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1. Introduction & Background

In the unlicensed spectrum, physical layer channels may require further enhancements to adapt to the uncertainty of the channel availability. In RAN1#92bis，the following physical channels/signals were agreed to be studied in the NR-U [1].

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range
Furthermore, in RAN1#93, the following agreements are made [2]
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission

· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation

· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)

· Strive to minimize the channel occupancy time of the signal

· Characteristics that may facilitate fast channel access
In this contribution, we discuss the design of physical layer DL channels in the unlicensed spectrum.
2. Physical layer DL channels in NR unlicensed spectrum
1.1. PDCCH
In the licensed assisted access to the unlicensed spectrum with carrier aggregation, cross carrier scheduling from licensed spectrum is supported. The PDCCH is transmitted in the licensed spectrum, no special design is required. When self-scheduling is employed, the PDCCH transmission in the unlicensed spectrum should be enabled. Due to the uncertainty of the channel availability subject to LBT, the channel may become available at any time. In order to make full use of the channel resources, the PDCCH should be able to be transmitted on any symbol within a slot. In LAA, an additional starting position in symbol 7 is introduced to increase the transmission possibility. In NR, gNB can configure symbol level PDCCH monitoring occasion, already supported in licensed spectrum, for UE operating on unlicensed carrier. In frequency domain, the CORESET can be configured as non-contiguous RBs so that PDCCH transmissions can fulfill the OCB requirement even when few UE is scheduled at the same time. Therefore, Rel-15 design of PDCCH structure and search space can be used for unlicensed band operation and no further change seems needed. 

1.2. PDSCH
Similar to PDCCH, the PDSCH is also required to be transmitted on any OS within a slot to fully utilize the channel resources. In frequency domain, PDSCH RA type 0 (i.e. bitmap based) can be used to meet the OCB requirement by allocating distributed RBs for a single PDSCH transmission. In time domain, mini-slot transmission can be used for efficient utilization of the spectrum resource after successful LBT. In Rel-15, a mini-slot based PDSCH transmission (PDSCH mapping type B) can start from any OFDM symbol within a slot and cannot cross slot boundary. However, in Rel-15, PDSCH mapping type B can only support a restricted set of transmission durations, i.e. 2/4/7 OFDM symbols. Such restriction will limit the flexibility in unlicensed spectrum utilization. Therefore it is proposed to support same flexibility as in PUSCH mapping type B, i.e. a PDSCH mapping type B transmission can support any duration from 1 OFDM symbol to 14 OFDM symbols. 

Proposal 1: PDSCH mapping type B should support any transmission duration from 1 OFDM symbol to 14 OFDM symbols.  
1.3. 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 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 unlicensed spectrum, SSBs may be blocked due to channel availability, which may lead to performance degradation in many aspects, including time/frequency synchronization, SI/paging acquisition, mobility procedure, etc. Therefore, the SSB transmission should be enhanced in 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 licensed spectrum, each SSB can only be mapped to a specific time location within the SSB burst set. In addition to the time locations defined in release 15, multiple candidate positions can be defined for each SSB index. As shown in figure 1, symbols for SSB#0 transmission can be used for SSB#4 transmission, and symbols for SSB#4 can also be used for SSB#0 transmission similarly. In the case of SSB#0 is transmitted but SSB#4 is blocked in a burst set, in the next periodicity, the transmission of SSB#0 seems not that urgent compared to SSB#4. Therefore, the channel occupancy time (COT), where symbols for SSB#0 are included, 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 SSB patterns
Option 1-2: exploit more SSB positions in a SSB burst set
All SSBs actually transmitted should be confined in a duration of 5ms. 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. To exploit more SSB positions in 5ms duration, the actually transmitted SSBs can also be mapped to the later half, as illustrated in Figure 2. Hence, the number of SSB candidate positions can be doubled for each SSB index, and less likely to be blocked in each 5ms duration due to channel unavailability.

[image: image2.emf]5ms

2ms


Figure 2 SSB mapped in the first 2ms of a half radio frame when SSB SCS=30kHz
Except for SSB SCS=15kHz and the carrier frequency between 3GHz-6GHz, there may be no spare resources for SSB mapping, this method can work in other cases in sub-6GHz frequency range, and 60kHz SSB if it is introduced in unlicensed spectrum.
The motivation of fixed SSB position in time domain for each SSB index is to implicitly indicate the timing of SSB in half radio frame, 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: extended SSB burst set
In release 15, the transmission of all SSBs in an SS burst set is confined in a 5ms duration, and the shortest periodicity of SS burst set is 5ms. Shorter periodicity also means more transmission opportunities for SSBs in a PBCH TTI (80ms). However, it may lead to higher SSB overhead in the unlicensed spectrum. For example, each SSB is expected to be transmitted once in 20ms periodicity, and up to 4 transmission opportunities may be obtained by gNB if the periodicity of the SSB burst set is 5ms and the traffic load is low. To avoid unnecessary SSB transmission for each SSB index, as illustrated in Figure 3, only one SSB is needed to be transmitted in N*5ms (N=4) duration, if SSB has been transmitted once in one of the N SSB burst set, gNB may cancel the SSB transmission in the remaining time of the N*5ms (N=4) duration, and resources may be used for DL data transmission. For example, if SSB#2 is successfully transmitted in the first SSB burst set, it is not necessary to transmit SSB#2 even if the channel is obtained in the second SSB burst set, the obtained COT can be used for other signals and channels, it is up to network whether to transmit SSB#2 if channel for SSB#2 is obtained again. In other words, only subset of actually transmitted SSBs can be transmitted in a SS burst set.
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Figure 3 illustration of extended SSB burst set
Option 3: shifted SSB burst set
As mentioned in [3], 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 licensed band. As shown in Figure 4.
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Figure 4 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 licensed spectrum, for UEs to get the timing of the SSB in a (half) radio frame.
Proposal 2: 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: extended SSB burst set

· Option 3: shifted SSB burst set

1.4. SSB and RMSI Multiplexing
In licensed spectrum in FR1, the SSB and RMSI are multiplexed in TDM manner, and there may be time gap between RMSI PDCCH search space and the associated SSB. In unlicensed spectrum, gap in a channel occupancy time should be avoided according to regulation. Besides, due to the uncertainty of the starting time and the length of a COT, the SSB and the associated RMSI search space may not be able to be contained in the same COT. Therefore, TDM pattern for SSB and RMSI multiplexing does not seem to be a reasonable manner. 
In licensed band, FDM patterns (pattern 2 and pattern 3) are introduced for FR2, thus the SSB and RMSI PDCCH/PDSCH are transmitted in a relatively short time duration, or mapped to the same OFDM symbols in multiplexing pattern 3. Besides, the OCB requirement can be easily fulfilled if FDM patterns are also employed for unlicensed band. Therefore, FDM pattern for SSB and RMSI multiplexing should be considered in sub 7GHz for NR-U. 
Proposal 3: FDM pattern should be introduced for SSB/RMSI multiplexing for sub 7GHz in unlicensed spectrum.
3. Conclusion

In this contribution, we discussed the physical layer DL channel design for unlicensed spectrum. The following proposals are given:

Proposal 1: PDSCH mapping type B should support any transmission duration from 1OFDM symbol to 14 OFDM symbols.
Proposal 2: Enhanced SSB/SSB burst transmission mechanism should be studied, following alternatives could be considered,

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

· Option 2: extended SSB burst set

· Option 3: shifted SSB burst set
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Proposal 3: FDM pattern should be introduced for SSB/RMSI multiplexing for sub 7GHz in unlicensed spectrum.
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