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Introduction
In RAN1#93-95 meeting[1-3], several agreements on initial access signals/channels for NR-U have been made as below.
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access
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. 
This contribution will further discuss the initial access signals/channels and focus on the SS raster, DRS and PRACH design 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 already 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 shall 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 #95meeting, pattern1(TDM pattern) is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
However, some descriptions for the NR-U DRS are still not clear. Based on the agreements, SSB and the associated RMSI CORESET shall be restricted within a NR-U DRS in multiplexing pattern1. Thus, one way is to transmit/receive a SSB first and then calculate the position of RMSI CORESET and transmit/receive the associated PDCCH within the CORESET. This way is similar as that for SSB/CORESET multiplexing pattern 1 already defined in NR Rel-15 and two separate beam-sweepings are needed for the SSB and the PDCCH transmission respectively, as shown in Fig.1. Another way is to treat a SSB and the associated PDCCH for RMSI as a unit and transmit it within one beam-sweeping, as shown in Fig 2. For these 2 options, to avoid unnecessary beam sweeping and LBT procedure in NR-U, option2, i.e. a single round of beam sweeping for SSB and RMSI CORESET, shall be supported and discussed as a baseline.



Figure 1: Two separate rounds of beam sweeping for the SSB and the PDCCH transmission



Figure 2: A single round of beam sweeping for the SSB and the PDCCH transmission
For the relationship between the SSB and the RMSI CORESET, the design in NR should be discussed firstly. 

[image: 图片2]
Figure 3:  SSB pattern in NR

In NR, several SSB patterns have be define as below and shown in Fig.3. 
-	Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of . 

-	Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes . 

-	Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes . 

-	Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes . 

-	Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes . 








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 designs 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 shall 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, the design of SSB pattern within a slot shall be reconsidered. A simple solution may be shift the second SSB position defined in NR as shown in Fig4. 

[image: 绘图05]
Figure 4:  An example of the SSB pattern in NRU
Proposal 2: 	The SSB pattern within a slot shall be reconsidered, e.g. shifting the second SSB position defined in NR to support 2 symbol RMSI CORESET in NR-U.

2.3 PRACH 
NR PRACH supports multiple preamble formats with long/short sequences and different restricted types for different scenarios. For NR-U, suitable PRACH preamble formats should be considered as well. The designs in NR can be taken as the baseline for NR-U and modifications can be studied to suit the unsilenced scenarios.
For the PRACH structure, interlaced format is beneficial to fulfill the OCB requirement. But, considering the TA issue, whether accurate timing can be estimated by the interlaced waveform shall be considered, and more related issues shall be further studied in unlicensed bands. For the non-interlace PRACH structure, two options can be considered as below.
1. A temporal allowance of not meeting the OCB requirement which is defined in the regulation can be used here, if the minimum bandwidth requirement is satisfied, e.g., 2 MHz. This rule could be used for PRACH transmission with continuous sequence mapping. 
2. Legacy continuous PRACH sequence can be repeated in the frequency domain.
Proposal 3: 	NR PRACH design with continuous preamble sequence shall be reused in NR-U. 

3 Conclusions
In this contribution, considerations on SS raster, DRS and PRACH for NR-U discussed. The following proposals are made.
Proposal 1: 	SS raster design for unlicensed bands should be reconsidered and RAN1 should give some background information and requirements to RAN4.
Proposal 2: 	The SSB pattern within a slot shall be reconsidered, e.g. shifting the second SSB position defined in NR to support 2 symbol RMSI CORESET in NR-U.
[bookmark: _GoBack]Proposal 3: 	NR PRACH design with continuous preamble sequence shall be reused in NR-U. 
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