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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed in RAN1 #93 meeting that [1]:
· [bookmark: OLE_LINK6]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
[bookmark: _Ref129681832]In this contribution, we mainly discuss the composition of the “signal that contains at least SS/PBCH block burst set transmission” and its transmission schemes in both time and frequency domain. We call “signal that contains at least SS/PBCH block burst set transmission” as Access Signal for short in the tdoc. Consideration on the CORESET transmission scheme for NR-U is also discussed. 

NR–U Access Signal design
The composition of the Access Signal
LTE LAA Discovery Reference Signal (DRS) consists of CRS, PSS, SSS and optional CSI-RS. Similarly the Access Signal consists of at least the SS/PBCH block. In DC or SA mode, the corresponding RMSI is jointly transmitted with SS/PBCH block as the Access Signal for initial access. Besides, CSI-RS could also be configured as part of the Access Signal for the purpose of RLM/RRM measurements, while for NR-U Scell in CA mode, the Access Signal consists of only SS/PBCH block is sufficient.
In Rel-15 NR, the multiple SS/PBCH time locations are designed primarily for the purpose of beamforming. However, the EIRP is restricted in unlicensed operation due to the ETSI regulation. As a result, less SS/PBCH block(s) with wider beam(s) is preferred for initial access, especially for sub-7GHz carrier frequency band. 
[bookmark: _GoBack]In LTE LAA, the DRS transmission, which consists of PSS, SSS and other reference signal, is subject to LBT and follows a single idle observation interval of at least 25µs. Correspondingly, it is considered that the same LBT category, i.e. LBT without random back-off, may be applied to the Access Signal transmission, which also depends on its composition. In general, the Access Signal transmission duration should be limited in order to keep fairness. 
If the Access Signal only consists of SS/PBCH block or the corresponding RMSI/CSI-RS is frequency multiplexed with SS/PBCH block, CAT 2 LBT could be used for transmission. Besides, the Access Signal may consist of SS/PBCH block and the corresponding RMSI/CSI-RS that are multiplexed in the time domain. In this case, CAT 2 or CAT 4 LBT may be chosen depending on the periodicity and the total duration of the Access Signal. In addition, if the Access Signal is multiplexed with PDSCH, CAT 4 LBT is employed for contending to access the medium.
Proposal 1: In DC or SA mode, the Access Signal should also include the corresponding RMSI and the additional CSI-RS. The design of the Access Signal should allow both CAT 2 and CAT 4 LBT to be used, where the actual adopted LBT category depends on the configured Access Signal composition, periodicity, and multiplexing pattern.

The transmission of NR-U Access Signal in time domain
Channel occupation at a pre-defined slot cannot be guaranteed in unlicensed band, e.g., the actual transmission of SS/PBCH block may be blocked due to LBT failure. This will then introduce an extra time delay which would degrade the initial access performance. Therefore, SS/PBCH block transmission shall be enhanced and multiple SS/PBCH block transmission mechanisms in NR unlicensed band are discussed as follows
Option 1: The mapping of NR unlicensed SS/PBCH block time locations within a slot and SS burst set window is the same as that of NR. The SS/PBCH block will be skipped if LBT fails. The advantage is that NR SS/PBCH block design could be completely re-used, which simplifies NR unlicensed initial access design. However, extra time delay would be introduced since only partial SS/PBCH block transmission may be allowed in each SS burst set period due to the LBT procedure.
Option 2: Similar to the DMTC window in LTE LAA, SS/PBCH block transmission can be shifted in time domain until LBT succeeds. The shifted SS/PBCH block transmission could use a pre-defined pattern, e.g., the same pattern defined in NR or a distinct pattern. The time offset introduced by the LBT procedure could be signaled via PBCH/RMSI/RRC signaling. Furthermore, the shifted transmission of SS/PBCH block could be constrained within a 5ms SS burst set window without any modification to current NR SS/PBCH block design. In this case, fewer beam directions are possible since the maximum number of SS/PBCH block time locations, as agreed in Rel-15 NR, is fixed within a 5ms window. As discussed in Section 2, one or a limited number of SS/PBCH block(s) is transmitted within a single SS/PBCH block set. In this case, the remaining SS/PBCH block time locations could be reserved for shifting. Alternatively, SS burst set window could be extended to accommodate the whole SS/PBCH block set, to increase the probability that all SS/PBCH blocks could be transmitted in a single SS burst set window. The maximum duration of the extended SS burst set window shall be further considered since the UE consumes more energy for blind decoding of more SS/PBCH block time locations in the extended SS burst set window.
Besides, in the current NR SS/PBCH block design, some resources are reserved for DL/UL control and URLLC. In NR unlicensed band, consecutive SS/PBCH block pattern could be considered, which reduces the risk of losing the ownership of the channel as well as reduces the number of times when the gNB needs to contend for the medium. However, further investigation is required for consecutive SS/PBCH block pattern design by taking other DL/UL physical channels into account. 
In summary, SS/PBCH block(s) may not be transmitted if LBT fail(s). Alternatively, it could be shifted within a 5ms or an extended time window according to LBT result. To reduce the risk of losing the medium, SS/PBCH blocks could be consecutively transmitted.
Correspondingly, if the RMSI and/or CSI-RS are/is time multiplexed with SS/PBCH block, the same time offset would be introduced, and the Access Signal pattern in time domain remains unchanged.
Proposal 2: The time shifting of the Access Signal in unlicensed band should be considered when LBT failure occurs.

The transmission of NR-U Access Signal in frequency domain
According to the ETSI regulation [2] the OCB requirement is at least 80 percent of the initial DL BWP for NR-U, which equals to 16 MHz. The bandwidth of an SS/PBCH block is {3.6, 7.2, 14.4} MHz with {15, 30, 60} KHz subcarrier spacing, respectively. The current transmission bandwidth of SS/PBCH block is obviously smaller than nominal channel bandwidth of the NR unlicensed carrier when only an SS/PBCH block is transmitted. Frequency multiplexing of the RMSI/CSI-RS, if available, with SS/PBCH block(s) could facilitate the OCB requirement fulfillment of the Access Signal.
If the PDSCH is allowed to be multiplexed with SS/PBCH block(s), the OCB requirement can be easily fulfilled. If PDSCH is not available, multiplexing of other physical channels and SS/PBCH block could also be considered to fulfill the OCB requirement, possible options are discussed as follows.
Option 1: If the Access Signal consists of the RMSI, frequency multiplexing of the RMSI CORESET/PDSCH with SS/PBCH block(s), as illustrated as Pattern 3  in Fig.1, can be considered to meet the OCB requirement in sub 7GHz. 
Option 2: If CSI-RS is jointly transmitted with SS/PBCH block(s), combinations of the quasi co-located CSI-RS and SS/PBCH block is another possible solution to meet the OCB requirement for unlicensed operation. However, such joint transmission may reduce the CSI-RS configuration flexibility, and the transmitted CSI-RS could be meaningless if not configured to any UE for beam management or CSI reporting. 
Option 3: Duplicated SS/PBCH block(s) transmission in frequency domain could also fulfill the OCB requirement.
To sum up, if the Access Signal consists of the RMSI/CSI-RS, frequency multiplexing the RMSI /CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, if the Access Signal only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement.
Proposal 3: When the Access Signal consists of the RMSI/CSI-RS, frequency multiplexing the RMSI /CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, when the Access Signal only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement.

 
Fig 1. Multiplexing pattern between SS/PBCH block and RMSI CORESET/PDSCH supported in NR 

The Access Signal with different subcarrier spacing 
It is agreed in [3] that SS/PBCH block design with 60 kHz subcarrier spacing (SCS) shall be studied in NR unlicensed, and thus the Access Signal transmission with 60 kHz SCS could also be considered. The main advantages of the Access Signal with 60 kHz SCS compared to that with 15/30 kHz SCS are listed below.
Shorter access delay: The slot duration with 60 kHz SCS is only a quarter of that with 15 kHz SCS. Assuming the same Access Signal structure is used with different SCS, less time is needed for UE’s time synchronization with 60 kHz SCS compared to that with 15 or 30 kHz SCS. However, larger SCS will bring larger residual carrier frequency offset (CFO), which may degrade RMSI/OSI/data decoding performance when smaller SCS is used for RMSI/OSI/data transmission. In this case, tracking reference signal (TRS) could be used for CFO correction. In addition, more transmission occasions could be accommodated within the same time window, and the Access Signal transmission is more robust since more opportunities are provided to gNB for the original and/or the shifted version of the Access Signal, which also facilitates UE’s initial access. Besides, if CAT4 LBT is adopted for the Access Signal transmission and LBT succeeds in the middle of the slot, shorter symbol alignment delay is required to transmit using 60 kHz SCS, and thus increase the spectral efficiency.
Easier OCB fulfillment: As discussed in [4], the maximum number of available RBs for 15/30/60 kHz SCSs and 20 MHz channel bandwidth is 106/51/24. Since SS/PBCH block only occupies 20 RBs in frequency domain, it is easier to combine the corresponding RMSI, CSI-RS or other DL reference signals with SS/PBCH block to fulfill the OCB requirement if 60 kHz SCS is adopted for the Access Signal transmission. Even if there is no other channels are available to frequency multiplexing with SS/PBCH block and dummy signal is transmitted, the spectral efficiency would not significantly decrease.
Proposal 4: The Access Signal with 60 kHz SCS should be considered for NR unlicensed operation.

NR-U CORESET configuration
In this section, consideration on NR-U CORESET configuration in frequency domain is discussed.
As per the latest agreements, LBT can be performed in each sub-band with channel bandwidth of 20MHz. Since the actual transmission bandwidth is dynamic due to LBT outcome, the CORESET is preferred to be configured within 20MHz sub-band(s). Otherwise, the CORESET that consists of more than one sub-band becomes void if LBT of any sub-band fails. The following two alternatives, as illustrated in Fig 2, could be considered for the CORESET configuration in NR-U:
Alternative 1: The CORESET configuration is duplicated in each sub-band. When LBT for at least one sub-band succeeds, the corresponding CORESET is valid and the CORESET configuration will not be impacted by LBT. However, the signaling overhead is comparatively large in case there are a large number of available sub-bands.
Alternative 2: The CORESET is only configured in a single fixed sub-band. However, the CORESET configuration becomes void when LBT fails. In this case, the gNB loses the transmission opportunity and the spectral utilization efficiency decreases.



Fig 2. Possible NR-U CORESET configuration schemes 
In order to mitigate LBT impact on the CORESET configuration while keeps the signaling overhead comparatively small, enhancement on CORESET configuration shall be investigated in NR-U.
Proposal 5: CORESET is configured within 20MHz sub-band in NR-U.

Conclusions
In this contribution, we mainly discuss transmission schemes of the Access Signal in both time and frequency domain and considerations on the NR-U CORESET configuration. Based on the discussion, we have made the following proposals:
Proposal 1: In DC or SA mode, the Access Signal should also include the corresponding RMSI and the additional CSI-RS. The design of the Access Signal should allow both CAT 2 and CAT 4 LBT to be used, where the actual adopted LBT category depends on the configured Access Signal composition, periodicity, and multiplexing pattern.
Proposal 2: The time shifting of the Access Signal in unlicensed band should be considered when LBT failure occurs.
Proposal 3: When the Access Signal consists of the RMSI/CSI-RS, frequency multiplexing the RMSI /CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, when the Access Signal only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement.
Proposal 4: The Access Signal with 60 KHz SCS should be considered for NR unlicensed operation.
Proposal 5: CORESET is configured within 20MHz sub-band in NR-U.
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