing at BWP edge) depends on the channel and SS raster placement. 

Default PDSCH SLIV table


[bookmark: _Ref4681512]Figure 6: Type B RMSI resource allocation with S=0, 7 and L=7. RMSI is rate-matched around CORESET

Based on the intention of supporting multiple SSB beams within a slot, we consider Type B time-domain resource allocation for RMSI starting at symbols 0 and 7 as shown in Figure 6. This can allow full utilization of the half-slot available for RMSI transmission. Note that the associated DMRS is shifted to the first symbol after the CORESET due to overlap. This mechanism is already supported in Rel-15. 

Accordingly a default time-domain resource allocation table can be modified to introduce Type B PDSCH starting at symbols 0 and 7 and of length 7 as shown below:

Table 1: Default PDSCH modifications
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	TBD
	2,3
	Type B
	0
	7
	7

	TBD
	2,3
	Type B
	0
	0 
	7



Proposal-5: Consider Type B TDRA for RMSI starting at symbols 0, 7 and length 7.

Enhancements to PRACH design for NR-unlicensed
In TR38.889 [4], the following was agreed as the guideline to be followed in designing PRACH sequence length for NR-unlicensed operation:

NR short PRACH formats (L = 139) satisfy temporal 2 MHz OCB requirement in the legacy NR form, whereas except format 3, no other long PRACH format (formats 0/1/2 with L = 839) meets the 2 MHz minimum OCB requirement. Since the usage of unlicensed spectrum has been primarily targeted for small to normal cell scenarios due to the limited maximum transmission power by regulations, it is to be further studied to determine whether the support of long PRACH formats (which are mainly intended for coverage enhancement or high speed use cases) is essential for NR-unlicensed. Also, from the perspective of multiplexing various uplink channels, short PRACH would be more preferable than long PRACH, owing to its support of SCS which is identical to other physical channels (PUCCH/PUSCH). Therefore, we propose to support only NR short PRACH formats as the baseline for NR-unlicensed spectrum.Support for Rel-15 NR PRACH formats can be considered, however, not necessarily all Release 15 NR PRACH formats are applicable to NR-U. It is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation. Exclusion of the support of certain formats is to be identified.
It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.

Proposal-6: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
PRACH evaluation
In the second last RAN1 meeting [5], the following simulation assumptions were agreed regarding the evaluation of the candidate PRACH structures that were included in TR 38.889 [4]. 
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
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 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)]
Optional: Uniformly distributed in [0, 2 µs (corresponding to 500 m ISD)]

	PRACH format
	A1 with other formats optional

	Subcarrier spacing
	15/30 kHz.  (with other SCS optional)

	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

	Preamble detector
	Each company should provide details on used algorithm

	Interference assumption
	No interference. 
Optional: -3/0/3dB interference power compared with target PRACH

	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


Following the agreements on simulation assumptions, further agreements were made in the last RAN1 meeting [2] regarding the performance metric be used as benchmark for comparing various PRACH waveform candidates:
Agreement:
For PRACH evaluations, following metrics should be provided:
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139, 

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

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# 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)
	
	The actually used bandwidth with one RO, SCS*L_RA*R

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

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

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

	MCL (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

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


Based on the agreed assumptions, we performed evaluations to compare the performance of following candidate PRACH structures:
1. Rel-15 NR PRACH (139 contiguous subcarriers) - as a baseline.
2. Contiguous allocation: repetition by “n” times in frequency domain of Rel-15 preamble (contiguous n*139 subcarriers, where n = 4 for 30 KHz SCS and n = 8 for 15 KHz SCS), with different phase rotations.
3. Uniform interlace: 12 PRBs/interlace (every 4 PRBs for 30KHz SCS and every 8 PRBs for 15KHz SCS)
4. Non-uniform interlace (1) – 10 PRBs are allocated on one interlace designed for PUSCH (i.e. 10 PRBs /interlace). Additional 2 PRBs are allocated as follows: for 30 KHz SCS, the additional 2 PRBs are allocated on 1st and 5th PRB locations on the 3rd interlace (assuming the first 10 PRBs are allocated on interlace indexed 1 and the PRB indices within one interlace are indexed 1, 2 … 10). For 15 KHz SCS, the additional 2 PRBs are allocated on 1st and 5th PRB locations on the 6th interlace.
5. Non-uniform interlace (2) - for 30 KHz SCS, the inter-PRB separation is varied as {3, 6, 3, 6 …} PRBs and for 15 KHz SCS, the inter-PRB separation is varied as {8, 10, 8, 10…} PRBs.
Figure 7 illustrates the waveforms of the abovementioned 5 PRACH candidates evaluated for 30 KHz SCS.


Figure 7: Candidate PRACH waveforms at 30 KHz SCS
For all the five PRACH waveforms mentioned above, the set of 64 preambles were generated by randomly selecting one logical sequence index first (that corresponds to a Zadoff-Chu (ZC) sequence root index as per Table 6.3.3.1-4 of TS 38.211) and subsequently selecting 63 consecutive logical sequence indices from the table (with possible wrap around). No cyclic shifts were used for any of the 64 preambles.
Signal-to-noise ratio (SNR) is defined as the ratio of the signal and noise power measured at each time domain sample.
Other simulation parameters including carrier frequency, channel model, delay scaling, initial timing and frequency offsets, UE speed, antenna configurations, subcarrier spacing and PRACH format (A1) are set as per the agreed simulation assumption. Length-139 ZC sequence (similar to NR PRACH) is used for all the five PRACH schemes mentioned above. Note that, for the contiguous repetition scheme, different pre-determined phase rotations are applied on each of the repeated preambles to keep PAPR low.
Simulation results for 30 KHz SCS
Figure 8 shows the performance of five different PRACH schemes mentioned in the previous subsection in terms of miss detection probability, false alarm probability and timing estimation error (CDF) at 30 KHz sub-carrier spacing for TDL-C channel model with delay scaling = 10 ns and 100 ns respectively. In each of the plots, the “blue” curve represents NR-PRACH, the “red” curve represents contiguous allocation of “n” NR-PRACH preambles repeated in frequency, the “green” curve represents uniform PRB based interlace, the “cyan” curve represents non-uniform PRB based interlace (1) (i.e. interlace with 10 PRBs on one uniform PUSCH interlace and 2 additional PRBs on another interlace) and the “magenta” curve represents non-uniform PRB based interlace (2) (i.e. interlace with irregular inter-PRB distance following a specific pattern across the interlace).  The following observations can be made from the subplots (a) through (f) of Figure 8:
· For false alarm probability < 0. 1% (maintained for all the five schemes by choosing PRACH detection threshold accordingly, as can be seen from Fig. 8(c) for 10 ns delay spread (DS) and fig. 8(d) for 100 ns DS, respectively), the desired miss detection probability of <1% can be achieved at nearly 3 dB lower SNR for contiguous allocation scheme compared to NR-PRACH with 10 ns delay spread, whereas both uniform and non-uniform interlaces perform worse than contiguous allocation scheme in terms of miss detection probability. In particular, non-uniform interlace (1) offers the worst detection performance, nearly 7 dB worse than contiguous allocation scheme for <1% miss detection probability with 10 ns delay scaling, while uniform interlace offers similar performance as NR-PRACH, i.e. approximately 3 dB worse than contiguous allocation scheme, as is evident from Fig. 8(a).
· With increase in delay scaling from 10 ns to 100 ns, as expected, contiguous allocation scheme (with n =4 at 30 KHz SCS) would exploit the frequency-diversity benefit the most and offers nearly 5~6 dB better performance than interlace based schemes for <1% miss detection probability, as can be seen from Fig. 8(b).
· Timing estimation error for all the schemes are within +/- 1 µs (i.e. less than 50% of normal CP length of 1.17 µs at 30 KHz SCS) both at 10 ns and 100 ns delay spreads respectively, as can be seen from Figs. 8(e) and 8(f). Moreover, contiguous allocation scheme has less variation in the timing estimation error CDF profile (i.e. more accurate) than the uniform and non-uniform interlace based schemes.
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Figure 8:  Performance of candidate PRACH waveforms at 30 KHz SCS for TDL-C channel with DS = {10,100} ns

Simulation results for 15 KHz SCS
Figure 9 shows the performance of various PRACH waveforms in terms of miss detection probability, false alarm probability and timing estimation error for 15 KHz SCS and TDL-C channel model with delay spread 10 ns. The following observations can be made from the subplots (a) through (c) of Figure 9:
· For false alarm probability < 0. 1% (maintained for all the five schemes by choosing PRACH detection threshold accordingly, as can be seen from Fig. 9(b), the desired miss detection probability of <1% can be achieved at nearly 3 dB lower SNR for contiguous allocation scheme compared to NR-PRACH with 10 ns delay spread, whereas both uniform and non-uniform interlace perform worse than contiguous allocation scheme in terms of miss detection probability as can be seen from Fig. 9(a), a trend very similar to 30 KHz SCS and 10 ns delay spread, as is shown in Fig. 8(a).
· Timing estimation error for all the schemes are within +/- 1 µs (i.e. less than 50% of normal CP length of 2.34 µs at 15 KHz SCS), as can be seen from Fig. 9(c). Moreover, contiguous allocation scheme has less variation in the timing estimation error CDF profile (i.e. more accurate) than the uniform and non-uniform interlace based schemes, as was also seen for 30 KHz SCS in Fig. 8(e).
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Figure 9: Performance of candidate PRACH waveforms at 15 KHz SCS for TDL-C channel with DS = 10 ns
Performance metric
Figure 10 shows the CCDF of cubic metric (CM) for all the five PRACH waveforms, for which BER and timing estimation error performance is evaluated in the previous subsection. 95th and 99th percentiles of CM (defined as the CM threshold that 95% and 99% of all 138 PRACH preamble root sequences of a particular PRACH design fall below respectively) derived from Figure 10 are tabulated below:
Table 2: 95th and 99th percentile CM of different candidate PRACH designs
	Design
	95th percentile CM [dB]
	99th percentile CM [dB]

	
	SCS = 30 KHz
	SCS = 15 KHz
	SCS = 30 KHz
	SCS = 15 KHz

	NR-PRACH
	2.3
	2.3
	2.4
	2.3

	Contiguous
	2.5
	2.6
	2.6
	2.7

	Uniform interlace 
	3.0
	3.0
	3.2
	3.2

	Non-uniform interlace (1)
	4.0
	3.9
	4.5
	4.4

	Non-uniform interlace (2)
	4.0
	4.0
	4.9
	4.8
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Figure 10: Complementary CDF (CCDF) over the 138 preamble sequences of Cubic metric (CM)
[bookmark: _GoBack]It should be noted that although CM may provide some information about PA backoff values, the CM formula was optimized and derived for W-CDMA and LTE operating at lower frequencies compared to NR-U. The empirical fitting model was fitted against available PA design and models from 2004 to 2006. Therefore, CM may not be completely suitable for deriving appropriate PA backoff values for NR-U evaluation.
For a more accurate source of PA backoff, the MPR analysis conducted by RAN4 would be more suitable. The basics of MPR analysis is described in the Appendix. The PA backoff derived from the MPR analysis factors into account EVM requirements, spectral emission mask (SEM) requirements, in-band emission (IBE) requirements, and adjacent channel leakage ratio (ALCR) requirements. 
Table 3 shows the PA backoff derived from MPR analysis based on the PA model for FR1 provided by RAN4 during NR study [6]. The SEM, IBE, and ACLR requirements were based on LTE band 46 (unlicensed band) requirements for UE power class 3. 
Table 3: PA backoff derived from MPR analysis of different candidate PRACH designs
	Design
	PA Backoff [dB]

	
	SCS = 30 KHz
	SCS = 15 KHz

	NR-PRACH
	0 {Reference}
	0 {Reference}

	Contiguous
	2.96
	2.64

	Uniform interlace 
	3.76
	26.18(1)

	Non-uniform interlace (1)
	4.78
	14.69(2)

	Non-uniform interlace (2)
	4.84
	9.97(3)

	Note (1) The huge loss in PA backoff is stemming from IBE requirements. If IBE requirement is ignored and only SEM and ACLR requirements are taken into account, the PA backoff would be 3.92 dB with respect to NR-PRACH maximum transmission power.

Note (2) The huge loss in PA backoff is stemming from IBE requirements. If IBE requirement is ignored and only SEM and ACLR requirements are taken into account, the PA backoff would be 4.73 dB with respect to NR-PRACH maximum transmission power.

Note (3) The huge loss in PA backoff is stemming from SEM requirements. The test non-uniform interlace (2) has the largest occupied bandwidth, which is 99 PRBs in frequency. The near placement of the non-uniform interlace signal to the edge of the bandwidth and inter-modulation (IMD) out-of-band leakage makes it difficult to meet the SEM at high PSD. If SEM requirements are ignored and only IBE and ACLR requirements are taken into account, the PA backoff would be 4.37 dB with respect to NR-PRACH maximum transmission power.


It should be noted that for 15kHz SCS, some the PA backoff values for interlace approaches are extremely large. This is mainly because of the stringent IBE requirements and large inter-modulation (IMD) leakages from the interlace design. If some of the critical signal quality requirements are not considered, for example only consider ACLR and SEM and ignore IBE requirements, the PA back off values exhibit similar values as 30kHz cases. The main reason 30kHz cases do not show such problems is due to the limited number of PRBs in the frequency and limited inter-PRB distance for the interlace design. As mentioned in the Appendix, IBE requirements are function of the distance to the nearest allocated PRB, for 15kHz this distance can be much larger than 30kHz and can be more problematic.
An illustration of IMD leakages of interlace structure impacting maximum transmit power and not being able to meet IBE requirement at higher transmit power are shown in Figure 11. Figure 11-(a) shows the measured IBE when the PRACH signal is based on uniform PRB interlace structure, and Figure 11-(b) shows the measured IBE when the PRACH signal is based on non-uniform PRB interlace (2) structure. Both signals are for 15kHz SCS.
It is easy to identify that the IMD harmonics from the interlace signals are appearing in the non-allocated PRB locations and causing strong interference. The IMD harmonics are the main source of the challenge to meet IBE requirements.
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	(a) Uniform interlace structure
	(b) Non-uniform interlace (2) structure


Figure 11. Examples of measured in-band emission, relative PSD and IBE requirements for Interlace structures

As per the agreed performance metric reporting in the last RAN1 meeting [2], MCL is evaluated for all the PRACH design schemes and provided in Tables 3 and 4 for SCS= 30 KHz and SCS = 15 KHz respectively. For brevity, the five schemes evaluated are referred to as Alt. 1 to Alt. 5, where, Alt. 1: NR-PRACH; Alt. 2: contiguous; Alt. 3: uniform interlace; Alt. 4: non-uniform interlace (1) and Alt. 5: non-uniform interlace (2) respectively.
Table 4: Performance metric of different candidate PRACH designs for SCS = 30 KHz
	Parameter
	Value
	Notes

	Scheme
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4
	Alt. 5
	E.g. Alt4-ZC139x2

	SCS
	30
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	E.g. 139,

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

	N_cs

	Depends on environment/network configuration
	E.g. 11

	# of RBs used for one RO (N_RB)
	12
	47
	12
	12
	12
	# of RBs occupied by PRACH. E.g. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	5
	5
	5
	2
	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
	16.68
	4.17
	4.17
	4.17
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-112.8
	-106.8
	-112.8
	-112.8
	-112.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	DS=10ns 
	-2.0
	-5.2
	-1.3
	2.0
	-0.2
	SNR needed at 1% misdetection, read from simulation curve

	
	DS=100ns
	-3.2
	-7.9
	-2.7
	-0.4
	-1.5
	

	P_max (dBm)
	16.2
	22.2
	20.8
	20.0
	20.8
	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)
	CM
	95 %
	2.3
	2.5
	3.0
	4.0
	4.0
	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.

	
	
	99 %
	2.4
	2.6
	3.2
	4.5
	4.9
	

	
	Backoff determined from MPR analysis
	0 (ref.)
	2.96
	3.76
	4.78
	4.84
	

	P_TX (dBm)
	CM
	95 %
	16.2
	20.5
	20.0
	19.0
	19.0
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff.
PA backoff based on 95%-tile and 99%-tile CM values, and PA backoff determined from MPR analysis.

	
	
	99 %
	16.2
	20.4
	19.8
	18.5
	18.1
	

	
	PA backoff
	16.2
	20.0
	19.2
	18.2
	18.2
	

	MCL (dB)
	CM
	95%
	DS=10ns
	131.0
	132.5
	134.1
	129.8
	132.0
	MCL = P_TX-SNR-Np

	
	
	
	DS=100ns
	132.2
	135.2
	135.5
	132.2
	133.3
	

	
	
	99%
	DS=10ns
	131.0
	132.4
	133.9
	129.3
	131.1
	

	
	
	
	DS=100ns
	132.2
	135.1
	135.3
	131.7
	132.4
	

	
	MPR
	DS=10ns
	131.0
	132.0
	133.3
	129.0
	131.2
	

	
	
	DS=100ns
	132.2
	134.8
	134.9
	131.9
	133.4
	

	N_FDM
	4
	1
	4
	4
	3
	# of ROs in 20MHz

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


Table 5: Performance metric of different candidate PRACH designs for SCS = 15 KHz
	Parameter
	Value
	Notes

	Scheme
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4
	Alt. 5
	E.g. Alt4-ZC139x2

	SCS
	15
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	E.g. 139,

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

	N_cs

	Depends on environment/network configuration
	E.g. 11

	# of RBs used for one RO (N_RB)
	12
	93
	12
	12
	12
	# of RBs occupied by PRACH. E.g. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	10
	10
	5
	2
	5
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	2.08
	16.68
	2.08
	2.08
	2.08
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-115.8
	-106.78
	-115.8
	-115.8
	-115.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	DS = 10ns 
	-3.5
	-6.5
	-2.6
	0.6
	-1.5
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	13.2
	22.2
	20.8
	20.0
	20.8
	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)
	CM
	95%
	2.3
	2.6
	3.0
	3.9
	4.0
	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.

	
	
	99%
	2.3
	2.7
	3.2
	4.4
	4.8
	

	
	Backoff determined from MPR analysis
	0 (ref.)
	2.64
	26.18
	14.69
	9.97
	

	P_TX (dBm)
	CM
	95%
	13.2
	20.4
	20.0
	19.1
	19.0
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff
PA backoff based on 95%-tile and 99%-tile CM values, and PA backoff determined from MPR analysis.

	
	
	99%
	13.2
	20.3
	19.8
	18.6
	18.2
	

	
	PA Backoff
	13.2
	20.4
	-3.2
	8.3
	13.0
	

	MCL (dB)
	DS = 10ns
	CM
	95%
	132.5
	133.7
	138.4
	134.3
	136.3
	MCL = P_TX-SNR-Np

	
	
	
	99%
	132.5
	133.6
	138.2
	133.8
	135.5
	

	
	
	MPR
	132.5
	133.7
	115.2
	123.5
	130.3
	

	N_FDM
	8
	1
	8
	8
	7
	# of ROs in 20MHz

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



The following observations can be made from Tables 4 and 5:
· For 15 KHz SCS
· Uniform interlace (Alt. 3) may potentially offer 5~6 dB MCL gain over other PRACH waveforms only if IBE requirements are not taken into account. If IBE requirements are taken into account, All interlace schemes potentially suffer from significant PA backoff from IBE requirements. 
· For CM based backoff, while there is not much variation in backoff between 95th and 99th percentiles of CCDF for Alt. 1 (NR), 2 (contiguous) and 3, Alts. 4 and 5 (non-uniforms interlaces) undergo close to 0.5~0.8 dB MCL degradation from 95th to 99th percentile of CM CCDF due to larger backoff.  Therefore, the MCL gap between Alt. 2 and Alt. 4/5 reduces at 99th percentile of CM.
· One of the key reasons for reduced MCL gain of Alt. 2 is due to increased noise level (Np) with repeated preamble transmission, even though its backoff is the lowest among other alternatives (except NR-PRACH). However, estimation of Np doesn’t take into account the impact of in-band emission (interference=0 dB is assumed) which may potentially degrade the effective noise level for interlace based schemes where the in-band emission issue is more severe.
· For 30 KHz SCS
· Uniform interlace and contiguous mapping schemes offer comparable maximum MCL. 
· Both the non-uniform interlace designs (Alts. 4 and 5) fall short of Alt. 2 by ~ 3dB in terms of MCL.
Based on the above analysis, we propose to enhance legacy NR PRACH structure with contiguous allocation across frequency of “n” preambles to meet 80% OCB requirement, if mandated by regulation. In particular, NR short PRACH sequence (L=139) can be repeatedly mapped across contiguous PRBs, while applying different phase rotations or cyclic shifts on each repetitions to keep the PAPR low.
Proposal-7: Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.
Enhancements to PUCCH resource configuration during initial access 
In NR, PUCCH resource sets before dedicated PUCCH resource configuration used for transmitting 1-bit HARQ-ACK in response to Msg. 4 transmission during initial access are given as follows:
· A PUCCH resource set before dedicated PUCCH resource configuration is provided by higher layer parameter pucch-ResourceCommon in system information block 1 (SIB1) through a 4-bit remaining minimum system information (RMSI) index.
· 4-bit RMSI indicates an entry into a 16-row table (Table 9.2.1-1 of TS 38.213).
· Each row in the table configures a set of 16 cell-specific PUCCH resources.
· A PUCCH resource is indicated by 5 parameters: a PUCCH format, a starting symbol, a duration, a PRB offset and a set of initial cyclic shift (CS) indices.
· Supported PUCCH durations and starting symbols (always aligned with slot boundary):
· Symbol duration 2/4/10/14  starting symbol index #12/#10/#4/#0.
· Supported PUCCH formats: only PUCCH format 0 and PUCCH format 1 (single PRB).
· Supported payload size: 1-bit only.
In NR-unlicensed, transmission of all signals/channels must abide by the regulatory requirements related to occupied channel bandwidth (OCB). Since a single PRB transmission in FR1 cannot meet this requirement, PUCCH resource sets are to be enhanced to support multi-PRB transmission in order to fulfil OCB related regulatory criteria. The following alternatives can be considered for this enhancement:
1. Modify Table 9.2.1-1 of TS 38.213 to use PUCCH formats 2 and 3, which are inherently multi-PRB PUCCH formats and can meet 2 MHz temporal OCB requirement if allowed by regulation.
2. Further enhance Table 9.2.1-1 to support interlace based PUCCH formats 2 and 3 to meet regular 80% OCB requirement.

Proposal-8: To meet OCB requirements for NR-unlicensed operation, enhance PUCCH resource sets before dedicated PUCCH resource configuration (i.e. during initial access) to support interlace based transmission using enhanced PUCCH formats 2 and 3.
Conclusion
In this contribution, we made the following proposals/observations: 
Proposal-1: Consider new SSB patterns at symbols at symbols 2, 3, 4, 5 and 9, 10, 11, 12 (Option-2) 
Proposal-2: Retain single SSB location in frequency with no repetition
Proposal-3: Consider Type-0 PDCCH monitoring position within a slot in symbols 0 and 7. Consider Type 0 PDCCH monitoring to be configurable with 1 slot (same slot as SSB) or 2 consecutive slots (as in Rel-15). \
Observation-4: Whether RMSI rate-matching around SSBs is needed (or can be handled by configuration) depends on the channel and SS raster placement which is currently unknown. Based on our current considerations, RMSI rate-matching around SSB can be beneficial for optimizing RMSI coverage.
Proposal-5: Consider Type B TDRA for RMSI starting at symbols 0, 7 and length 7.
Proposal-6: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Proposal-7: Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.
Proposal-8: To meet OCB requirements for NR-unlicensed operation, enhance PUCCH resource sets before dedicated PUCCH resource configuration (i.e. during initial access) to support interlace based transmission using enhanced PUCCH formats 2 and 3.
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Appendix

Maximum power reduction (MPR) values are determined by 5 different factors, error vector magnitude (EVM) requirements, spectral emission mask (SEM) requirements, in-band emission (IBE) requirements, adjacent channel leakage ratio (ACLR) requirements, and spurious emission requirements. The last requirement, spurious emission, is typically difficult to model in simulations as it can be generated from several factors in the UE, including digital components that may not be part of the RF subsystem but integrated together in the same silicon substrate. 
Procedurally, we can measure the maximum transmission power for a signal under test for a given PA model and then other RF impairments, such as I-Q imbalance, skew, DAC jitter, DAC SINAD, thermal noise, etc, that still meets specific RF requirement. Once the maximum transmit power allowed for each RF requirement is determined, the minimum of the determined maximum transmit power will be the actual maximum transmit power allowed by the signal under test. 
For example, we can measure the EVM as a function of output transmit power as shown in Figure 12. For a given EVM requirement, we can determine the maximum power that still meet the requirement.
[image: ]
Figure 12. Examples of EVM and spectral emission as a function of output power

Similarly, the same could be done for SEM, IBE, and ACLR requirements. For example, as shown in Figure 13, we can measure the ACLR and power spectral density such that it meet SEM and ACLR requirements, respectively.
	[image: ]
	[image: ]

	(a) NR PRACH spectrum centrally located in the BW 
	(b) PRACH spectrum with uniform interlacing mapping


Figure 13. Examples of spectral emission as a function of output power
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