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1. Introduction
In the previous meetings, RAN1 discussed the possible design for initial access and mobility procedure for NR-U and the agreements are summarized in [1] and the following agreements are made in RAN1 #94b [2]:
Agreement:
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:
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
Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 

· DRS-based RRM measurements are performed inside the DMTC(s)

· FFS: Similarity with Rel-15 SMTC

· CSI-RS-based measurements may be performed outside the DMTC(s)

· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)

· RLM DMTC may coincide with DRS transmission window

· CSI-RS-based RLM may be performed outside of DMTC(s)

· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred

· FFS: If DMTCs for RRM measurements and RLM are the same or can be different
In this contribution, we focus on the remaining design of initial access and mobility procedure in NR-U, e.g. sync raster, radio link monitoring and further enhancements to RACH transmission.

2. Discussion

1.1. Synchronization raster in the unlicensed band

In the licensed NR, the basic principle for synchronization raster design lies in that at least one synchronization block should fit inside any channel deployed anywhere in the band. Therefore, the distance between two adjacent sync raster positions is relatively close, i.e., 1.2MHz and 1.44MHz for sub6GHz band, which leads to high power consumption in initial cell search in licensed band.

However, in the unlicensed spectrum such as 5GHz, where the channel partition is defined by regulation. The motivation for accommodating different channel deployment as in licensed operation doesn’t exist anymore. Besides, considering SSB transmission failure due to LBT, the power consumption of blind search for SSB with a small frequency granularity would be even more severe compared with the licensed band. Therefore, the sync raster design needs to be reconsidered to reduce the complexity in initial cell search. Besides, the subcarrier spacing of SSB for cell search should also be restricted, i.e. one SCS assumption per band is preferred.
Proposal 1: The synchronization raster design needs to be reconsidered in the unlicensed spectrum to reduce the complexity in initial cell search, and the supported SSB SCS for unlicensed band should also be restricted.
1.2. Radio link monitoring in the unlicensed spectrum

In the licensed spectrum, both SSB and CSI-RS can be configured as RLM-RS and should be transmitted periodically. When the radio link quality assessed on any configured RLM-RS resource is better than the threshold Qin, in sync is indicated. And when the radio link quality assessed on all of the configured RLM-RS resources are worse than the threshold Qout, out-of-sync is indicated.

However, in the unlicensed band, RLM-RS transmission may be blocked due to channel unavailability, which will lead to out-of-sync (OOS) indication more frequently, and then radio link failure will be declared more frequently. To avoid this issue, IS and OOS indication criterion should be enhanced to ensure the accuracy of the radio link quality. For each configured RLM-RS, UE should determine whether the RLM-RS is detected, if RLM-RS not detected by UE, UE does not need to evaluate the hypothetic PDCCH BLER against Qin and Qout, and a number of times RLM-RS not detected should be counted in each indication period. The enhanced in-sync and out-of-sync indication mechanism should take the number of times RLM-RS not detected into consideration, in addition to the number of RLM-RS on which the radio link quality assessed is better or worse than Qin and Qout.

Besides, UE can assess whether the configured RLM-RS is successfully transmitted, if the detection rate of the configured RLM-RS resources in an indication period is lower than a threshold, a new state can be indicated to the higher layer to facilitate the radio link failure procedure.

Proposal 2: Radio link quality indication criterion in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.

1.3. Enhancement for 4-step RACH



Regarding the access delay due to LBT failure, several alternatives are proposed wherein RACH resource allocated over multiple 20MHz channels has been discussed. 
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

In option 1-a, multiple initial active uplink BWPs, referring to IAU, should be included in SIB1, and UE can perform LBT on them in parallel. In the RAN1#93 meeting, it is agreed that the IAU is approximately 20MHz in NR-U. In order not to violate the previous agreements, even if  more than one candidate is assessed as IDLE, UE can only select BWP of them to transmit PRACH.

Proposal 3. If multiple initial active uplink BWP candidates containing RACH resources are indicated in SIB1, it is up to UE to select one BWP out of them to transmit PRACH.
On the other side, the duration of the short PRACH is 2-12 OSs which will not exceed 1 ms. It is possible to apply a higher channel access priority to the PRACH, e.g., one-shot LBT. Furthermore, it is stated that Short Control Signaling is the transmission used by the equipment without sensing the channel for the presence of other signals. The use of Short Control Signaling transmissions has to meet the following requirements:
· within an observation period of 50 ms, the number of Short Control Signaling Transmissions by the equipment shall be equal to or less than 50; and
· the total duration of the equipment's Short Control Signaling Transmissions shall be less than 2 500 μs within the said observation period.
PRACH and Short Control Signaling have much in common, and it is reasonable to implement PRACH in the same way as Short Control Signaling. One common feature is low transmission frequency. To be more specific, it is unlikely that random access based on all SSBs are initiated at the same time by different UEs, for some SSBs, there are no associated PRACH transmission at certain times. For example, SSB #1 to #8 are transmitted, only SSB #1 and SSB#2 are selected for random access at an instance while the others are not. And as RAN1 agreed that the RAR window of NR-U is extended beyond 10 ms in NR-U, the Msg1 transmission corresponding to the same UE may only appear up to 5 times within 50ms, which we regard as a relatively low frequency. The other common feature is that the duration required for both PRACH and Short Control Signaling are short, such that sufficient opportunities in time domain can be ensured with the condition that the total duration does not exceed 2.5ms.
Table 1. Maximum number of PRACH opportunities in time domain within 2.5ms
	Format
	Duration of RO (symbols)
	number of RO within a PRACH slot
	Number of PRACH opportunities in time domain within 2.5ms=2.5 slots
(msg1 SCS=15kHz)
	Number of PRACH opportunities in time domain within 2.5ms=5 slots
(msg1 SCS=30kHz)

	A1
	2
	6
	2.5*6=15
	2.5*6*2=30

	A2
	4
	3
	2.5*3=7
	2.5*3*2=15

	A3
	6
	2
	2.5*2=5
	2.5*2*2=10

	B1
	2
	6
	2.5*6=15
	2.5*6*2=30

	A1/B1
	2
	6
	2.5*6=15
	2.5*6*2=30

	A2/B2
	4
	3
	Floor(2.5*3)=7
	2.5*3*2=15

	A3/B3
	6
	2
	2.5*2=5
	2.5*2*2=10

	B4
	12
	1
	Floor(2.5*1)=2
	2.5*1*2=5

	C0
	2
	6
	2.5*6=15
	2.5*6*2=30

	C2
	6
	2
	2.5*2=5
	2.5*2*2=10


In Table 1, we summarize the maximum number of PRACH opportunities in time-domain, referring to time instance in NR Rel-15, based on the legacy Random access configurations (Table 6.3.3.2-3 in 38.211) for FR1 and unpaired spectrum. It can be seen that the number of PRACH time instances within 50ms is less than 50. As UE transmits Msg1 less than 5 times per 50ms, the PRACH formats which support more than 5 time instances can be considered in NR-U.
Observation 1. PRACH transmission and Short Control Signalling share similarities in low transmission frequency and short transmission duration.
Proposal 4. 
Short control signaling transmission scheme can be considered as a candidate scheme for PRACH.
Proposal 5. If PRACH can be transmitted without LBT, some specific PRACH formats which provide more than 5 PRACH time instances within 50ms can be considered.
1.4. 2-step RACH design in NR-U spectrum

It has been identified that supporting 2-step RACH in the unlicensed band is beneficial at least from the channel access perspective. Since 2-step RACH only consists of Msg.A and Msg.B, Msg.A has to provide the essential UE information for subsequent contention resolution. Therefore it should at least include Msg.1 and Msg.3 of the 4-step RACH. In the current 4-step RACH procedure, two different TB sizes of Msg.3 are supported, i.e., 56 bits and 72 bits. Therefore, the minimum payload size of the PUSCH part of Msg.A should be 56 bits or 72 bits.

Proposal 6: The minimum payload size of Msg.A should be 56 bits or 72 bits.

In 4-step RACH, Msg.1 includes preamble so that NW can detect RACH attempts, while DMRS is present in for Msg.3 as it is used for data demodulation. For 2-step RACH, using two different kinds of sequence to serve the detection of the same message may be redundant in some cases. For example, for some UEs that rarely move but need to send small packets with a large periodicity, the preamble transmission may not be needed, and DMRS can be used for both RA request and data demodulation simultaneously based on the latest TA. It could be beneficial from the perspective of signaling reduction if we can implement these two functions with a single sequence. However, because the number of DMRS sequence candidates is limited, it would be more difficult for NW to distinguish Msg.A from different UEs than the one that including preamble transmission. Therefore, for the composition of Msg.A, we need to further study the scenario and necessity of preamble/DMRS as well.. 

Observation 2: In some cases, using both DMRS sequence and preambles to serve the detection of the same Msg.A may be redundant. 

Observation 3: If DMRS serves both request detection and data modulation purposes, it may be difficult for NW to distinguish Msg.A from different UEs due to the limited DMRS capacity.

Proposal 7: For the composition of Msg.A, following should be studied.
· Optimization of Msg.A without preamble transmission

· Functions of DMRS transmission

· Msg.A from different UEs should be designed to be distinguishable from each other

NW may not be able to decode the data part of Msg.A for a variety of reasons, e.g., in a poor channel condition. If NW has detected the sequence part but failed to decode the PUSCH part correctly, one option to ensure the transmission robustness is that NW triggers the PUSCH retransmission by assigning a HARQ process. However, the resources for UL grant intended for retransmission and its corresponding PUSCH will be distributed in gNB’s COT and UE’s COT respectively because of the limitation of the unlicensed spectrum. Involving HARQ schemes in this stage may increase the signaling overhead and uncertainty of HARQ timing.
On the other hand, if preamble is included in Msg.A for timing estimation purpose, UEs served by same SSB may choose the same preamble sequence. In this case, NW is not able to identify for which UE the PUSCH should be retransmitted. As a consequence, it has to indicate all UEs using the same preamble to retransmit, even though the PUSCH part of some of them are successfully decoded. This results in unnecessary signaling overhead and requires additional resources for the potential retransmission. Besides, mechanisms should be designed to disperse MSG.A retransmission from different UEs. Therefore, we suggest further study the gain of introducing HARQ for Msg.A in the aspects of robustness, complexity, channel access delay and signaling overhead.
Proposal 8: For Msg.A retransmission, followings should be further studied.

· Complexity and performance gain of involving HARQ mechanism
· Signaling overhead of PUSCH part retransmission
3. Text proposal for 38.889
As discussed in section 2.1, sync raster should be reconsidered for NRU and the following text proposal is made:

	*************************************text proposal 1*****************************************

7.2.1.3.2
Initial access and mobility

The following modifications to initial access procedures have been identified as beneficial:

-
Modifications to initial access procedures considering limitations on access to the channel based on LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure.

-
Enhancement to 4-step RACH, including developing mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure. 
-    Restriction of synchronization raster and SCS candidates per band.
*************************************text proposal 1*****************************************


As discussed in section 2.2, further enhancement on RLM is needed for NRU and the following text proposal is made:

	*************************************text proposal 2*****************************************

7.2.1.3.2
Initial access and mobility

For RLM/RRM, it is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. DRS-based RRM measurements are performed inside the DMTC(s). CSI-RS-based measurements may be performed outside the DMTC(s). DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s). RLM DMTC may coincide with DRS transmission window. CSI-RS-based RLM may be performed outside of DMTC(s). Besides, radio link quality indication criterion in physical layer should be enhanced considering that RLM-RS may be blocked due to LBT.
*************************************text proposal 2*****************************************


As discussed in section 2.3, short control signaling mechanism can be considered as a candidate scheme for PRACH, where the following text proposal is made:
	*************************************text proposal 3*****************************************

7.2.1.3.2
Initial access and mobility

For potential RACH resource enhancement, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15:

-
Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

-
Time-domain enhancements:

-
For connected mode UE, scheduling of PRACH resources via DCI. 

-
Triggered PRACH within TXOP can use a new resource indicated by the DCI

-
For idle mode UE, scheduling of PRACH resources via paging

-
Note: potential inefficiency in network resource due to paging across multiple cells

-
Additional, new RACH resources are used immediately following detection of DRS transmission

-
Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

-
Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

-
Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

For msg1 transmission of 4-step RACH procedure, if preamble transmissions are dropped due to LBT failure, then from RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented.
On the other hand, it is identified that Short control signaling can be transmitted without LBT if complying with the requirements defined in [3]. 

For msg1 transmission, it is RAN1's understanding that transmission of PRACH can be exploited in the same way as Short control signaling without LBT.
For msg 2 transmission in the 4-step RACH procedure, in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to improve robustness to DL LBT failure for RAR transmission
*************************************text proposal 3*****************************************


Proposal 9: Adopt the above TP for 38.889
4. Conclusion

In this contribution, we focus on the design of RLM and PRACH in NR-U spectrum, and have the following observations and proposals:

Observation 1. PRACH transmission and Short Control Signalling share similarities in low transmission frequency and short transmission duration.
Observation 2: In some cases, using both DMRS sequence and preambles to serve the detection of the same Msg.A may be redundant.
Observation 3: If DMRS serves both request detection and data modulation purposes, it may be difficult for NW to distinguish Msg.A from different UEs due to the limited DMRS capacity.
Proposal 1: The synchronization raster design needs to be reconsidered in the unlicensed spectrum to reduce the complexity in initial cell search, and the supported SSB SCS for unlicensed band should also be restricted.
Proposal 2: Radio link quality indication criterion in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.
Proposal 3. If multiple initial active uplink BWP candidates containing RACH resources are indicated in SIB1, it is up to UE to select one BWP out of them to transmit PRACH.
Proposal 4. 
Short control signaling transmission scheme can be considered as a candidate scheme for PRACH.
Proposal 5. If PRACH can be transmitted without LBT, some specific PRACH formats which provide more than 5 PRACH time instances within 50ms can be considered.
Proposal 6: The minimum payload size of Msg.A should be 56 bits or 72 bits.
Proposal 7: For the composition of Msg.A, following should be studied.
Proposal 8: For Msg.A retransmission, followings should be further studied.
Proposal 9: Adopt the above TP for 38.889
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