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1	Introduction
In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
In this contribution we discuss DL design consideration for NR-U, i.e. discovery reference signal (DRS), control channel (PDCCH), and data channel (PDSCH).
[bookmark: _Ref178064866]2	Discussion
2.1	DL discovery reference signal (DRS)
For procedural aspects of initial access and RRM see our companion paper [2].
When operating in unlicensed spectrum it is important to minimize always on transmissions and to concentrate them in time as much as possible. Minimizing always on transmissions reduces interference both within a network and towards other networks. Concentrating transmissions in time instead of spreading them out has the benefit that the number of times a node needs to contend for the medium is minimized.
[bookmark: _Ref481497456][bookmark: _Toc513749278]For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.

To this end, 3GPP introduced a Discovery Reference Signal (DRS) in Rel-13 LAA. The Rel-13 DRS can be seen as a grouping of the already existing LTE signals PSS, SSS, CRS and CSI-RS. The same reasoning that lead to the introduction of a DRS in Rel-13 LAA can also be applied to NR when operating in unlicensed spectrum (NR-U). Introducing a concept like the Rel-13 Discovery Reference Signal in NR allows channel access rules to be specified for the set or group of signals/channels that the DRS is composed of, instead of doing it for each signal/channel individually. Note that this does not imply introducing new signals/channels but rather to introduce a grouping of them with a potentially different interpretation of some of the configurations. In addition, it allows for the specification of a time/frequency domain structure suitable for unlicensed spectrum, for example avoiding transmission gaps within the DRS. Thus, we make the following proposal:
[bookmark: _Toc510767968][bookmark: _Toc513749267]For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
For a UE to perform initial access, RRM measurements and radio link monitoring, it requires the gNB to transmit at least one SS/PBCH block and RMSI (SIB1). In addition, to make full use of the RRM measurement and radio link monitoring framework specified in NR, CSI-RS also need to be transmitted. Considering Observation 1, it is preferable if all these signals are transmitted close in time to each other and with the same channel access rules. Thus, to facilitate initial access, IDLE/INACTIVE/CONNECTED mode mobility and radio link monitoring in NR-U we make the following proposal:
[bookmark: _Toc510767969][bookmark: _Toc513749268]The NR-DRS consists at least of:
- One or multiple SS/PBCH Block(s)
- SIB1 carried by PDSCH
- (Optionally) CSI-RS resources for the purpose of RRM measurements and RLM

For UEs in IDLE/INACTIVE mode monitoring paging, it is beneficial from a power consumption point of view if the paging message is transmitted close in time to the NR-DRS. Thus, for full scheduling flexibility and given sufficient time/frequency resources are available it is beneficial if NR-U supports multiplexing of NR-DRS and paging. Allowing multiplexing of paging and the NR-DRS is also in line with Observation 1. We thus make the following proposal: 
[bookmark: _Toc513749269][bookmark: _Toc510767970]Study how to support multiplexing of NR-DRS and paging. 

NR supports the following SS/PBCH Block periods {5, 10, 20, 40, 80, 160} ms [3]. In Rel-13 LAA the supported DRS periodicities are 40 ms, 80 ms and 160 ms, thus considering Observation 1 we make the following proposal: 
[bookmark: _Toc510767971][bookmark: _Toc513749270]Support NR-DRS periodicities of [40 ms, 80 ms and 160 ms].


2.3	DL control channel (PDCCH) and data channel (PDSCH)
In 3GPP NR R15 for licensed operation, downlink control information (DCI) is received over the physical layer downlink control channel (PDCCH). A PDCCH candidate is searched within a common or UE-specific search space which is mapped to a set of time and frequency resources referred to as a control resource set (CORESET). The search spaces within which PDCCH candidates must be monitored are configured to the UE via radio resource control (RRC) signalling. A monitoring periodicity is also configured for different search spaces. In any particular slot the UE may be configured to monitor multiple PDCCH candidates in multiple search spaces which may be mapped to one or more CORESETs. PDCCH candidates may need to be monitored multiple times in a slot, once every slot or once in multiple slots. There are two kinds of transmission: Type A PDSCH mapping and Type B PDSCH mapping (formerly called mini-slots) that can be started in any OFDM symbol in a slot and have length of 2, 4 or 7 OFDM symbols. Namely, NR supports multiple starting positions for PDCCH and its scheduled PDSCH transmission by using Type-B PDSCH mapping.
This will be very helpful for NR unlicensed nodes to get access to the channel. By using Type B PDSCH mapping, an NR unlicensed UE will have better performance in contending for an unlicensed channel based on an LBT procedure due to the finer time granularity. Besides, NR supports variable length of PDSCH which enables partial slot data transmission. One example is shown in Figure 1: gNB performs LBT and starts data transmission by using Type B PDSCH mapping in the middle of slot n immediately after LBT succeeds. In succeeding slots (i.e. slot n+1, n+2, n+3) within the TXOP, gNB switches to Type A PDSCH mapping transmission to save overhead. To match one TXOP requirement (e.g. 4ms) or burst length, the last slot is partial slot transmission which is already supported by Type A PDSCH mapping in NR R15.
  
 [image: ]
[bookmark: _Ref513644164]Figure 1	Example for NR-U PDSCH transmission at gNB side and PDCCH monitoring at UE side
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc509923396][bookmark: _Toc513749279]NR-U could support any start and end symbol transmission within one slot by proper configuration following NR Rel-15 Specifications.

In order to achieve observation 2, UEs need to monitor the control region for Type B PDSCH mapping more frequently, e.g. every two symbols in Figure 1. However, according to current NR R15 spec, UE needs to perform the same PDCCH monitoring pattern for Type B mapping even if the transmissions switch to type A, e.g. every 2 symbols in slot n+1, n+2 and etc. This is useful for URLLC traffic in regular NR but for NR-U UEs this is costly and a waste in terms of complexity and power consumption. To solve this problem, a NR-U UE without URLLC traffic could be configured with two PDCCH monitoring patterns, one is based on Type A mapping and the other is based on Type B mapping. When data transmission switches to Type A, monitoring pattern based on Type A is activated. When the transmission burst ends and there is still data to this UE, monitoring pattern based on Type B is activated.  
[image: ]
Figure 2      Example for switch between two PDCCH monitoring patterns	
[bookmark: _Toc513647547][bookmark: _Toc513649416][bookmark: _Toc513649464][bookmark: _Toc513647548][bookmark: _Toc513649417][bookmark: _Toc513649465][bookmark: _Toc513647549][bookmark: _Toc513649418][bookmark: _Toc513649466][bookmark: _Toc513647550][bookmark: _Toc513649419][bookmark: _Toc513649467][bookmark: _Toc513647551][bookmark: _Toc513649420][bookmark: _Toc513649468][bookmark: _Toc513490050][bookmark: _Toc513749276]Support fast switching between multiple configured PDCCH monitoring patterns.

Once gNB starts transmission, other unscheduled UEs may be configured with frequent PDCCH monitoring patterns based on PDSCH type B as well. This is also costly and a waste in terms of complexity and power consumption for these un-scheduled UEs. To help these UEs determine how to monitor PDCCH for saving power, gNB needs to indicate the PDSCH transmission information to them. Thus, we make the following proposal:  
[bookmark: _Toc513749277]Study potential enhancements to signalling needed to indicate PDSCH transmission information to help unscheduled UEs save power.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.
Observation 2	NR-U could support any start and end symbol transmission within one slot by proper configuration following NR Rel-15 Specifications.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
Proposal 2	The NR-DRS consists at least of: - One or multiple SS/PBCH Block(s) - SIB1 carried by PDSCH - (Optionally) CSI-RS resources for the purpose of RRM measurements and RLM
Proposal 3	Study how to support multiplexing of NR-DRS and paging.
Proposal 4	Support NR-DRS periodicities of [40 ms, 80 ms and 160 ms].
Proposal 5	Support fast switching between multiple configured PDCCH monitoring patterns.
Proposal 6	Study potential enhancements to signalling needed to indicate PDSCH transmission information to help unscheduled UEs save power.
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