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1. Introduction
[bookmark: _GoBack]In this contribution, we discuss the design on the downlink physical channels for NR-U operation. Firstly, in Section 2 we discuss the design of NR-U discovery reference signal (NR-U DRS). Secondly, in Section 3 we discuss the detection of downlink transmission in NR-U. Finally in Section 4 we discuss how to monitor the CORESET for the channel with wider bandwidth in NR-U.
2. DRS structure
In this sub-section, we address some design aspects of the NR-U DRS that contains SS/PBCH block burst set transmission.  
	Agreement: (RAN1 #94)
· 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.



In NR licensed operation, there are three patterns to multiplex SSB and RMSI transmissions as shown in Figure 1. Note the number of PRBs for SS/PBCH blocks is 20 while the minimum number of PRBs for RMSI is 24. With a 20MHz bandwidth in mind, the OCB requirement can be easily met when the numerology of SSB and RMSI is 60kHz. By this choice of numerology, SS/PBCH blocks can meet the OCB requirement on its own and no need for multiplexing with other signals in a FDM manner. Hence, Pattern 1 in Figure 1 can be considered for NR-U at least for the sub-7GHz frequency range.  By the TDM multiplexing method in Pattern 1, RMSI provides a way to create consecutive transmissions in between SS/PBCH blocks over the time span of DRS. Transmission gaps in between SS/PBCH blocks should be avoided so that gNB is not at risk of losing channel access during the time span of NR-U DRS transmission. 
[bookmark: _Ref521510584][bookmark: _Ref521510594]Observation 1: With SCS=60kHz, both SS/PBCH transmission and RMSI transmission can meet the OCB requirement.
[bookmark: _Ref525975249]Observation 2: When multiplexed in a TDM manner with SS/PBCH, RMSI provides a way to create consecutive transmissions over the time span of DRS.  

[image: ]
[bookmark: _Ref506622445]Figure 1: Multiplexing patterns of SS/PBCH and RMSI transmission
On the contrary, if SCS is selected to 30kHz, the occupancy bandwidth of SS/PBCH blocks is only about 40% of a 20Mhz bandwidth. In this way, a FDM multiplexing pattern, e.g. Pattern 2 or Pattern 3, is preferred over Pattern 1 in the OCB requirement aspect. When RMSI is multiplexed with SS/PBCH blocks by Pattern 2 or Pattern 3, RMSI may not be able to serve to fill the gaps in between SS/PBCH block transmissions. Therefore, modifications to the FDM multiplexing patterns, especially for Pattern 3, may be needed in order to avoid gaps over the time space of DRS transmission.   
[bookmark: _Ref521510602]Observation 3: With SCS smaller than 60kHz, the FDM multiplexing patterns of SS/PBCH and RMSI transmissions can be considered to meet the OCB requirement. 
[bookmark: _Ref521510611]Observation 4: Modifications to the FDM multiplexing patterns of SS/PBCH and RMSI transmissions may be needed in NR-U to avoid gaps within DRS. 

If paging with PDSCH is transmitted within NR-U DRS and is utilized to meet the OCB requirement or to create consecutive transmission for DRS, then, what replacement does the gNB have when it has no paging messages to send? In NR, paging is used to page UEs or carry notification to UEs for system information change or emergency. For notification, it has been agreed that paging PDCCH is sufficient. This is so called short-message paging where paging PDSCH is not needed. In general, the presence of paging messages in every paging occasion is not guaranteed. With the introduction of short-message paging, the presence of the paging PDSCH is now less guaranteed. Therefore, in our opinion, while paging PDCCHs can be part of NR-U DRS, we should avoid to make paging PDSCHs be part of NR-U DRS unless it has no impact on meeting the OCB requirement and the prevention for transmission gaps.   
[bookmark: _Ref521510632]Observation 5: Paging messages are not always present in every paging occasion.
[bookmark: _Ref525975301]Observation 6: With the introduction of short-message paging in NR, paging PDSCH may appear less often. 
[bookmark: _Ref521510750]Proposal 1: NR-U should avoid make paging PDSCH be part of NR-U DRS. 

In NR-U, since a channel occupancy time (COT) could start at any time, an UE would need to perform frequent PDCCH monitoring, even when there is no DL transmission intended for the UE. To solve this issue, a wake up signal (WUS) could be used in NR-U to wake up the UE only when necessary. The transmission of WUS, however, is also subject to LBT. In order to reduce the LBT overhead, it is logical to embed the WUS in some existing signal (e.g., DRS) that has to be transmitted periodically anyway. Doing so would allow significant UE power saving, while maintain low signaling overhead at the same time.
[bookmark: _Ref525975626]Proposal 2: NR-U supports wake up signal (WUS) as part of DRS.

Finally, since DRS in NR-U includes at least SS/PBCH block transmission, its time duration is hence dependent on the number of SS/PBCH blocks actually transmitted. In NR, a maximum number of SS/PBCH blocks is defined for a frequency range while the number of actually transmitted SS/PBCH blocks is configurable by the network. A similar design can be adopted to NR-U. However, the cell deployment for unlicensed operation is very different from that for licensed operation. For example, the cell sizes supported by licensed operation should cover a very wide range while the cell sizes are often small with unlicensed operation. Therefore, we do not think all the flexibility provided by NR, at the cost of signaling overhead, should be directly adopted by NR-U without any limitation. 
[bookmark: _Ref521510640]Observation 7: The time duration of DRS depends on the number of SS/PBCH blocks. 
[bookmark: _Ref521510760]Proposal 3: RAN1 discusses the numbers of SS/PBCH blocks to be supported in NR-U. 
· FFS: whether the numbers are fixed or configurable
· FFS: whether multiple SSBs in an SSB burst set can be transmitted by the same beam so that intra-SSB-burst-set combination is supported

3. Detection of Downlink Transmission
To ensure fair resource sharing between devices in unlicensed band operation, Listen-Before-Talk (LBT) procedure is adopted as a sharing mechanism for enabling the coexistence between LTE-based LAA/eLAA and Wi-Fi. Therefore, it is reasonable to choose LBT procedure as a start point in NR-U. On the other hand, once a device obtain a downlink transmission opportunity (TXOP) via LBT, the device should transmit PDCCH/PDSCH as early as possible to efficiently utilize the resources. Thus, it is important for NR-U to support a flexible frame structure that enables PDCCH/PDSCH transmission to start at potentially any symbols. Current NR frame structure design is very flexible and can readily be adopted for unlicensed use. Such flexibility allows a device can therefore potentially start its PDCCH/PDSCH transmission at any symbol in a slot once it obtains a downlink TXOP via LBT. However, this flexibility also presents a challenge to the UE to detect the beginning of a downlink transmission. The problem is exacerbated in NR due to the absence of CRS that can be used in LAA for downlink transmission detection.
[bookmark: _Ref525975598]Observation 8: The detection of downlink transmission is a challenging task for the UE for NR-U operation due to the flexible starting point of the transmission opportunity.

A potential solution is to still perform frequent CORESET monitoring to detect the leading PDCCH in a downlink COT, but with a reduced (limited) search space so as to keep the UE’s complexity low. After detection of the beginning of a downlink transmission, the UE can switch to less frequent but more complicated PDCCH monitoring (see Figure 2). Alternatively, the downlink transmission can be preceded by a preamble that can be easily detected by the UE using a correlator (see Figure 3). This way, the initial CORESET monitoring is only triggered by a preamble detection, and the monitoring frequency could be significantly reduced. In addition, the COT structure could also be indicated via the preamble. For DL, this will further reduce the PDCCH monitoring effort, since by knowing the COT structure, the UE could avoid monitoring slots which do not contain PDCCH (e.g., UL only slots). For UL, knowing the COT structure will allow the UE to prepare for possible UL transmissions within the COT. 
[bookmark: _Ref525975645]Proposal 4: NR-U should design an efficient mechanism for a UE to detect the beginning of a downlink transmission by employing a preamble and/or simplifying the detection of the leading PDCCH in a COT.
[bookmark: _Ref525975654]Proposal 5: For COT structure indication, a preamble transmitted at the beginning of a COT can be used.


[bookmark: _Ref510632236]Figure 2: Frequent CORESET monitoring for detecting the beginning of downlink TXOP


[bookmark: _Ref521574041]Figure 3: Preamble for detecting the beginning of downlink TXOP
4. Conclusion
In summary, we have the following observations:
Observation 1: With SCS=60kHz, both SS/PBCH transmission and RMSI transmission can meet the OCB requirement.
Observation 2: When multiplexed in a TDM manner with SS/PBCH, RMSI provides a way to create consecutive transmissions over the time span of DRS.
Observation 3: With SCS smaller than 60kHz, the FDM multiplexing patterns of SS/PBCH and RMSI transmissions can be considered to meet the OCB requirement.
Observation 4: Modifications to the FDM multiplexing patterns of SS/PBCH and RMSI transmissions may be needed in NR-U to avoid gaps within DRS.
Observation 5: Paging messages are not always present in every paging occasion.
Observation 6: With the introduction of short-message paging in NR, paging PDSCH may appear less often.
Observation 7: The time duration of DRS depends on the number of SS/PBCH blocks.
Observation 8: The detection of downlink transmission is a challenging task for the UE for NR-U operation due to the flexible starting point of the transmission opportunity.

Based on the observation, we have the following proposals. 
Proposal 1: NR-U should avoid make paging PDSCH be part of NR-U DRS.
Proposal 2: NR-U supports wake up signal (WUS) as part of DRS.
Proposal 3: RAN1 discusses the numbers of SS/PBCH blocks to be supported in NR-U.
Proposal 4: NR-U should design an efficient mechanism for a UE to detect the beginning of a downlink transmission by employing a preamble and/or simplifying the detection of the leading PDCCH in a COT.
Proposal 5: For COT structure indication, a preamble transmitted at the beginning of a COT can be used.
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