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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 made the following agreements [1]:

Agreement:
The following modifications to initial access procedures are beneficial

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

· Enhancement to 4-step RACH

· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure

· 2-step RACH potentially has benefit for channel access
Agreement:
· 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:
· Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied
 In this contribution, we focus on the design of initial access and mobility procedure in NR-U spectrum.

2. Discussion
1.1. SSB pattern in SSB burst set
In either non-standalone or standalone NR-U operation, SSB should be transmitted for synchronization, measurement and initial access. In the licensed spectrum, SSBs are periodically transmitted in SSB burst set within 5ms duration, and the OFDM symbols where the SSB is mapped, are fixed within the 5ms duration and determined by the SSB index.

However, in the unlicensed spectrum, SSBs may be blocked due to the uncertainty of channel availability, which may lead to performance degradation in many aspects, such as time/frequency synchronization, SI/paging acquisition and mobility procedure. Therefore, the SSB transmission should be enhanced in the unlicensed spectrum. Several enhanced SSB transmission mechanisms are discussed as follows.

Option 1: multiple candidate SSB positions in SSB burst set

Option 1-1: shared location for SSBs with different SSB index

In the licensed spectrum, each SSB can only be mapped to a specific time location within the SSB burst set. Unlike the fixed one to one mapping defined in release 15, the candidate time positions can be shared by multiple SSBs in the unlicensed spectrum. As shown in Figure 1, symbols for SSB#0 transmission can be used for SSB#4 transmission, and the ones for SSB#4 can also be used for SSB#0 transmission equivalently. In the case where SSB#0 is transmitted but SSB#4 in the same burst set is blocked for some reason, the transmission of SSB#0 in the next periodicity seems to be less urgent than SSB#4. Therefore, the symbols for SSB#0 included in the channel occupancy time (COT) can be used for SSB#4 transmission. The network could flexibly determine which SSB to be transmitted in the time resources when the channel is detected as idle, according to the blocking rate of each SSBs to be transmitted.
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Figure 1. Shared SSB patterns

Option 1-2: exploit more SSB positions in an SSB burst set

All SSBs actually transmitted should be confined in a 5ms window. However for some cases, L SSBs can be confined in 2ms, e.g., when SSB SCS=30kHz and SSBs are mapped using CASE-C pattern, no SSBs would be mapped in the latter half of the SSB burst set in these cases, as illustrated in Figure 2. To exploit more SSB positions in 5ms duration, the actually transmitted SSBs can also be mapped to the latter half of the window, e.g. SF#2, 3 and 4. Hence, the number of SSB candidate positions is doubled for each SSB index, making SSB less likely to be blocked in each 5ms duration.
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Figure 2. SSB mapped in the first 2ms of a half radio frame when SSB SCS=30kHz

Except for SSB SCS=15kHz and 3GHz-6GHz frequency range case where there may be no extra resources for additional SSB mapping, this method can work in other cases in the sub-6GHz frequency range, and 60kHz SSB if it is introduced in the unlicensed spectrum.

The motivation of fixed SSB position in the time domain for each SSB index is to indicate the timing of SSB in half radio frame implicitly, and the boundary of half radio frame/subframe/slot can be figured out. If multiple SSB candidate positions are introduced, additional timing information indicating where each SSB is mapped to, should be delivered through the physical signals and channels in SSBs.

Option 2: shifted SSB burst set

As mentioned in [4], another solution is to shift the SSB burst set in 5ms duration, in other words, the mapping of SSB depends on the starting time of COT rather than a deterministic timing in a licensed band. An example is  shown in Figure 3.
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Figure 3. Shifted SSB burst set

Similar to option 1, additional information of SSB is needed to indicate the time shift compared to the deterministic timing defined for the licensed spectrum, for UEs to get the timing of the SSB in a (half) radio frame.

Proposal 1: Enhanced SSB/SSB burst transmission mechanism should be studied, the following alternatives could be considered,

· Option 1: multiple candidate SSB positions in SSB burst set

· Option 2: shifted SSB burst set
Proposal 2: Additional timing information is needed for indicating the timing of SSB in a (half) radio frame.
1.2. Synchronization raster in the unlicensed band
In the licensed spectrum, the sync raster is defined, and the basic principle for the synchronization raster design is 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, especially the spectrum coexistent with wifi, e.g., band 46 in LTE, where the channel partition is settled, the motivation for accommodating different channel deployment no longer exist. Besides, considering the SSBs may be blocked due to LBT failure, the power consumption of blind search for SSB with a small frequency granularity would be even more severe compared with the licensed band. In this case, 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, one SCS assumption per band is preferred.
Proposal 3: 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.
1.3. 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 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 4: Indication mechanism should be enhanced in radio link monitoring considering that the RLM-RS transmission may be blocked in the unlicensed spectrum.

1.4. Enhancement for 4-step RACH

Issue 1. OCB regulatory
As shown in our companion contribution [2], introducing B-IFDMA has significant specification efforts and degrades PRACH detection performance. There are simpler ways to meet the OCB requirements without performance degradation, for example, repeating Msg1 in the frequency domain. 

Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement. 
One potential concern arising from the Msg1 repetition may be a lower RACH capacity. Another concern is that in some condition the largest gap between two ROs still cannot meet the OCB requirement. For example, if prach-FDM=8, preamble length=139 and preamble SCS =15kHz, the total bandwidth of 8 RO is 8.64MHz, less than 80% of the nominal channel bandwidths. As RAN2 has already agreed that PRACH may be enhanced by additional opportunities, e.g., in time or frequency domain, these issues can be solved by configuring denser RACH time instances and expanding frequency range of FDM’ed RO. 

	RAN2 agreements: RACH General and 4-step [3]
R2 assumes that RACH may be enhanced by additional opportunities, e.g., in time or frequency domain, FFS which messages the additional opportunities apply to.


For example, in the unlicensed band, consider a frequency-discrete RO configuration that allows a gap between two neighboring ROs in the frequency domain. The gap should be carefully chosen to make sure that the OCB requirement can be sufficiently fulfilled. As another alternative, we can expand the maximum value of prach-FDM from 8 to 16 for 15kHz case.
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Figure 4. Gaps between ROs
Issue 2. Access delay
RAN1 has discussed how to densify PRACH transmission resources in frequency/time domain to cope with the impact of LBT failure, e.g., support more RACH instance or more FDM’ed ROs. Part of the PRACH formats are designed with a length no less than 24576 Ts, which is equivalent to 12 symbols. In order to maintain dense PRACH instances within a PRACH configuration period, we can either exclude these formats in NR-U or down select the applicable SCS, e.g., only large SCS can be used for the ones with a length of more than one slot. On the other hand, some companies have proposed to support the RACH resource allocated over multiple 20MHz channels. In this situation, multiple initial active uplink BWPs (refers 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. The channel of more than one candidate may be IDLE, but UE can only select one of them in order not to violate the previous agreements.
Proposal 5. For PRACH in NR-U, following optimizations can be considered for OCB requirement and RACH accessibility:
· Expanding the value range of prach-FDM.
· Allowing gaps between FDM’ed ROs
· Excluding these PRACH formats with relatively long duration or down selecting the applicable SCS.
· If multiple initial active uplink BWP candidates are indicated in SIB1, UE can only select one out of them.
1.5. 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, considering the fact that 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 signalling 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. 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: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement. 
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 small DMRS capacity.
Proposal 1: Enhanced SSB/SSB burst transmission mechanism should be studied, the following alternatives could be considered,

· Option 1: multiple candidate SSB positions in SSB burst set

· Option 2: shifted SSB burst set

Proposal 2: Additional timing information is needed for indicating the timing of SSB in a (half) radio frame.

Proposal 3: 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 4: Indication mechanism should be enhanced in radio link monitoring considering that the RLM-RS transmission may be blocked in the unlicensed spectrum.
Proposal 5. For PRACH in NR-U, following optimizations can be considered for OCB requirement and RACH accessibility:
· Expanding the value range of prach-FDM.
· Allowing gaps between FDM’ed ROs
· Excluding these PRACH formats with relatively long duration or down selecting the applicable SCS.
· If multiple initial active uplink BWP candidates are indicated in SIB1, UE can only select one out of them.
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.
· 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

Proposal 8: For Msg.A retransmission, followings should be further studied.
· Complexity of involving HARQ mechanism
· Signaling overhead of PUSCH part retransmission
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