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1	Introduction
In RAN1#93 [1], the following agreements for NR-U were made:
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

[bookmark: _GoBack]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: _Toc521661096]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. 
In RAN1#93 it was agreed to introduce a signal that contains at least SS/PBCH block burst, whereas the inclusion of other signals is FFS. To simply discussions we propose to give this signal the name DRS.
[bookmark: _Toc521660956]Name the signal containing at least SS/PBCH block burst transmissions Discovery Reference Signal (DRS).
In RAN1#93 it was agreed that the inclusion of other signals in the DRS is FSS. Here we give our view on which other signals that should be included. For a UE to perform initial access it requires the gNB to transmit at least one SS/PBCH block and SIB1. For cells not intended for initial access the gNB has the option of not transmitting SIB1. However, for a UE to be able to report the CGI (CellGlobalIdNR), transmission of SIB1 is required. When operating in unlicensed spectrum having the ability to request UEs to report CGI is an essential feature to resolve e.g. PCI conflicts. Thus, we think that even cells not intended for initial access shall transmit SIB1. 
[bookmark: _Toc521661097]To allow UE reporting of CGI, transmission of SIB1 is required.
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. In RAN1#93 it was agreed that there should be no time gaps within the DRS and that it is desirable if the occupied channel bandwidth requirement is fulfilled, even if it may not be a requirement. Thus, to facilitate initial access, CGI reporting, IDLE/INACTIVE/CONNECTED mode mobility and radio link monitoring in NR-U we make the following proposal:
[bookmark: _Toc521660957]The 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
To allow efficient multiplexing of SS/PBCH blocks and SIB we think that FDM of SS/PBCH and SIB1 needs to be supported for NR-U in also in FR1.
[bookmark: _Toc521660958]Support FDM of SS/PBCH blocks and SIB1 for NR-U also in FR1.

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: _Toc521660959]Support DRS periodicities of [40 ms, 80 ms and 160 ms].

Similar to LTE-LAA, and to guarantee a performance at least as good as the one achieved by LTE-LAA, DRS should be allowed the same channel access rules as in LTE-LAA; DRS without user specific PDSCH within the DMTC follows a single idle observation interval of at least 25 us as long as the total duration of the DL transmission burst is no longer than 1 ms.
[bookmark: _Toc521660960]DRS should be allowed the same channel access rules as in LTE-LAA
a. [bookmark: _Toc521660961]A single idle sensing interval is used for the LBT procedure prior to transmission of the DRS without user specific PDSCH that has a duration shorter than 1ms.

In many parts of the world the regulation for unlicensed bands include EIRP limits. Because the beamforming gain is included in the EIRP, using beamforming to increase coverage might not be feasible (assuming the device is able to reach maximum output power with omni-directional transmissions). However, in general beamforming can also be used to reduce interference. As discussed in [2] NR supports that the UE indicates the best SS/PBCH block to the gNB using the RACH procedure. This information can then be used in the gNB precoder selection, allowing the gNB to reduce interference for upcoming beamformed PDSCH transmissions. Thus, we think that even for the cases where SS/PBCH block coverage cannot be improved by beamforming, supporting beamformed SS/PBCH blocks has other merits. Thus, we see no reason to restrict this for NR-U.
[bookmark: _Toc521661098]NR supports beamformed SS/PBCH block transmissions and thus we see no reason to restrict this for NR-U.
One example of a potential DRS composition for 30kHz subcarrier spacing is shown in Figure 2. The length is restricted to 1 ms to be able to reuse the LAA-DRS channel access rules. Because the PDCCH search space repeats every 7 OS, LBT can be attempted every half-slot. In the figure, SSBX (Y) denotes an SS/PBCH block with index X and effective SS/PBCH block index Y as discussed in [2]. In this example, the DRS is time shifted by a half slot due to LBT failure at the beginning of the first slot. As discussed in [2], the effective index Y allows the UE to determine which SS/PBCH block from one DRS burst to another that are QCL’d, even though the SS/PBCH block indices X may be different from burst to burst.
 [image: ]
Figure 1: Example of a potential DRS composition for 30kHz subcarrier spacing.
To improve robustness of the SIB1 transmission it is desirable to enable soft combining of the different redundancy versions. In this example RV0 and RV3 has been chosen as they are self-decodable.
[bookmark: _Toc521661099]Using Rel-15 NR mechanisms the UE can soft combine different SIB1 redundancy versions in the DRS.
2.1.2 Paging
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 DRS. Thus, for full scheduling flexibility and given sufficient time/frequency resources are available it is beneficial if NR-U supports multiplexing of DRS and paging. Note that Rel-15 NR already supports multiplexing of paging and SIB1. Allowing multiplexing of paging and the DRS is also in line with Observation 1. We thus make the following proposal: 
[bookmark: _Toc521660962]Support multiplexing of NR-DRS and paging. 


2.2	PDCCH/PDSCH design
In RAN1#92bis, it was agreed that “NR-U supports both Type-A and Type-B mapping, and “Additional starting positions and durations are not precluded”. Based on existing DL design in NR licensed, the following topics are discussed and analyzed for NR unlicensed operation:
•	PDCCH monitoring;
•	DL transmission identification.

2.2.1	PDCCH monitoring:
In NR, the PDCCH monitoring information per search space is configured via RRC. For each configured search space, the following parameters are included:
· monitoringSlotPeriodicityAndOffset: Slots for PDCCH Monitoring configured as periodicity and offset
· monitoringSymbolsWithinSlot: Symbols for PDCCH monitoring in the slots configured for PDCCH monitoring. The field is a bit map of 14 symbols. The most significant (left) bit represents the first OFDM in a slot. The least significant (right) bit represents the last symbol.

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. This will be very helpful for NR unlicensed nodes to get access to the channel. By using Type B PDSCH mapping, NR unlicensed systems will have better performance in contending for an unlicensed channel based on an LBT procedure due to the finer time granularity. In order to save PDCCH and DM-RS overhead, gNB may use Type B PDSCH first to align the ending position of slot boundary and then switches to type A PDSCH 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: ]
Figure 1	Example for NR-U PDSCH transmission at gNB side and PDCCH monitoring at UE side
[bookmark: _Toc521661100]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. 
In this section we provide possible alternative to reduce PDCCH monitoring and thereby minimize the UE power consumption issue. 
As a first alternative, 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	
As a second alternative, once gNB initiate the COT, the gNB may indicate additional PDCCH monitoring information to the UEs via dynamic signalling. This will allow the gNB to exclude dynamically some RRC configured PDCCH occasions. Unlike configuring multiple PDCCH monitoring patterns on RRC, this approach provides more flexibility, and suitable even for UE’s with latency critical traffic.

[bookmark: _Toc521660963]Support dynamic indication of PDCCH monitoring information to the UE in addition to the existing RRC configuration.

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. For example, gNB may indicate for non-scheduled UEs to skip monitoring PDCCH for one or more slots. 
[bookmark: _Toc521503146][bookmark: _Toc521660569][bookmark: _Toc521660635][bookmark: _Toc521660672][bookmark: _Toc521660731][bookmark: _Toc521660777][bookmark: _Toc521660889][bookmark: _Toc521660943][bookmark: _Toc521660964][bookmark: _Toc521503028][bookmark: _Toc521503147][bookmark: _Toc521660570][bookmark: _Toc521660636][bookmark: _Toc521660673][bookmark: _Toc521660732][bookmark: _Toc521660778][bookmark: _Toc521660890][bookmark: _Toc521660944][bookmark: _Toc521660965][bookmark: _Toc521660966]Study how to dynamically signal to non-scheduled UEs to skip monitoring PDCCH.     
2.2.2	DL transmission identification
DL transmission identification is to detect DL transmission in a particular slot for one UE, which is also discussed in NR licensed and not an unlicensed specific issue. The basic rule for NR-U design is to follow licensed design so there is no need to study this in NR-U SI. Besides, DL transmission identification is performed at UE side and could be done via some implementation-based approach. For example, PDCCH DM-RS in the beginning of DL transmission can be used to identify if there is DL transmission or not. This method depends on UE’s implementation choice and doesn’t have impact on NR-U standardization. Besides, SFI or an enhanced version of the SFI can serve the same purpose. Based on this, the following proposal is made:
[bookmark: _Toc521660967]Studying DL transmission identification is not needed in NR-U SI which could rely on licensed design or implementation-based approach.
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	To allow UE reporting of CGI, transmission of SIB1 is required.
Observation 3	NR supports beamformed SS/PBCH block transmissions and thus we see no reason to restrict this for NR-U.
Observation 4	Using Rel-15 NR mechanisms the UE can soft combine different SIB1 redundancy versions in the DRS.
Observation 5	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	Name the signal containing at least SS/PBCH block burst transmissions Discovery Reference Signal (DRS).
Proposal 2	The 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	Support FDM of SS/PBCH blocks and SIB1 for NR-U also in FR1.
Proposal 4	Support DRS periodicities of [40 ms, 80 ms and 160 ms].
Proposal 5	DRS should be allowed the same channel access rules as in LTE-LAA
a.	A single idle sensing interval is used for the LBT procedure prior to transmission of the DRS without user specific PDSCH that has a duration shorter than 1ms.
Proposal 6	Support multiplexing of NR-DRS and paging. 
Proposal 7	Support dynamic indication of PDCCH monitoring information to the UE in addition to the existing RRC configuration.
Proposal 8	Study how to dynamically signal to non-scheduled UEs to skip monitoring PDCCH.
Proposal 9	Studying DL transmission identification is not needed in NR-U SI which could rely on licensed design or implementation-based approach.
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