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Introduction
In RAN1 #97 meeting, several agreements were approved for NR-U initial access as in [1]:
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. 

In RAN #84 meeting, the guidance on essential functionality for NR-U was endorsed, in which the following was listed as essential and optimizations [2]
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)
· Also impact default PDSCH SLIV table configuration
· RMSI (PLMN) transmission in Scell
Optimizations
· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs
In this contribution, based on the above agreement and guidance, several details on NR-U initial access signals/channels design under regulation of unsilenced are discussed.
DRS design
1 
2 
[bookmark: _Hlk12284825]SS/PBCH block and Type0-PDCCH monitoring in time domain
In RAN1#97, due to no consensus on both options of SSB symbol allocation, release 15 NR  structure will be reused so that there would be only one LBT opportunity per slot for NR-U DRS. According to the SSB and PDCCH#0 with related PDSCH configuration, the gNB can only transmit the DRS using Cat 4 LBT if the number of SSB is four, which would loss the benefit of Cat 2 LBT for DRS, because the DRS duration with 4 SSBs is longer than 1ms. Consequently, in the agreed 5ms DRS window, the SSB transmitting opportunities would be less and the performance is degraded.







However, when we look through the configuration for type0-PDCCH monitoring, there is one case as the picture below, in which each SSB (30kHz SCS) share the two CORESET#0 (30kHz SCS) search space in two adjacent slots for the first two symbols of each slot. Because for the SSB and CORESET multiplexing pattern 1, it could be very flexible configured as described in the section 13 and annex of 38.213. As 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. In this case, M=1/2,=0 and there are two search space sets per slot configured.
                                              
[image: ]

Figure 1: Example of 4 SSBs DRS configuration for Cat 2 LBT with 30k SCS.
[bookmark: _GoBack]As agreed in the NR-U channel access section, when the DRS duty cycle ≤ 1/20, and the total transmission duration is up to 1 ms:25 µs Cat 2 LBT is used. In order to utilize the benefit of the Cat2 LBT for DRS transmission, the gNB can transmit SSBs with 30k SCS in one 1ms duration. In that case, some specification modification may be introduced. As the picture above, for the Type0-PDCCH monitoring, a restriction that UE may assume monitoring only within 1ms could be added to the above configuration, in that case one symbol CORESET#0 configuration is possible for the SSBs in one DRS COT to avoid another LBT. In addition, to support such configuration, the impact on default PDSCH SLIV table should be considered for SSB1 and SSB3. Additional typeB should applied for PDSCH time domain resource allocation.
Proposal 1:  Cat2 LBT for DRS transmission in one COT should be supported with some specification modification.

[bookmark: _Hlk1047465]RMSI PDSCH to SSB rate matching 
In NR, for initial access, PDSCH allocations for Type-0 PDCCH rate-match around SSBs is not allowed. However, in NRU, as discussed in chapter 2.1, to support the case of one DRS COT transmitting by Cat2 LBT in each DRS periodicity under the regulation of channel access, PDSCH of RMSI in that case have at most two-symbol resource without possible SSB inside. In addition, considering the half slot boundary as in figure 1 for SSB0, one symbol RMSI PDSCH is insufficient. Thus, RMSI PDSCH to SSB rate matching should be supported if the case that in figure 1 is supported.
Furthermore, gNB may transmit fewer SSB than the maximum number for a cell configuration, so the actual transmitted SSB should be known by the UE at least to the SSBs related to such rate matching. In NR, the actual transmitted SSB is indicated in RMSI as the earliest initial access procedure, so how to indicate the actual transmitted SSB for Type-0 PDCCH rate-match around SSBs need further study.
Proposal 2:  Rate-Match of RMSI-PDSCH over SSB should be supported in NR-U at least for some certain case.

PRACH for NR-U

PRACH Numerology
As the progress of NR-U is a little behind schedule, and as the guidance on essential functionality for NR-U was endorsed, the additional numerology beyond R15 should not be considered as a priority point. On the other hand, if 60kHz SCS is introduced, the impact on PRACH formats and other aspect will increase the TU for discussion accordingly.
Proposal 3:  SCS of 60 kHz is not considered for NR-U PRACH 

LBT Gap between ROs and PRACH formats
In addition to taking the PRACH design in NR as baseline, the blocking issue due to LBT in NR-U should be considered for contiguous RACH occasions configuration. In such cases, the configurations should be enhanced to leave a gap for adjacent ROs to avoid adjunct RACH occasions blocking with each other. One simple way is to keep the PRACH configuration table without redesign, however, define the GAP in NRU specification with fixed symbol(s) for the PRACH formats such as B1-4 and C0/C2. For example, when format B1 is configured, with n symbols gap, both gNB and UE both know the actual PRACH configured from the physical resource point of view.  
Proposal 4:  NR-U shall support RO gap configuration on current PRACH formats.

PRACH formats for NRU
Even for the deployment of NR R15, format 1-4 are most optional, so for NRU SA case, the cell radius would be relatively small and no high-speed scenario as well. So, we propose to exclude the PRACH format 1-4 in NRU.
Proposal 5:  NR-U PRACH need not support the PRACH format 1-4.

Conclusion
In this contribution, we discuss the NR-U initial access signals/channels and based on the above discussion we have the following proposals.
Proposal 1:  Cat2 LBT for DRS transmission in one COT should be supported with some specification modification.
Proposal 2:  Rate-Match of RMSI-PDSCH over SSB should be supported in NR-U at least for some certain case.
Proposal 3:  SCS of 60 kHz is not considered for NR-U PRACH 
Proposal 4:  NR-U shall support RO gap configuration on current PRACH formats.
Proposal 5:  NR-U PRACH need not support the PRACH format 1-4.

References
[1] Chairman's Notes RAN1#97 final.
[2] RP-191581, Guidance on essential functionality for NR-U, Qualcomm
image2.wmf
0

n


oleObject2.bin

image3.wmf
ë

û

(

)

m

m

,

frame

slot

0

mod

2

N

M

i

O

n

×

+

×

=


oleObject3.bin

image4.wmf
M


oleObject4.bin

image5.wmf
O


oleObject5.bin

image6.wmf
C

n


oleObject6.bin

oleObject7.bin

image7.png
PDSCHO PDSCH1 PDSCH2 PDSCH3




image1.wmf
i


oleObject1.bin

