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Introduction
In RAN1#94, #95 and RAN1 #AH1901 meetings[1-3], several agreements on initial access signals/channels for NR-U have been made as below.
Agreement:
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
Agreement:
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)

This contribution will further discuss the initial access signals/channels and focus on the SS raster, the DRS design and PRACH in NR-U.
Discussion
2.1 SS raster
The synchronization raster (SS raster) indicates the frequency positions of the SS/PBCH block that can be used by a UE for system acquisition. In Rel-15, considering the tradeoff between the complexity of cell search and the flexibility of cell deployment, granularities of SS raster are 1.2MHz and 1.44MHz for 0-3GHz and 3-24.25GHz respectively. In unlicensed bands, nominal channels with 20MHz bandwidth are predefined and only these nominal channels can be used to set up cells, i.e., the flexibility of cell deployment is restricted due to the granularity of available channels. Based on the restriction, unlicensed bands do not need too much SS rasters within a nominal channel. Thus, the design of SS raster for licensed bands should be reconsidered in NR-U and should try to make the SS raster for unlicensed bands sparser compared to that for licensed bands[4]. 
Besides, the design of SS raster may also affect other issues in NR-U, such as the DRS design within an initial BWP. So it is better to conduct related works as soon as possible. As a start point, RAN 1 should give some background information and requirements to RAN4.
Proposal 1: 	SS raster redesign for unlicensed bands should be reconsidered and RAN1 should give some background information and requirements to RAN4.
2.2 NR-U DRS 
In RAN1#94 meeting, it has been agreed that inclusion of the RMSI in addition to the SSB in one NR-U DRS can be beneficial. In RAN1#95 meeting, Pattern1(TDM pattern) is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U. In RAN1#AH1901 meeting, patterns for SSB and RMSI in NR-U have been further discussed and the designs in NR (SSB pattern  C and RMSI pattern1 ) are baselines for the discussion.
In NR, SSB pattern C is defined as the first symbols of the candidate SS/PBCH blocks have indexes {2,8}+14*n and shown in Fig.1. 


Figure 1:  SSB pattern C in NR






For the SSB and CORESET multiplexing pattern 1, for SSB with index , the UE determines an index of slot  as .  and  are provided by TS 38.213 Tables 13-11 and 13-12. The index for the first symbol of the control resource set in slot  is the first symbol index provided by Tables 13-11 and 13-12.
After analyzing the patterns for SSB and RMSI CORESET in NR, it seems so hard to directly reuse current patterns to satisfy the needs for NR-U DRS design. For example, in FR1 if two SSBs are transmitted within a slot, the first SSB starts at the 3rd symbol and the second SSB starts at the 9th symbol. Accordingly, two associated RMSI CORESETs should be transmitted within the same slot, the first RMSI CORESET can be configured to start from the 1st symbol and the second RMSI CORESET can be configured to start from the 8th symbol. If so, only 1 symbol RMSI CORESET can be supported and that will be too restricted in NR-U.
To handle this issue and to support at least 2 symbols RMSI CORESET, two options can be considered in NR-U.
Option 1 - the design of SSB pattern within a slot should be considered. For example, the second SSB position defined in NR can be shifted as shown in Fig.2(a), or both the two SSB positions defined in NR can be shifted as shown in Fig.2(b).
Option 2 - the design of RMSI CORESET pattern within a slot should be considered. For example, the RMSI CORESET associated with the second SSB within a slot can be configured at symbol #6.
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Figure 2:  An example of the SSB pattern in NR-U

Proposal 2: 	The SSB pattern and/or the RMSI CORESET pattern within a slot should be reconsidered to support at least 2 symbols RMSI CORESET in NR-U.

2.3 PRACH  
NR PRACH supports multiple preamble formats with long/short sequences, and unrestricted/restricted type A/restricted type B for different scenarios. For NR unlicensed, suitable PRACH preamble formats should be studied and selected from licensed PRACH formats, and be taken as the baseline formats for NR-U operation. 
In RAN1 Ad-Hoc Meeting 1901, simulation assumptions were achieved for PRACH evaluation, as attached in Appendix. Here we evaluate the performance of legacy PRACH based on the agreements. The detailed simulation assumptions can be found in Table 1 in Appendix.  Fig.3 and Fig.4 show the mis-detection probability, false alarm probability and CDF of timing estimation error for 15kHz SCS and 30kHz SCS respectively. The CDF of timing estimation error is collected at -8dB SNR. 
In the evaluation, the missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected but with timing error greater than the maximum value, and the total number of transmitted preambles within an observation interval. The false alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences.
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Figure 3:  PRACH evaluation for 15kHz
[image: ][image: ]
Figure 4:  PRACH evaluation for 30kHz
From the simulation results, it is observed that the target SNR for 15kHz and 30kHz are -7dB to fulfill the requirements of 1% maximum mis-detection probability, 0.1% maximum false alarm probability and maximum timing estimation error being 50% of the normal CP length.
Note that in the evaluation, the PSD limitation is not considered. However, this performance can also be achieved if the transmission of the Rel-15 PRACH ZC sequence are repetitive in frequency domain. Rel-15 PRACH ZC sequence and contiguous mapping can be considered as a candidate for NR-U.
Proposal 3: 	Reuse Rel-15 PRACH ZC sequence and contiguous mapping can be considered for NR-U.

3 Conclusions
In this contribution, considerations on the SS raster, the DRS design and PRACH for NR-U are discussed. The following proposals are made.
[bookmark: _GoBack]Proposal 1: 	SS raster redesign for unlicensed bands should be reconsidered and RAN1 should give some background information and requirements to RAN4.
Proposal 2: 	The SSB pattern and/or the RMSI CORESET pattern within a slot should be reconsidered to support at least 2 symbols RMSI CORESET in NR-U.
Proposal 3: 	Reuse Rel-15 PRACH ZC sequence and contiguous mapping can be considered for NR-U.
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Appendix
In RAN1 Ad-Hoc Meeting 1901, the following simulation assumptions were achieved for PRACH evaluation. 
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




Table 1 is used for PRACH evaluation.
Table 1: Simulation assumptions for PRACH evaluation
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	100 ns

	Antenna configuration at BS(1)
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]

	PRACH format
	A1 

	Subcarrier spacing
	15/30 kHz

	PRACH sequence and frequency resource allocation 
	Rel-15 PRACH ZC sequence and contiguous mapping

	Total number of preambles per cell
	64, each company should provide details on how these 64 preambles are generated.
For 15kHz, Ncs = 8, 4 root sequences are used to generate 64 preambles with the first root sequence corresponding to logical sequence index 0.
For 30kHz, Ncs = 17, 8 sequences are used to generate 64 preambles with the first root sequence corresponding to logical sequence index 0.

	Preamble detector
	Each company should provide details on used algorithm.
Cross-correlation detection in frequency domain and energy detection in time domain. A preamble for one search window is taken as detected if the maximum energy of the samples in the search window is higher than a predefined threshold, and timing for this preamble is estimated based on the position of sample with the maximum energy value. 

	Interference assumption
	No interference. 

	Detection Criteria
	1% maximum mis-detection probability(2)

	
	0.1% maximum false alarm probability(3)

	
	maximum timing estimation error being 50% of the normal CP length

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR

	
	False alarm probability vs. SNR(4)

	
	CDF of timing estimation error

	
	PRACH capacity (maximum number of preambles)

	
	Peak-to-average power ratio and cubic metric

	
	MCL(5)
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