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Introduction
In order to support standalone operation on unlicensed spectrum, initial access designs need to be addressed. In our view, a unified design for both NR licensed and unlicensed operations should be pursued whenever it is possible. However, due to some regulation requirements in unlicensed spectrum, such as listen-before-talk (LBT) and occupied channel bandwidth (OCB), some designs from NR licensed operation may not be adopted to NR unlicensed operation directly without any modification. In this contribution, we discuss some potential enhancements to the initial access procedure for NR-U operation. 
DRS Transmission
At previous RAN1 meetings, the following agreements were made on handling dropped SSBs due to LBT failure. 
	Agreement: (RAN1 #94)
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB



	Agreement: (RAN1 #94bis)
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission



	Agreement: (RAN1 AH1901)
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 



The main issues to be resolved for DRS transmission are summarized as follows: 
1. Define a mechanism to transmit SSBs dropped due to LBT failure
2. Define a mechanism for UE to derive frame timing from a detected SSB
3. Define a mechanism for UE to determine QCL assumptions 
4. Design parameters for DRS transmission
a. Shift granularity between candidate SSB positions 
b. The maximum number of candidate SSB positions [Y] within DRS transmission window
· DRS transmission window duration 
c. Maximum number of transmitted SSBs [X] 
· DRS transmission duration

To decide what mechanisms to be employed for determination of frame timing and QCL assumption, we first share our views on the following design targets. 
1. Whether or not UE can assume inter-SSB-burst soft combining is applicable without PBCH reading?
2. Whether or not PBCH reading is required for UE at RRM measurement and handover?

In NR, soft combining of two SS/PBCH blocks with the same SSB index across two different SSB bursts can be assumed by UE to increase PBCH decoding performance and hence increase the cell coverage. Similarly, we think soft combining of SS/PBCH blocks in different DRS transmissions shall be supported by the specification. In NR FR1, PBCH reading is not required at RRM measurements to reduce UE complexity. And it is also not required at handover to reduce latency. Therefore, the same design targets shall be met in NR-U. 
[bookmark: _Ref4733372]Proposal 1: Similar to NR, UE can assume soft combining is applicable among SS/PBCH blocks with the same QCL assumptions across different DRS transmissions in NR-U. 
[bookmark: _Ref4733390]Proposal 2: Similar to NR, PBCH reading is not required for UE at RRM measurement and handover in NR-U. 

As to the mechanism to transmit SS/PBCH blocks dropped due to LBT failure, Alt-2, the cyclic-wrapped pattern has an advantage over Alt-1 in terms of signaling efficiency. Therefore, Alt-2 shall be supported. 
[bookmark: _Ref4733396]Proposal 3: The mechanism of cyclically wrapping SS/PBCH blocks dropped due to LBT failure to the end of the DRS transmission shall be supported. 

As to the mechanism to determine the frame timing, depending on the proposed solutions, the definition of an SSB block index may be different from that in NR. Therefore, we use two new terminologies other than the SSB index to illustrate this issue and proposed solutions. We first use an “SSB position index” to indicate an SSB position in a predefined DRS window. For example, if there are two SSB positions in a slot and the DRS transmission window is 5ms, then the candidate SSB position indices range from 0 to 9 for SCS=15kHz and range from 0 to 19 for SCS=30kHz. UE can determine the frame timing from a detected SSB position index. The second terminology we introduce is a “beam index” which is similar to the meaning of an “SSB index” in NR. When two SS/PBCH blocks are determined to have the same “beam index”, then the UE can assume these two SS/PBCH blocks have the same QCL assumption.
[bookmark: _Ref1160516]Observation 1: UE can determine the frame timing based on an “SSB position index”.
[bookmark: _Ref1160542]Observation 2: A “beam index” can be used by the UE to determine QCL assumption. 
At RAN1 AH1901 meeting, there were three alternatives proposed to indicate the timing information. 
· Alt.1: Similar to NR in FR2, the timing information (via a detected SSB index) is carried by PBCH DMRS (3 LBS bits) and PBCH (3MSB bits). 
· Alt.2: The timing information is carried by PBCH DMRS. This implies the number of PBCH DMRS sequences needs to be increased. 
· Alt.3: The timing information is carried by PBCH DMRS and SSS. 

To support inter-SSB-burst soft combining before PBCH reading, we think the “SSB position index” for derivation of timing information shall not be carried in MIB. Therefore, either Alt.2 or Alt.3 shall be supported to carry the SSB position index. 
[bookmark: _Ref4733405]Proposal 4: Down-select from Alt.2 (by PBCH DMRS) and Alt.3 (PBCH DMRS and SSS) to carry SSB position indices for determination of frame timing. Down selection shall be based on performance evaluation. 

Finally, for determination of the “beam index” for QCL assumption from a detected SSB position index, two alternatives are possible.
· Alt.1: “beam index” = mod(“SSB position index”, X) with X the maximum number of SSBs
· Alt.2: “beam index” = mod(“SSB position index”, N) with N the number of actually transmitted SSBs

In Alt.1, the beam index is derived from the detected SSB position index and the pre-defined maximum number of SSBs, X. The network does not have to signal X since it is known to the UE. However, when the number of actually transmitted SSBs, N, is smaller than X, then some candidate SSB positions in the DRS transmission window cannot be used and become invalid. On the other hand, Alt.2 provides more transmission opportunities for each actually transmitted SSB when N < X. But N needs to be signaled to UE if it is configurable. 
[bookmark: _Ref4733321]Observation 3: Alt.1 is more signaling efficient than Alt.2 at the cost of reduced transmission opportunities per SSB within a DRS transmission window when N < X. 
[bookmark: _Ref4733330]Observation 4: Alt.2 provides more transmission opportunities for each actually transmitted SSB when N < X but N needs to be signaled to UE if N is configurable. 
[bookmark: _Ref4733412]Proposal 5: Decide whether QCL assumption shall be derived based on the maximum number of SSBs (X) or the number of actually transmitted SSBs (N). 
Random Access Procedure
In this section, we discuss some potential enhancements to 4-step RACH for NR-U operations. Specifically, we address the following issues: 
· Enhancement to RACH resources
· RACH occasion validation rules
· Handling systematic LBT failures in RACH
Enhancements to RACH resources
	Agreement: (RAN1 #93)
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· 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



	Agreement: (RAN1 #94bis)
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain


Several options have been proposed to deal with the issue of reduced transmission opportunities due to LBT failure for Msg1 transmission in 4-step RACH procedure. In this sub-section, we share our views on these proposals. 
In 1.a., it is proposed that multiple PRACH resources are allocated across multiple LBT sub-bands/carriers for both contention-free and contention-based RA. In RAN1 #93, it has been agreed that the initial active DL/UL BWP is approximately 20MHz. Therefore, in initial access and idle mode, it is not clear how this can be supported without extending the BW of the initial active UL BWP or increasing the number of initial active UL BWPs.
[bookmark: _Ref534988931]Observation 5: It is not clear how multiple PRACH resources can be allocated across multiple LBT sub-bands/carriers for UEs in initial access or idle mode since it has been agreed initial active DL/UL BWPs are approximately 20MHz. 

As to 2.a., scheduling of PRACH resources via DCI for connected mode UE is worth of considering since it enables PRACH transmission in a gNB-initiated COT. However, if these resources can also be used for CBRA, it is better to allocate them in the end of a COT or multiplex them with other scheduled transmissions. In this way, gNB reduces the risk of losing the channel when the triggered PRACH resources are not being used. 
[bookmark: _Ref534989008]Proposal 6: Scheduling of PRACH resources via DCI can be considered for NR-U. 

Regarding 2.b., as pointed out in the note, it is not resource efficient to schedule PRACH resources via paging since paging is sent to multiple cells.
[bookmark: _Ref534989014]Proposal 7: Scheduling of PRACH resources via paging for idle mode UEs shall not be supported in NR-U.  

Option 2.c. allocates additional RACH resources following DRS transmission. This not only provides possibility to accelerate the initial access procedure but also the beam failure recovery request procedure.  
[bookmark: _Ref534989020]Proposal 8: Allocating additional RACH resources immediately following DRS transmission can be considered in NR-U. 

In 2.d., it is proposed multiple PRACH transmissions are allowed before Msg2 reception in RAR window for initial access. In our view, to mitigate the impact of LBT failure on PRACH transmission, providing multiple PRACH transmission “opportunities” or reducing LBT overhead by proving RACH resources in gNB-initiated COTs may be helpful. However, once UE passes LBT for one of the provided opportunities, it only needs to transmit one Msg1. There is no need to actually transmit multiple Msg1s. It is unclear to us how by allowing multiple Msg1 transmissions would help to cope with the impact of LBT failure. 
[bookmark: _Ref534988937]Observation 6: Providing multiple Msg1 transmission opportunities is beneficial to mitigate the impact of LBT failures. However, it is not clear why the actual transmission of multiple Msg1s is needed. 
[bookmark: _Ref534989025]Proposal 9:  Multiple PRACH transmissions before Msg2 reception in RAR window shall not be supported in NR-U.

Finally, for 2.e., grouping in a manner of frequency first and time second can be achieved by current NR PRACH configurations. For example, by allocating a suitable number of PRACH resources in the frequency dimension to be one and the number of SSBs per RACH occasion to be 1/4, one can get four RACH occasions in the time dimension corresponding to the same SSB.
[bookmark: _Ref534988943]Observation 7: Group wise SSB-to-RO mapping by frequency first-time second manner seems already supported by NR PRACH configurations. 

RACH occasion validation rules
In NR unpaired licensed spectrum, UE needs to take the positions of SS/PBCH blocks into consideration when it determines whether or not a RACH occasion (time-frequency resource) is valid [Sec. 8.1 of TS 38.213]. In unlicensed spectrum, there are more than one possible position for gNB to transmit NR-U DRS containing SS/PBCH blocks within a configured DMTC window. Hence, the rules about how to determine whether a configured RACH occasion is valid need modification. In our view, if the time span of a RACH occasion overlaps with the time duration of a configured DMTC window, then it is not regarded as a valid RACH occasion.
[bookmark: _Ref534988949]Observation 8: In NR, the positions of SS/PBCH blocks are taken into account for determining the validation of a RACH occasion. 
[bookmark: _Ref534988955]Observation 9: In NR-U, there are more than one possible position for a SS/PBCH block within a DMTC window. 
[bookmark: _Ref534989056]Proposal 10: In NR-U, the validation of a RACH occasion should depend on the positions of the configured DMTC window.

Handling systematic LBT failures in RACH
	Agreement: (RAN1 #94)
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented



In NR licensed, the PREAMBLE_TRANSMISSION_COUNTER is set to 1 at RA procedure initialization. It is incremented:
· After the UE transmits the RA preamble, when the ra-ResponseWindow expires and no valid response has been received by the UE, or
· After the UE transmits Msg3, when the UE receives Msg4 and the contention resolution is not successful or the ra-ContentionResolutionTimer expires.
We note that both ra-ResponseWindow and ra-ContentionResolutionTimer are started after the UE has transmitted a message to the network and is waiting for a response.
After being incremented, if PREAMBLE_TRANSMISSION_COUNTER does not exceed the maximum value preambleTransMax, the UE transmits another RA preamble and might apply power ramping depending on the RRC configuration. Otherwise, if the PREAMBLE_TRANSMISSION_COUNTER exceeds preambleTransMax, a RA problem is indicated to the upper layers if the RA procedure was initiated on the SpCell and the RA procedure can be considered unsuccessfully completed for RA triggered for SI request or for RA on SCells.
If the PREAMBLE_TRANSMISSION_COUNTER is incremented and the power ramping counter is not incremented for each LBT failure, the preamble power may not reach its maximum value in the presence of LBT failures.
We therefore think that LBT failures should be evaluated separately.
To detect excessive LBT failures, one of the following mechanisms could be considered:
· A counter is incremented for each LBT failure, and the occurrence of excessive LBT failures is detected by the UE when the counter reaches its maximum value within a time window, or
· A timer is started when the MAC layer instructs the physical layer to transmit the message for the first time, it is stopped when the transmission is successful, and the occurrence of excessive LBT failures is detected by the UE when the timer expires
When the UE detects the occurrence of excessive LBT failures, the MAC layer could take the same actions as when the PREAMBLE_TRANSMISSION_COUNTER reaches its maximum value, i.e. a RA problem is indicated to the upper layers if the RA procedure was initiated on the SpCell and the RA procedure can be considered unsuccessfully completed for RA triggered for SI request or for RA on SCells.
[bookmark: _Ref534989062]Proposal 11: The UE detects excessive LBT failures for RA preamble transmissions by using a timer or a counter mechanism. Upon detection, the UE takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds its maximum value.
The LBT could also fail for msg3 transmissions. In this case, it is not possible to re-attempt the msg3 transmission at another opportunity because the UE transmits msg3 on the UL grant indicated in RAR. This case could be treated similar to the ra-ContentionResolutionTimer expiry: Discard the TC-RNTI, consider contention resolution not successful, flush the HARQ buffer for msg3, indicate a RA problem to upper layers, and potentially re-attempt the RA procedure.
[bookmark: _Ref534989067]Proposal 12: The UE detects excessive LBT failures for msg3 transmissions by using a timer or a counter mechanism. If LBT fails for msg3, the UE takes the same actions as the ra-ContentionResolutionTimer expiry.

Conclusion
In this contribution, we make the following observations.
Observation 1: UE can determine the frame timing based on an “SSB position index”.
Observation 2: A “beam index” can be used by the UE to determine QCL assumption.
Observation 3: Alt.1 is more signaling efficient than Alt.2 at the cost of reduced transmission opportunities per SSB within a DRS transmission window when N < X.
Observation 4: Alt.2 provides more transmission opportunities for each actually transmitted SSB when N < X but N needs to be signaled to UE if N is configurable.
Observation 5: It is not clear how multiple PRACH resources can be allocated across multiple LBT sub-bands/carriers for UEs in initial access or idle mode since it has been agreed initial active DL/UL BWPs are approximately 20MHz.
Observation 6: Providing multiple Msg1 transmission opportunities is beneficial to mitigate the impact of LBT failures. However, it is not clear why the actual transmission of multiple Msg1s is needed.
Observation 7: Group wise SSB-to-RO mapping by frequency first-time second manner seems already supported by NR PRACH configurations.
Observation 8: In NR, the positions of SS/PBCH blocks are taken into account for determining the validation of a RACH occasion.
Observation 9: In NR-U, there are more than one possible position for a SS/PBCH block within a DMTC window.

Furthermore, we have the following proposals. 
Proposal 1: Similar to NR, UE can assume soft combining is applicable among SS/PBCH blocks with the same QCL assumptions across different DRS transmissions in NR-U.
Proposal 2: Similar to NR, PBCH reading is not required for UE at RRM measurement and handover in NR-U.
Proposal 3: The mechanism of cyclically wrapping SS/PBCH blocks dropped due to LBT failure to the end of the DRS transmission shall be supported.
Proposal 4: Down-select from Alt.2 (by PBCH DMRS) and Alt.3 (PBCH DMRS and SSS) to carry SSB position indices for determination of frame timing. Down selection shall be based on performance evaluation.
[bookmark: _GoBack]Proposal 5: Decide whether QCL assumption shall be derived based on the maximum number of SSBs (X) or the number of actually transmitted SSBs (N).
Proposal 6: Scheduling of PRACH resources via DCI can be considered for NR-U.
Proposal 7: Scheduling of PRACH resources via paging for idle mode UEs shall not be supported in NR-U.
Proposal 8: Allocating additional RACH resources immediately following DRS transmission can be considered in NR-U.
Proposal 9:  Multiple PRACH transmissions before Msg2 reception in RAR window shall not be supported in NR-U.
Proposal 10: In NR-U, the validation of a RACH occasion should depend on the positions of the configured DMTC window.
Proposal 11: The UE detects excessive LBT failures for RA preamble transmissions by using a timer or a counter mechanism. Upon detection, the UE takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds its maximum value.
Proposal 12: The UE detects excessive LBT failures for msg3 transmissions by using a timer or a counter mechanism. If LBT fails for msg3, the UE takes the same actions as the ra-ContentionResolutionTimer expiry.
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