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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK1]The SID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. 
In RAN1 #94 meeting [2], the following agreements have been reached for NR-U：
Agreement:
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
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
In this contribution, we discuss potential DL reference signals and physical layer channels design for NR-U in below 7 GHz, including SS/PBCH block, wake-up-like signal, and PDCCH monitoring.
 DL reference signals and physical channels design
 SS/PBCH block
The SS/PBCH block specified in Rel-15 NR licensed band includes PSS, SSS, and PBCH associated with DM-RS, which occupies four OFDM symbols in time domain and 240 resource elements/20 PRBs in frequency domain. PSS/SSS can be used for cell search and time/frequency synchronization. PBCH carrying MIB is used to transfer master system information such as SFN, subcarrier spacing for SIB1 and Msg. 2/4, subcarrier offset, PDCCH configuration for SIB1, etc. Besides, SSS can also be used for L3 RRM measurement for mobility, and L1-RSRP measurement for beam management. DM-RS is used for PBCH demodulation and SS/PBCH block index determination. For NR-U, in addition to support SS/PBCH burst set in one contiguous burst, it has also been supported that NR-U DRS can include the CSI-RS, RMSI-CORESET(s), PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s), OSI and Paging.
In order to better support SS/PBCH block transmission in NR-U carrier, some regulation requirements (e.g., LBT and OCB etc.) and enhancement need to be satisfied. The details are as follows:
· SS/PBCH block transmission in time domain
Due to LBT, the transmission of NR-U SS/PBCH block may not appear as the configured periodicity. This will affecting the detection performance at the UE. Therefore, SS/PBCH block transmission in time domain should be enhanced, multiple SS/PBCH block transmission method are as follows:
Option1: Introduce SS/PBCH block transmission group with the same beam in the half frame window
For multiple SS/PBCH block transmission without gap case (e.g., SS/PBCH blocks in Case B for FR1 as shown in Figure1), if LBT is performed before each SS/PBCH block transmission, then it will cause some SS/PBCH block transmission lost due to no gaps between two SS/PBCH blocks to perform LBT operation. Based on this, one LBT can be performed before multiple SS/PBCH blocks (or SS/PBCH block group) are transmitted and each SS/PBCH block in SS/PBCH block group with the same beam. This is beneficial for decreasing LBT overhead and improving SS/PBCH transmission opportunities.


Figure 1. SS/PBCH block mapping patterns within 1ms in the band f<= 7GHz
Option2: Introduce gap between two SS/PBCH blocks with different beam in the half frame window
Different form option1, for multiple SS/PBCH blocks transmission with different beams (e.g. one candidate SS/PBCH block for one beam), then the gap should be introduced for each SS/PBCH blocks in order to perform LBT operation for beam switch. More details on LBT for SS/PBCH block transmission with beam can be referred to our companion contribution [3]. Based on the above analysis, at least for Case B in Figure1, we need to consider design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam.
Option3: Configure double periodicities for SS/PBCH block burst set, including long and short periodicity
As shown in Figure 2, long and short periodicity are respectively configured as 80 ms and 20 ms. The SS/PBCH block burst set over short periodicity are used to increase SS/PBCH block transmission opportunities when the SS/PBCH block at long periodicity occasion fails. If SS/PBCH block at long periodicity occasion is successfully transmitted, NR-U gNB can skip the following short periodicity occasions until the next long periodicity occasion. In other words, in a (long) period, there can be multiple candidates for SS/PBCH block burst sets or multiple half-frame windows. If the SS/PBCH block for one beam is sent successfully in one set or one window during this period, then next candidate SS/PBCH block for transmission will jump to the next (long) period. Furthermore, the method for increasing SS/PBCH block transmission opportunities in a half frame window and the method for increasing SS/PBCH block transmission opportunities in a burst set periodicity can be used in combination.


Figure 2. Candidate half-frame windows in a periodicity
Proposal 1: In order to increase transmission opportunities, the following options can be considered:
· Introduce SS/PBCH block transmission group with the same beam in the half frame window.
· Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window.
· Configure double periodicities for SS/PBCH block burst set.
· SS/PBCH block transmission in frequency domain
According to ETSI regulation in 5 GHz band [4], the Occupied Channel Bandwidth (OCB), defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB).The OCBs of an SS/PBCH block with subcarrier spacing 15 KHz, 30 KHz are equal to 3.6 MHz, 7.2 MHz respectively. Take an SS/PBCH block with subcarrier spacing 15 KHz in 5 GHz band as an example, it is almost impossible to meet the OCB requirements since system/nominal bandwidth in most cases would be greater than 5 MHz. 
Based on the above discussion, in order to meet OCB regulation requirements for SS/PBCH block, the following method can be considered:
Option1: Repeat the SS/PBCH transmission in frequency domain.


Figure 3. FDM Multiplexing between SS/PBCH Blocks
Option2: Reuse SS/PBCH block and RMSI CORESET/PDSCH Multiplexing pattern 2/3.
According to the latest RAN1 #94 meeting conclusion, it has been supported that SS/PBCH block can be multiplexed with RMSI-CORESET(s) and PDSCH(s) (carrying RMSI). Based on this, frequency multiplexing of the RMSI CORESET/PDSCH with SS/PBCH block(s), as illustrated as Pattern 2/3 in Figure4, can be considered to meet the OCB requirement in sub 7GHz. 


Figure 4. FDM Multiplexing patterns of SS/PBCH and RMSI transmission
Option3: SS/PBCH block and CSI-RS Multiplexing in frequency domain
According to the latest RAN1 #94 meeting conclusion, it has been supported that SS/PBCH block can be multiplexed with CSI-RS, which is useful to meet the OCB requirement in sub 7GHz. But this will reduce the CSI-RS configuration flexibility, and if CSI-RS is not configured to any UE for beam management or CSI reporting, then the transmitted CSI-RS could be meaningless.
However, from another point of view of ETSI regulation requirements, the problem of the OCB regulation requirements for SS/PBCH block can also be ignored, since ETSI EN 301 893V2.1.1 complements the following case under the above rules: during a COT (channel occupancy time), an equipment may operate temporarily with an OCB of less than 80% of its NCB with a minimum of 2 MHz.
Proposal 2: To meet OCB regulation requirements, the following method can be considered:
· Repeat the SS/PBCH transmission in frequency domain.
· Reuse SS/PBCH block and RMSI CORESET/PDSCH Multiplexing pattern 2/3.
· SS/PBCH block and CSI-RS Multiplexing in frequency domain.
· LBT category for SS/PBCH block transmission
According to regulation requirement in unlicensed carrier, LBT operation needs to be performed before SS/PBCH block transmission. If LBT failure occurs, SS/PBCH block may not be transmitted in time, which will result in large delay or failure of initial access for UE, as well as measurement performance degradation. On top of that, due to the duration with four symbols for each SS/PBCH block that is even less than DRS in LAA, so it should access the channel with higher priority, e.g., fast LBT such as Cat 2 LBT with a fixed/short sensing interval.
Proposal 3: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.
 PDCCH monitoring
In NR, the PDCCH monitoring information per search space is configured via RRC. Such as PDCCH monitoring periodicity, offset and symbols for PDCCH monitoring in the slots. For the first slot of the COT, if small monitoring periodicity is configured, then NR unlicensed systems will have better performance due to the finer time granularity for PDCCH transmission. From the second slot of the COT, the PDCCH monitoring granularity can get bigger, such as slot-level PDCCH monitoring can be performed for UE complexity and power consumption reduction. This approach provides more flexibility, and saving power. One example is shown in Figure 5:

Figure 5. PDCCH monitoring pattern in a COT
In current Rel-15 specification, UE needs to perform the same PDCCH monitoring pattern configured by RRC. In order to have different PDCCH monitoring patterns for the COT, some enhancement for PDCCH monitoring configuration should be considered.  For example, after the first slot of detected DL transmission burst, the PDCCH monitoring pattern should be changed.
Proposal 4: different PDCCH monitoring patterns can be performed for the first slot of the COT and the remaining slot of the COT.
 Wake-up-like signal
As discussed in section 2.3, monitoring PDCCH transmission on UE side would be challenged and power-consuming when the PDCCH transmission is opportunistic due to LBT in NR-U. Therefore, we should consider how to reduce the power consumption of PDCCH monitoring. And transmitting a signal as a wake-up signal prior to PDCCH transmission can be considered for this purpose and reduce the impact of allowing multiple start locations for a TxOP.  In addition, wake-up-like signal can also be used for channel occupancy and carrying some necessary information. 

In Rel-13 LTE LAA, initial signal had been discussed and reached some agreements/conclusions. For example, initial signal (SSS/PSS) transmitted before the first data/control OFDM symbol of the DL transmission burst can be used as detecting DL burst transmission. This function is the same as the wake-up-like signal which can facilitate transmission burst acquisition and then other benefits such as UE power saving can also achieved. 
Furthermore, for this signal design, PSS/SSS, or preamble can be considered as part of this signal. For preamble, we think ZC sequence based which is used in LTE/NR PRACH is more suitable compared with the preamble used in WiFi. Because the preamble in WiFi is constructed of a training sequence and control information which cannot be identified by LAA/NR-U. Besides the the duration of the WiFi preamble does not fit perfectly in the NR numerology. And the ZC sequence based design for this signal is more easily realized and detection complexity can be reduced.
Proposal 5: a signal (e.g., wake-up-like signal) transmitted before the first data/control OFDM symbol of the DL transmission burst can be constructed of PSS/SSS or PRACH preamble.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992] Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U DL reference signal design and physical channel design, and have the following proposals:
Proposal 1: In order to increase transmission opportunities, the following options can be considered:
· Introduce SS/PBCH block transmission group with the same beam in the half frame window.
· Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window.
· Configure double periodicities for SS/PBCH block burst set.
Propose 2: To meet OCB regulation requirements, the following method can be considered:
· Repeat the SS/PBCH transmission in frequency domain.
· Reuse SS/PBCH block and RMSI CORESET/PDSCH Multiplexing pattern2/3.
· SS/PBCH block and CSI-RS Multiplexing in frequency domain.
Proposal 3: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/ short sensing interval.
Proposal 4: different PDCCH monitoring patterns can be performed for the first slot of the COT and the remaining slot of the COT.
[bookmark: _GoBack]Proposal 5: a signal (e.g., wake-up-like signal) transmitted before the first data/control OFDM symbol of the DL transmission burst can be constructed of PSS/SSS or PRACH preamble.
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