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In this document, we discuss SS/PBCH block (SSB) transmission, PDCCH monitoring occasions for SIB1 and paging, and random access in unlicensed spectrum motivated by the opportunistic channel access characteristic of an unlicensed carrier. These address mainly bands in FR1, where we generally assume that the same LBT approach is adopted as in LTE LAA.
SS/PBCH block transmission in unlicensed spectrum
According to Rel-15 TS38.213 regarding NR operation in licensed spectrum, for a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the subcarrier spacing of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first slot in a half-frame. 
-	Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1.
-	Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
-	Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.
With Listen-Before-Talk (LBT) and contention based channel access (CCA) in unlicensed spectrum, gNB may have to skip or delay transmission of some SSBs of a SSB burst or the entire SSB burst. If the SSB burst duration is close to 5ms (e.g. 64 SSBs with 120KHz subcarrier spacing), channel access priority class 3 or 4 may have to be used for SSB burst transmission, and this would potentially lead to a longer delay and/or less chance to access the channel. 
Proposal 1: Introducing a new or additional SSB burst pattern for NR-U can be considered to enable use of priority classes 1 or 2.
PDCCH monitoring occasions for SIB1 and paging
A UE determines a control resource set (CORESET) and PDCCH monitoring occasions for Type0-PDCCH common search space set, where UE can decode PDCCH carrying DL assignment information for PDSCH carrying SIB1, by decoding PBCH. 













According to TS 38.213, for the SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots starting from slot . For SS/PBCH block with index , the UE determines an index of slot  as  located in a frame with system frame number satisfying  if  or in a frame with SFN satisfying  if .  and  are provided by Tables 13-11 and 13-12 of TS 38.213, and  based on the subcarrier spacing for PDCCH receptions in the control resource set [TS 38.211]. 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 of TS 38.213. For the SS/PBCH block and control resource set multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0-PDCCH common search space over one slot with Type0-PDCCH common search space periodicity equal to the periodicity of SS/PBCH block. If not separately configured, the CORESET and the association between PDCCH monitoring occasions for Type2-PDCCH common search space set (for paging) and the SSB index are same as for Type0-PDCCH common search space.
Considering that PDCCH monitoring occasions for SIB1 and paging are associated with the SSB index and may be dependent on the SSB time location (e.g. for the SS/PBCH block and control resource set multiplexing patterns 2 and 3), impact of the SSB transmission delay or skipping due to LBT on PDCCH monitoring occasions for SIB1/paging should be carefully studied.
Proposal 2: RAN1 should study the impact of delayed or skipped SSB transmissions due to LBT on PDCCH monitoring occasions for SIB1/paging.
Random access in unlicensed spectrum
Msg 1
In Standalone NR-U case, the UE may need to perform CBRA e.g. to ask for UL resources, for beam failure recovery, handover without dedicated resources etc. In the unlicensed operation, due to a failed CCA it may take longer time to complete the RACH procedure and thereby the latency of the procedure that initiated the RACH will be higher. This could be detrimental to the overall performance of the UE. 
RAN1 has previously agreed that there will be BWP(s) in NR-U and that Initial Active UL/ DL BWP will be similar to the licensed operation about 20 MHz. 
	RAN1#93:
Agreement: 
        Initial active DL/UL BWP is approximately 20MHz for 5GHz band
o   The final value will be quantized to number of PRBs
        Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
        FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz
 
RAN1#92bis:
•      Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
•     At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
•     FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.




Further, a UE may or may not have PRACH configured in the current BWP. When it needs to send PRACH (Msg1) with CCA, if necessary, may or may not succeed. Therefore, to increase the transmission diversity of Msg1 it is proposed that the UE performs CCA on other configured BWP(s) as well and perform Msg1 transmission on whichever BWP can be accessed. 
Proposal 3: A UE may perform CCA/LBT on any configured BWP for PRACH transmission, if necessary.
Msg 2 / RAR
On similar lines it is helpful if the Msg 2 / RAR could be transmitted by the gNB on any DL BWP where the CCA succeeds, even if it is different from the linked BWP where Msg 1 occurred. Even though this is not applicable for initial access, it will be helpful e.g. in handover scenarios or PDCCH order where the UE can be aware of multiple BWPs and where the network knows which and how many active BWPs the UE can monitor.
Proposal 4: A UE should be able to monitor more than one DL BWP during a corresponding RAR window for Msg 2. A gNB may transmit Msg 2 on any of the DL BWPs monitored by the UE.
Msg 3
To have diversity in transmitting Msg3, the RAR Grant in Msg2 may include UL resources for Msg3 transmission on more than one BWP. The UE can then perform LBT/CCA on each of these and transmit Msg3 on a BWP where the CCA is successful.
Proposal 5: The RAR Grant may indicate different UL BWPs for Msg 3.
The Grant transmitted in Msg 2 for Msg 3 includes a timing offset, i.e. it indicates a specific time slot in which the UE is to transmit Msg 3. The successful reception of Msg 3 may fail (from the gNB’s perspective) due to the following reasons:
1. The UE was not able to detect Msg 2 successfully, caused by noise or interference by (e.g. hidden) nodes; or
2. The UE was not able to access the channel for Msg 3 transmission in the indicated time slot due to LBT failure (unsuccessful CCA); or
3. The gNB was not able to detect Msg 3 successfully, caused by noise or interference by (e.g. hidden) nodes.
Following the HARQ procedure implies a delay, caused by the additional round-trip time of transmitting the HARQ retransmission request by gNB, and the following retransmission by the UE – both of which may suffer additional delay caused by the required LBT procedure for both these transmissions. Multiple transmission occasions for RACH Msg 3 may alleviate the transmission restrictions imposed by LBT and delay caused by Msg 3 retransmissions according to the HARQ protocol.
Proposal 6: Support granting multiple Msg 3 transmission occasions in Msg 2 to alleviate the transmission restrictions imposed by LBT and delay caused by Msg 3 retransmissions according to the HARQ protocol.
Proposals
We suggest the following for initial access and random access procedure messages:
Proposal 1: Introducing a new or additional SSB burst pattern for NR-U can be considered to enable use of priority classes 1 or 2.
[bookmark: _GoBack]Proposal 2: RAN1 should study the impact of delayed or skipped SSB transmissions due to LBT on PDCCH monitoring occasions for SIB1/paging.
Proposal 3: A UE may perform CCA/LBT on any configured BWP for PRACH transmission, if necessary.
Proposal 4: A UE should be able to monitor more than one DL BWP during a corresponding RAR window for Msg 2. A gNB may transmit Msg 2 on any of the DL BWPs monitored by the UE.
Proposal 5: The RAR Grant may indicate different UL BWPs for Msg 3.
Proposal 6: Support granting multiple Msg 3 transmission occasions in Msg 2 to alleviate the transmission restrictions imposed by LBT and delay caused by Msg 3 retransmissions according to the HARQ protocol.
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