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Introduction 
In this contribution, the following aspects related to the initial access signals/channels are discussed:
DRS design related:
· SSB pattern within a slot
· DRS transmission window configuration
· OCB requirement
· Type-0 PDCCH monitoring
· PDSCH resource allocation in DRS
· Periodic CSI-RS multiplexing
· Paging/OSI and DRS COT
· Channel and SS raster 
PRACH enhancements:
· Frequency domain mapping of PRACH preamble(s)
· Logical index to sequence number mapping for wideband PRACH
· Supported preamble formats and numerology for NR-U PRACH
· Multiplexing of PRACH with other UL signals/channels
· LBT gap requirement between successive RACH occasions (ROs)
DRS
The following agreements were made in RAN1#97
	Conclusion:
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. 
The final LS is approved in R1-1907896 with the main body of the LS changed to the following:
“RAN1 understands RAN4 is discussing the sync raster design for NR-U band in 5GHz with the options of placing the sync raster either in approximately the middle of each 20MHz channel, or at approximately the edge of each 20MHz channel. RAN1 evaluated the impact to RAN1 if either of the options are adopted in RAN4.

From a RAN1 perspective, in unlicensed bands, where the DL initial BWP is nominally 20 MHz, RAN4 decisions on sync raster points have consequences on RAN1 design. RAN1 has discussed these consequences. 
· If a SSB is not close to the edge, the number of RBs available to carry SIB1 would be limited although further enhancement to introduce rate matching around the SSBs to address this limitation are being discussed in RAN1
If a SSB is close to the edge, the number of RBs available to carry SIB1 would be less limited although whether or not further enhancement to introduce rate matching around the SSBs is needed is being discussed in RAN1”


SSB pattern within a slot






Figure 1: Shows Alt-1, Alt-2 and Rel-15 options from RAN1#97

Based on the conclusion from RAN1#97, we can assume that Rel-15 SSB positions and RMSI CORESET positions within a slot are going to be used for NR-U. Consequently for RMSI transmission 0.5 slot shift granularity is not meaningful. This implies that the maximum number of RMSI transmission opportunities is limited to 5 and 10 for 15 kHz and 30 kHz SCS respectively (within a 5ms DRS window). If RMSI transmission is not used a 0.5 slot shift granularity is still feasible for SSB transmissions.
 
Observation-1: According to Rel-15 (assuming no further conclusions), a 0.5 slot shift granularity for RMSI transmission is not meaningful so RMSI transmission opportunities are reduced within a DRS window. For SSB transmissions without RMSI (e.g. NSA case), 0.5 slot shift granularity could be meaningful.

DRS transmission window configuration

A periodicity (in ms) and an offset in terms of a number of half-frames and duration (max 5ms) may be configured similar to Rel-15 SMTC configuration for a DRS window. DRS transmission duration is limited by ETSI-BRAN regulations (see companion tdoc in [6]). A default DRS transmission window periodicity and duration may be specified for initial access.

OCB requirement
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 
In this section we consider Type-0 PDCCH monitoring slots. In Rel-15, the general philosophy for RAN2 has been to provide a large SIB1 payload size to enable lower latency cell access. Note that in Rel-15, Type-0 PDCCH is monitored in 2 consecutive slots for multiplexing pattern 1.
We propose the following design principles for Type-0 PDCCH monitoring slots:
· In Rel-15, Type-0 PDCCH monitoring slots is determined by a UE based on SSB index-i. In NR-U multiple SSB indices will be associated with a single SSB beam-index. Therefore a straightforward mechanism would be describe Type-0 PDCCH monitoring based on SSB beam index-b.
· The periodicity and offset of Type-0 PDCCH monitoring slots can be the same as that of the DRS transmission window that is used by the serving cell.
· The Rel-15 feature of Type-0 PDCCH monitoring of 2 consecutive slots is beneficial for NR-U – for example when Q=1, RMSI transmission can utilize two consecutive slots (duration of 1ms) to transmit SIB1 with a larger MCS. 2 slot PDCCH monitoring is beneficial for transmission of non-RMSI information like paging. 2-slot PDCCH monitoring provides flexibility to the gNB for scheduling RMSI in case it is interrupted by some other transmission like paging
· Support both 1-symbol and 2-symbol CORESET for RMSI transmission for coverage reasons. A simple way to achieve this is to support 1 and 2 search space sets in a slot as in Rel-15 multiplexing pattern 1
· As we indicate in the above, 0.5 slot shift granularity is meaningless for RMSI transmission. Therefore it is sufficient to define PDCCH monitoring slots for Q=2, 4, 6, 8.
As an example we provide the Type-0 PDCCH monitoring slots in the first half-frame for 30 kHz SCS in the following table.
Table 1: PDCCH monitoring slots for 30 kHz SCS
	Parameters
	O set
	M
	N
	monitored slot
	30 kHz slot number (10 slots = 5 ms)

	 
	 
	 
	 
	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSBs: Q=8
	
	
	
	
	0,1
	2,3
	4,5
	6,7
	0,1
	2,3
	4,5
	6,7
	0,1
	2,3

	RMSI Case 2
	0, Q/4, Q/2
	0.5
	2
	1st slot
	0,1
	2,3
	4,5
	6,7
	0,1
	2,3
	4,5
	6,7
	0,1
	2,3

	
	
	
	
	2nd slot
	 
	0,1
	2,3
	4,5
	6,7
	0,1
	2,3
	4,5
	6,7
	0,1

	RMSI Case 1
	0, Q/2
	1
	1
	1st slot
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1

	
	
	
	
	2nd slot
	 
	0
	1
	2
	3
	4
	5
	6
	7
	0

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	SSBs: Q=6
	 
	 
	 
	 
	0,1
	2,3
	4,5
	0,1
	2,3
	4,5
	0,1
	2,3
	4,5
	0,1

	RMSI Case 2
	0, Q/4, Q/2, 3Q/4
	0.5
	2
	1st slot
	0,1
	2,3
	4,5
	0,1
	2,3
	4,5
	0,1
	2,3
	4,5
	0,1

	
	
	
	
	2nd slot
	 
	0,1
	2,3
	4,5
	0,1
	2,3
	4,5
	0,1
	2,3
	4,5

	RMSI Case 1
	0, Q/2
	1
	1
	1st slot
	0
	1
	2
	3
	4
	5
	0
	1
	2
	3

	
	
	
	
	2nd slot
	 
	0
	1
	2
	3
	4
	5
	0
	1
	2

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	SSBs: Q=4
	 
	 
	 
	 
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3

	RMSI Case 2
	0, Q/4, Q/2, 3Q/4, Q
	0.5
	2
	1st slot
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3

	
	
	
	
	2nd slot
	 
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3
	0,1
	2,3
	0,1

	RMSI Case 1
	0, Q/2, Q 
	1
	1
	1st slot
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1

	
	
	
	
	2nd slot
	 
	0
	1
	2
	3
	0
	1
	2
	3
	0

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	SSBs: Q=2
	 
	 
	 
	 
	0,1
	0,1
	0,1
	0,1
	0,1
	0,1
	0,1
	0,1
	0,1
	0,1

	RMSI Case 2
	0, Q/2, Q, 3Q/2, 2Q
	0.5
	2
	1st slot
	0,1
	 
	0,1
	 
	0,1
	 
	0,1
	 
	0,1
	 

	
	
	
	
	2nd slot
	 
	0,1
	 
	0,1
	 
	0,1
	 
	0,1
	 
	0,1

	RMSI Case 1
	0, Q/2, Q, 3Q/2, 2Q
	1
	1
	1st slot
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	
	
	
	
	2nd slot
	 
	0
	1
	0
	1
	0
	1
	0
	1
	0



Proposal-3: Consider the following design principles for Type-0 PDCCH monitoring slot configuration:
- Consider defining Type-0 PDCCH monitoring based on SSB beam index-b instead of SSB index-i 
- Consider Type-0 PDCCH monitoring slots with the same periodicity and offset as the DRS transmission window
- Consider 2 consecutive slot PDCCH monitoring
-Consider both single search space set and 2 search spaces sets per slot configurations

PDSCH resource allocation in DRS




[bookmark: _Ref4768556]Figure 2: 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 (see also section 6).
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.
Proposal-4: Consider RMSI rate-matching around SSBs to allow more flexibility for NR-U channel raster and SS raster design. 
Periodic CSI-RS multiplexing




Figure 3: Two examples of TRS multiplexing within DRS

In the SID phase, CSI-RS has been included as part of DRS transmissions. This is justified because CSI-RS enables the following essential functions – RRM, RLM and QCL/tracking for PDCCH/PDSCH reception. Note that these functions (except RLM) are provided by CRS multiplexed within DRS in LTE-LAA. 
According to Rel-15 NR, periodic CSI-RS configuration is required for RRM, RLM and QCL/tracking purposes. However, periodic CSI-RS multiplexing within DRS is challenging as it severely restricts the DRS transmission opportunities (within a 5ms DRS window). Also, not being able to multiplex a periodic CSI-RS within a DRS would be unfortunate as the scheduler is then unable to take advantage of the LBT relaxations afforded to short control signalling transmissions according to ETSI-BRAN rules. We consider the following possibilities for resolving this issue:

A-CSI-RS transmissions: Configuration of A-CSI-RS to complement P-CSI-RS instances that are not transmitted due to LBT failure. This is already possible for QCL/tracking purposes. Note that according to Rel-15, triggering of A-CSI-RS occurs from uplink DCI format 0_1 which is only monitored in USS and is typically scrambled by C-RNTI. Further, considering that the availability of CORESET symbols is limited in DRS, it is quite inefficient to trigger A-CSI-RS using an uplink DCI format in DRS. Also this solution is ineffective for RRM measurements.
Configure CSI-RS slot with reference to SSB-i: Consider configuring a periodic CSI-RS where the slot offset is defined with respect to an associated SSB-i slot instead of a frame boundary. SSB-i association for periodic CSI-RS is already configurable in Rel-15 (for QCL purposes). With this enhancement, a UE may expect to receive periodic CSI-RS in all the DRS transmission opportunities that is associated with SSB-i. This allows the scheduler to multiplex CSI-RS within DRS with no restrictions on DRS transmission opportunities. This CSI-RS configuration can be used for RRM, RLM and QCL/tracking purposes.
 
Proposal-5: Consider periodic CSI-RS with slot offset defined with respect to an associated SSB

[bookmark: _Ref7782504]Paging/OSI and DRS COT

Note that according to TS 38.331, for SI message acquisition, PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are the same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213. Therefore, we think there is no specification enhancement needed to allow OSI information to be transmitted in DRS.
Similar to OSI, if pagingSearchSpace is set to zero, UE should monitor Type-2 PDCCH in a similar fashion as Type-0 PDCCH. According to TS 38.213, if a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13. In order to determine the number of total paging frames in T and paging frame offset, the procedure can be similar to RMSI multiplexing pattern 2 or 3. For example, according to TS 38.331, if pagingSearchSpace is set to zero and if RMSI multiplexing pattern is 2 or 3, for ssb-periodicityServingCell of 40ms, N can be set to one of {quarterT, oneEighthT, oneSixteenthT}.

Proposal-6: Type - 0A/2 search space monitoring can be enabled within DRS without RAN1 specification changes. Consider sending LS to RAN2 to take this into account.

Channel and SS raster 

Agreements made in RAN1#AH1901 and RAN1#95 (see above) on wideband operation show that for DL, a single BWP that is a multiple of 20 MHz can be activated at a UE and PDSCH transmission may occur on parts or whole of the active BWP. This is, in addition to CA operation comprising of several 20 MHz active BWPs. 
Due to limited flexibility in channel arrangement that is possible in unlicensed band in order to allow coexistence with WiFi and legacy LTE and 20 MHz being the minimum LBT sub-band, it is desirable to define a SS raster for NR-U that is coarser than the NR SS raster (1.44 MHz). This is also beneficial to reduce search complexity at the UE for SA operation.
Based on the above discussion, we think:
· It is desirable that for NR-U a channel raster is defined that supports both CA operation with multiple BWP and wideband operation with single BWP. A clean way to achieve this is to consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid (Figure 6). This allows aggregation of consecutive 20 MHz RF channels to define a single 40 MHz (as an example) BWP for wideband operation. This also allows usage of a single FFT for contiguous CA operation.

· It is desirable to define a sparser SS raster for NR-U due to the limited flexibility in channel placement – for example, a SS reference frequency every 20 MHz may be sufficient to allow both CA and wideband operation.


 
[bookmark: _Ref7795249]Figure 4: PRB grid alignment to allow wideband operation with single BWP

Proposal-7: In terms of channel raster and SS raster:
· Consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid
· Consider SS raster frequencies for NR-U that are sparser than NR (e.g. one every 20 MHz) due to the limited flexibility in channel placement in unlicensed band
Enhancements to PRACH design for NR-unlicensed
In TR38.889 [2], 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-8: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Frequency domain mapping of PRACH preambles
The following agreements were made in the last RAN1 meeting [5] regarding enhanced design for NR-U PRACH:
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.
Based on the above agreement and 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. Single long PRACH sequence: LRA = 571 for 30 KHz SCS, LRA = 1151 for 15 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. Note that, for the contiguous repetition scheme, different pre-determined phase rotations are applied on each of the repeated preambles to keep PAPR low. Also, enhanced PRACH parameters (length or repetition) are chosen such that 80% OCB requirement can be met.
Simulation results for 30 KHz SCS
Figure 5 shows the performance of three different PRACH schemes mentioned in the previous subsection in terms of miss detection probability at 30 KHz sub-carrier spacing for TDL-C channel model with delay scaling = 10 ns and 100 ns respectively. The corresponding false alarm probability plots are included in the appendix for brevity. 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 and the “green” curve represents single long PRACH preamble based on ZC sequence.  The following observations can be made from Figure 5:
· For false alarm probability < 0. 1% (maintained for all the three schemes by choosing PRACH detection threshold accordingly, as can be seen from Fig. 25 in the appendix), the desired miss detection probability of <1% can be achieved at nearly 2 dB lower SNR for single long sequence allocation scheme compared to repeated contiguous allocation scheme with 10 ns delay spread.

· 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 offer better BER performance than 10 ns delay spread case. However, single long sequence scheme still outperforms repeated contiguous allocation scheme by ~1 dB.
[image: ][image: ]
Figure 5:  BER of candidate PRACH waveforms at 30 KHz SCS for TDL-C channel with DS = {10,100} ns

Simulation results for 15 KHz SCS
Figure 6 shows the performance of various PRACH waveforms in terms of miss detection probability for 15 KHz SCS and TDL-C channel model with delay spread {10, 100} ns. The following observations can be made from Figure 6:
· For false alarm probability < 0. 1% (maintained for all the three schemes by choosing PRACH detection threshold accordingly, as can be seen from Fig. 12 in the appendix), the desired miss detection probability of <1% can be achieved at nearly 3 dB lower SNR for single long sequence scheme compared to contiguous allocation scheme with 10 ns delay spread.

· With increase in delay scaling from 10 ns to 100 ns, as expected, contiguous allocation scheme (with n =8 at 15 KHz SCS) would exploit the frequency-diversity benefit the most and offer better BER performance than 10 ns delay spread case. However, single long sequence scheme still outperforms repeated contiguous allocation scheme by ~1.5 dB.

· In general, the performance gap between single long PRACH sequence and contiguous repetition of PRACH sequences is more pronounced at lower SCS (i.e. with longer sequence length and more number of repetitions), although the relative trend between the BER curves of these two schemes are SCS agnostic (i.e. similar, irrespective of SCS).
[image: ][image: ]
Figure 6:  BER of candidate PRACH waveforms at 15 KHz SCS for TDL-C channel with DS = {10,100} ns
Performance metric
Figure 7 shows the CCDF of cubic metric (CM) for all the three PRACH waveforms, for which BER performance is evaluated in the previous subsection. 95th percentiles of CM (defined as the CM threshold that 95% of all 138/571/1151 PRACH preamble root sequences of a particular PRACH design fall below respectively) derived from Figure 7 are tabulated below:
Table 2: 95th percentile CM of different candidate PRACH designs
	Design
	95th percentile CM [dB]

	
	SCS = 30 KHz
	SCS = 15 KHz

	NR-PRACH
	2.3
	2.3

	Contiguous
	2.5
	2.6

	Single long sequence 
	2.3
	2.3
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Figure 7: Complementary CDF (CCDF) over the 138/571/1151 preamble sequences of Cubic metric (CM)
As per the agreed performance metric reporting in RAN1 meeting in the past [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 three schemes evaluated are referred to as Alt. 1 to Alt. 3, where, Alt. 1: NR-PRACH; Alt. 2: contiguous repetition and Alt. 3: single long sequence respectively.
Table 3: Performance metric of different candidate PRACH designs for SCS = 30 KHz
	Parameter
	Value
	Notes

	Scheme
	Alt. 1
	Alt. 2
	Alt. 3
	Eg. Alt2-ZC139x4

	SCS
	30
	15KHz or 30KHz

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

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

	N_cs

	Depends on environment/network configuration
	Eg. 11

	# of RBs used for one RO (N_RB)
	1
	47
	48
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

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

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

	SNR (dB)
	DS=10ns
	-2.08
	-6.61
	-8.73
	SNR needed at 1% misdetection, read from simulation curve

	
	DS=100ns
	-3.13
	-9.56
	-10.77
	

	P_max (dBm)
	16.20
	22.22
	22.33
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	2.3
	2.5
	2.3
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. 

	P_TX (dBm)
	16.20
	20.5
	20.7
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	DS=10ns
	121.08
	123.91
	126.13
	MCL = P_TX-SNR-Np

	
	DS=100ns
	122.13
	126.86
	128.17
	

	N_FDM
	4
	1
	1
	# of ROs in 20MHz

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


Table 4: Performance metric of different candidate PRACH designs for SCS = 15 KHz
	Parameter
	Value
	Notes

	Scheme
	Alt. 1
	Alt. 2
	Alt. 3
	Eg. Alt2-ZC139x8

	SCS
	15
	15KHz or 30KHz

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

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

	N_cs

	Depends on environment/network configuration
	Eg. 11

	# of RBs used for one RO (N_RB)
	1
	93
	96
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	2.08
	16.68
	17.26
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-105.8
	-96.8
	-96.6
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF= 5dB

	SNR (dB)
	DS=10ns
	-3.51
	-6.48
	-9.17
	SNR needed at 1% misdetection, read from simulation curve

	
	DS=100ns
	-3.41
	-9.68
	-11.43
	

	P_max (dBm)
	13.18
	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)
	2.3
	2.6
	2.3
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. 

	P_TX (dBm)
	13.18
	20.4
	20.7
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	DS=10ns
	122.49
	123.68
	126.47
	MCL = P_TX-SNR-Np

	
	DS=100ns
	122.39
	126.88
	128.73
	

	N_FDM
	8
	1
	1
	# of ROs in 20MHz

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


From Tables 3 and 4, it can be observed that Alt. 3 (single long PRACH sequence) may potentially offer 2~3 dB MCL gain over Alt. 2 (contiguous repetition of NR PRACH sequence of length 139). Therefore, we prefer adoption of single long PRACH sequence for wideband PRACH in NR-unlicensed.
Proposal-9: In addition to the Rel-15 design for NR short PRACH (sequence length of 139), support enhanced design of NR-U PRACH by adopting single long ZC sequence of the following lengths:
· 15 KHz: LRA = 1151
· 30 KHz: LRA = 571
Logical index to sequence number mapping for wideband PRACH
For Rel-15 NR short preamble (of length 139), sequence numbers (u) are mapped to logical indices (i) following a systematic mapping pattern as shown in the following table (Table 6.3.3.1-4 from 3GPP TS38.211 v15.5.0):



Table 5: 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

	20 – 39
	11
	128
	12
	127
	13
	126
	14
	125
	15
	124
	16
	123
	17
	122
	18
	121
	19
	120
	20
	119

	40 – 59
	21
	118
	22
	117
	23
	116
	24
	115
	25
	114
	26
	113
	27
	112
	28
	111
	29
	110
	30
	109

	60 – 79
	31
	108
	32
	107
	33
	106
	34
	105
	35
	104
	36
	103
	37
	102
	38
	101
	39
	100
	40
	99

	80 – 99
	41
	98
	42
	97
	43
	96
	44
	95
	45
	94
	46
	93
	47
	92
	48
	91
	49
	90
	50
	89

	100 – 119
	51
	88
	52
	87
	53
	86
	54
	85
	55
	84
	56
	83
	57
	82
	58
	81
	59
	80
	60
	79

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

	138 – 837
	N/A
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Figure 8: Cubic metric (CM) profile for physical index and logical index with LRA = {139, 571 and 1151}
The resulting cubic metric profile of logical index is approximately ascending in slope, while the change between CMs of adjacent logical indices is more or less smooth. Since wideband PRACH design can potentially be of similar sequence type (i.e. ZC sequence) and of longer length, similar logical index to sequence number mapping rule can be used for wideband PRACH with LRA= {571, 1151} as well. The CM envelope of the newly proposed sequences are shown in the Fig. 8, along with the corresponding CM profile of Rel-15 NR short PRACH sequence of length 139.
Since logical indices towards higher end of the range result in high CM value, which in turn restricts the PA efficiency by increasing PA backoff, the logical index range of long PRACH sequences (LRA >139) can further be restricted such that the high CM root indices are excluded from the set of permissible logical indices. Fig. 9 illustrates the resulting range of logical indices for LRA =571, 1151 with root index CM being upper bounded by CMmax =1.2 dB (similar to the definition of CM threshold used in Rel-15 NR long PRACH with L = 839). In general, if the range of logical index is restricted to half of the total available range of logical indices for LRA > 139, the resulting CM is bounded below 1.0 dB. 
[image: ]
Figure 9: CM profile for logical index to sequence number mapping with CMmax = 1.2 dB

Proposal-10: Support similar mapping rule as for Rel-15 NR short PRACH (sequence length of 139) to map logical index to sequence number (or root index) for NR-U PRACH with longer sequence lengths.
· Use a subset of logical indices to restrict high cubic metric root indices
Supported preamble formats and numerology for NR-U PRACH
In NR, random access preambles can have two different lengths: viz. LRA = 839 (long PRACH) and LRA=139 (short PRACH). While long PRACH formats (0/1/2/3) are used for smaller SCS (1.25 KHz and 5 KHz), short PRACH formats (A/B/C) are meant for larger SCS (15,30 KHz in FR1 and 60, 120 KHz in FR2).  Since NR-unlicensed is targeted to support SCS  15 KHz for PRACH, Rel-15 short PRACH sequence formats are more suitable for unlicensed operation.
Among the three formats (and few of their combinations) supported in NR for short PRACH, formats A and B are targeted for small to medium cell coverage, while format C is meant for larger cell coverage. Since target use case scenarios for NR-U are mainly limited to small~ medium cell coverage, support of format C is not necessary for NR-unlicensed deployment. However, to exclude any existing PRACH format, scheduler can accordingly configure appropriate configurationIndex (which selects one of the 256 rows from configuration index table) to the UE and there is no need to modify the number of rows of Rel-15 NR PRACH configuration index table.
Proposal-11: Support at least preamble formats A and B for PRACH in NR-unlicensed.
· Keep the number of rows in Rel-15 NR configuration index tables unchanged. 

Observation-12: Exclusion of certain preamble format(s) can be enabled by proper configuration of configurationIndex by the scheduler, without changing the existing Rel-15 NR PRACH configuration index table.

Proposal-13: Do not support 60 KHz SCS for NR-U PRACH in FR.
Multiplexing of PRACH with other UL signals/channels
Depending on regulatory requirement, transmission of PRACH preamble in unlicensed spectrum may be mandated to occupy 80% OCB (e.g. when PRACH is transmitted within UE acquired COT). In that case, enhanced NR-PRACH design would occupy contiguous PRBs across frequency domain spanning over at least 80% of initial active UL BWP. Since other UL signals/channels in NR-U are primarily based on interlace based transmission (e.g. PUCCH/PUSCH), multiplexing different UEs transmitting PRACH and PUSCH/PUCCH within the same slot can be most efficiently supported by TDM manner.
In certain scenarios (e.g. when PRACH is transmitted within a gNB shared COT), PRACH can be temporarily allowed by regulation to occupy less than 80% channel bandwidth, with minimum 2 MHz OCB. In that case, Rel-15 NR PRACH with sequence length 139 can be used for PRACH transmission over unlicensed spectrum without any further frequency domain resource allocation enhancement. In that case, PRACH from one UE can be FDM’d with interlaced PUSCH/PUCCH transmission from other UE(s) within the same slot. The UEs scheduled with interlaced transmission would puncture their transmission on the REs that overlap with resources allocated to PRACH of other UEs.
Proposal-14: Support only TDM between PRACH and other UL signals/channels at least for PRACH transmission within UE acquired COT.
Observation-15: If PRACH is transmitted within gNB shared COT, where 2 MHZ temporal OCB is allowed by regulation, FDM between short PRACH (L=139) and other UL signals/channels can be supported. 
· The UEs scheduled with interlaced transmission would puncture their transmission on the REs that overlap with resources allocated to PRACH of other UEs.
LBT gap requirement between successive NR RACH occasions (ROs) 
In NR Rel-15 RO configuration (which can be derived from PRACH configuration table based on higher layer parameter prach-ConfigurationIndex), back-to-back ROs can be configured without any gap between successive PRACH transmissions, if adjacent ROs are used. In unlicensed domain, due to LBT requirement before preamble transmission, a UE configured with RO(i) may get blocked by another UE’s preamble transmission in RO(i-1) if the Rel-15 RO configuration is used. In order to alleviate this potential blockage, insertion of additional time gap before ROs would be beneficial for NR-unlicensed operation.

LBT gap before ROs can be created in a number of ways:

Option -1 

A scaling factor and/or offset can be configured by higher layers as a part of PRACH configuration to indicate a subset of ROs within a RACH slot that will be ‘deactivated’. While the scaling factor can indicate what fraction of the existing ROs indicated by prach-ConfigurationIndex will be deactivated and the offset will indicate the starting RO that will be ‘deactivated’ first in a RACH slot. For example, PRCH format A1 can have 6 ROs within a RACH slot. With scaling factor = 1/2  and offset = 1, ROs #1, #3 and #5 will be deactivated, as shown in Fig. 10.




Figure 10. Time gap between successive ROs (odd indexed ROs are deactivated within a slot)


Option -2

An offset (e.g.  symbols) can be configured by higher layers as a part of PRACH configuration to indicate the time gap between successive ROs and RO() will be shifted by x symbols within a RACH slot (, where the first RO within a RACH slot is indexed as RO(0)). An example of shifted RO is illustrated in Fig. 11 for PRACH preamble format A1 with 6 ROs in a RACH slot and configured offset  symbol.



Figure 11. Time gap between successive ROs (ROs shifted by a fixed offset)

Proposal-16: Introduce LBT gap between neighbouring ROs within a RACH slot to avoid blocking of one UE by RACH transmission of another UE in the previous RO.

[bookmark: _GoBack]Conclusions
In this contribution, we made the following proposals/observations: 
Observation-1: According to Rel-15 (assuming no further conclusions), a 0.5 slot shift granularity for RMSI transmission is not meaningful so RMSI transmission opportunities are reduced within a DRS window. For SSB transmissions without RMSI (e.g. NSA case), 0.5 slot shift granularity could be meaningful.
Proposal-2: From initial access point of view it is pre-mature to introduce multiple SSB locations in frequency with repetition
Proposal-3: Consider the following design principles for Type-0 PDCCH monitoring slot configuration:
· Consider defining Type-0 PDCCH monitoring based on SSB beam index-b instead of SSB index-i
· Consider Type-0 PDCCH monitoring slots with the same periodicity and offset as the DRS transmission window
· Consider 2 consecutive slot PDCCH monitoring
· Consider both single search space set and 2 search spaces sets per slot configurations
Proposal-4: Consider RMSI rate-matching around SSBs to allow more flexibility for NR-U channel raster and SS raster design. 
Proposal-5: Consider periodic CSI-RS with slot offset defined with respect to an associated SSB
Proposal-6: Type - 0A/2 search space monitoring can be enabled within DRS without RAN1 specification changes. Consider sending LS to RAN2 to take this into account.
Proposal-7: In terms of channel raster and SS raster:
· Consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid
· Consider SS raster frequencies for NR-U that are sparser than NR (e.g. one every 20 MHz) due to the limited flexibility in channel placement in unlicensed band
Proposal-8: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Proposal-9: In addition to the Rel-15 design for NR short PRACH (sequence length of 139), support enhanced design of NR-U PRACH by adopting single long ZC sequence of the following lengths:
· 15 KHz: LRA = 1151
· 30 KHz: LRA = 571.
Proposal-10: Support similar mapping rule as for Rel-15 NR short PRACH (sequence length of 139) to map logical index to sequence number (or root index) for NR-U PRACH with longer sequence lengths.
· Use a subset of logical indices to restrict high cubic metric root indices.
Proposal-11: Support at least preamble formats A and B for PRACH in NR-unlicensed.
· Keep the number of rows in Rel-15 NR configuration index tables unchanged.
Observation-12: Exclusion of certain preamble format(s) can be enabled by proper configuration of configurationIndex by the scheduler, without changing the existing Rel-15 NR PRACH configuration index table.

Proposal-13: Do not support 60 KHz SCS for NR-U PRACH in FR1.

Proposal-14: Support only TDM between PRACH and other UL signals/channels at least for PRACH transmission within UE acquired COT.

Observation-15: If PRACH is transmitted within gNB shared COT, where 2 MHZ temporal OCB is allowed by regulation, FDM between short PRACH (L=139) and other UL signals/channels can be supported. 
· The UEs scheduled with interlaced transmission would puncture their transmission on the REs that overlap with resources allocated to PRACH of other UEs.
Proposal-15: Introduce LBT gap between neighbouring ROs within a RACH slot to avoid blocking of one UE by RACH transmission of another UE in the previous RO.
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Figure 12:  False alarm rate of candidate PRACH waveforms at {15, 30} KHz SCS for TDL-C (10ns) channel model


image1.emf
48 

PRBs

Alt-1: SSBs @ (2,3,4,5) and 

(8,9,10,11)

51 

PRBs

CORESET#0

Alt-2: SSBs @ (2,3,4,5) and 

(9,10,11,12)

Rel-15: SSBs @ (2,3,4,5) 

and (8,9,10,11)


Microsoft_Visio_Drawing1.vsdx
48 PRBs
Alt-1: SSBs @ (2,3,4,5) and (8,9,10,11)
51 PRBs
CORESET#0
Alt-2: SSBs @ (2,3,4,5) and (9,10,11,12)
Rel-15: SSBs @ (2,3,4,5) and (8,9,10,11)



image2.emf
 channel spacing 

~ 20 MHz  = k*30kHz

 channel BW = 20 MHz

 SS raster 

= n*1.44 MHz

BWP BWP


Microsoft_Visio_Drawing2.vsdx
channel spacing 
~ 20 MHz  = k*30kHz
channel BW = 20 MHz
SS raster 
= n*1.44 MHz
BWP
BWP



image3.emf
51 

PRBs

SSB

TRS

TRS TRS TRS

CORESET

51 

PRBs


Microsoft_Visio_Drawing3.vsdx
51 PRBs
SSB
TRS
TRS
TRS
TRS
CORESET
51 PRBs



image4.emf
 Channel BW = 20 MHz

Tx Bandwidth Configuration N

RB

PRB 

0

SS Block

Guardband

... ...

PRB 

0

SS Block

... ...

 Channel Raster = M*15 kHz

SS Raster = N*1.44 MHz

Tx Bandwidth Configuration N

RB

For PRB grid alignment, PRB distance between CC 

need to be integer multiple of 12*SCS [kHz]

Channel Spacing approx. 20MHz


Microsoft_Visio_Drawing4.vsdx
Channel BW = 20 MHz
Tx Bandwidth Configuration NRB
PRB 0
SS Block
Guardband
...
...
PRB 0
SS Block
...
...
Channel Raster = M*15 kHz
SS Raster = N*1.44 MHz
Tx Bandwidth Configuration NRB
For PRB grid alignment, PRB distance between CC need to be integer multiple of 12*SCS [kHz]
Channel Spacing approx. 20MHz



image5.emf
-12 -10 -8 -6 -4 -2 0 2 4

SNR [dB]

10

-3

10

-2

10

-1

10

0

M

i

s

s

-

d

e

t

e

c

t

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

30 KHz, TDL-C (10 nS), 3km/h, 1x2

NR-PRACH (L=139)

Contiguous (4 repetitions)

Long PRACH (L=571)


image6.emf
-12 -10 -8 -6 -4 -2 0 2 4

SNR [dB]

10

-3

10

-2

10

-1

10

0

M

i

s

s

 

d

e

t

e

c

t

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

30 KHz, TDL-C (100 nS), 3km/h, 1x2

NR-PRACH (L=139)

Contiguous (4 repetitions)

Long PRACH (L=571)


image7.emf
-12 -10 -8 -6 -4 -2 0 2 4

SNR [dB]

10

-3

10

-2

10

-1

10

0

M

i

s

s

 

d

e

t

e

c

t

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

15 KHz, TDL-C (10 nS), 3km/h, 1x2

NR-PRACH

Contiguous (8 repetitions)

Long PRACH (L=1151)


image8.emf
-12 -10 -8 -6 -4 -2 0 2 4

SNR [dB]

10

-3

10

-2

10

-1

10

0

M

i

s

s

 

d

e

t

e

c

t

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

15 KHz, TDL-C (100 nS), 3km/h, 1x2

NR-PRACH

Contiguous

Long PRACH seq. (L=1151)


image9.emf
-1 -0.5 0 0.5 1 1.5 2 2.5 3

[dB]

10

-2

10

-1

10

0

C

C

D

F

 

o

v

e

r

 

1

3

8

/

5

7

1

 

s

e

q

u

e

n

c

e

s

Cubic Metric (CM) at SCS = 30 KHz

NR-PRACH (L=139)

Long sequence PRACH (L=571)

Contiguous mapping (4 repetitions)


image10.emf
-1 -0.5 0 0.5 1 1.5 2 2.5 3

[dB]

10

-2

10

-1

10

0

C

C

D

F

 

o

v

e

r

 

1

3

8

/

1

1

5

1

 

s

e

q

u

e

n

c

e

s

Cubic Metric (CM) at SCS = 15 KHz

NR-PRACH (L=139)

Long sequence PRACH (L=1151)

Contiguous mapping (8 repetitions)


image11.wmf
i


oleObject1.bin

image12.wmf
u


oleObject2.bin

image13.wmf
139

RA

=

L


oleObject3.bin

image14.wmf
i


oleObject4.bin

image15.wmf
u


oleObject5.bin

oleObject6.bin

image16.emf
0 20 40 60 80 100 120 140

Root index

-1

0

1

2

3

C

M

 

(

d

B

)

NR short PRACH L = 139, @F

SCS

 = 30 KHz

Physical index

Logical index

0 100 200 300 400 500 600

Root index

-1

0

1

2

3

C

M

 

(

d

B

)

NR-U candidate long PRACH L = 571, @F

SCS

 = 30 KHz

Physical index

Logical index


image17.emf
0 20 40 60 80 100 120 140

Root index

-1

0

1

2

3

C

M

 

(

d

B

)

NR short PRACH L = 139, @F

SCS

 = 15 KHz

Physical index

Logical index

0 200 400 600 800 1000 1200

Root index

-1

0

1

2

3

C

M

 

(

d

B

)

NR-U candidate long PRACH L = 1151, @F

SCS

 = 15 KHz

Physical index

Logical index


image18.emf
0 200 400 600 800 1000 1200

Root index

-1

0

1

2

3

C

M

 

(

d

B

)

NR-U candidate long PRACH L = 1151, @F

SCS

 = 15 KHz

Physical index

Logical index

0 100 200 300 400 500 600

Root index

-1

0

1

2

3

C

M

 

(

d

B

)

NR-U candidate long PRACH L = 571, @F

SCS

 = 30 KHz

Physical index

Logical index

X: 310

Y: 1.179

X: 626

Y: 1.187


image19.emf
RO(1) RO(2) RO(3) RO(4) RO(5) RO(6)



  RO(2)



  RO(4)



  RO(6)

Time gap

RACH slot

6 consecutive ROs without any 

time gap in between

3 non- consecutive ROs with 

time gap before successive ROs 



  Deactivated RO

Available ROs

1 symbol


Microsoft_Visio_Drawing5.vsdx
RO(1)
RO(2)
RO(3)
RO(4)
RO(5)
RO(6)
ý
RO(2)
ý
RO(4)
ý
RO(6)
Time gap
RACH slot
6 consecutive ROs without any time gap in between
3 non- consecutive ROs with time gap before successive ROs
ý
Deactivated RO
Available ROs
1 symbol



image20.emf
RO(0) RO(1) RO(2) RO(3) RO(4) RO(5)

RO(0) RO(1) RO(2) RO(3)

Time gap

RACH slot

6 consecutive ROs without any 

time gap in between

shifted ROs with time gap 

in between successive ROs 

1 symbol

 

 



  Invalid RO

Available ROs


Microsoft_Visio_Drawing6.vsdx
RO(0)
RO(1)
RO(2)
RO(3)
RO(4)
RO(5)
RO(0)
RO(1)
RO(2)
RO(3)
Time gap
RACH slot
6 consecutive ROs without any time gap in between
shifted ROs with time gap in between successive ROs
1 symbol
ý
ý
ý
Invalid RO
Available ROs



image21.emf
-12 -10 -8 -6 -4 -2 0 2 4

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

F

a

l

s

e

 

a

l

a

r

m

 

p

r

o

b

a

b

i

l

i

t

y

30 KHz, TDL-C(10 nS), 3km/h, 1x2

NR-PRACH

Contiguous (4 repetitions)

Long PRACH (L=571)


image22.emf
-12 -10 -8 -6 -4 -2 0 2 4

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

F

a

l

s

e

 

a

l

a

r

m

 

p

r

o

b

a

b

i

l

i

t

y

15 KHz, TDL-C(10 nS), 3km/h, 1x2

NR-PRACH

Contiguous (8 repetitions)

LOng PRACH (L=1151)


