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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
· [bookmark: _GoBack]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

In RAN1#94 [2], the following agreements for NR-U were made:
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.
In this contribution we discuss DL design consideration for NR-U, i.e. NR-U discovery reference signal (NR-U 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 [3].
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: _Toc525927956]For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.
In RAN1#94 it was agreed that inclusion of CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) in the NR-U DRS is beneficial. In this section we further discuss transmission periodicities and ways of achieving efficient multiplexing of SS/PBCH block(s) and RMSI. 
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: _Toc525927961]Support NR-U DRS periodicities of [40 ms, 80 ms and 160 ms].
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 [3] 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: _Toc525927957]NR supports beamformed SS/PBCH block transmissions and thus we see no reason to restrict this for NR-U.
One example of a potential compact DRS composition for 30kHz subcarrier spacing is shown in Figure 1. The length is restricted to 1 ms to be able to reuse the LAA-DRS channel access rules. Because a PDCCH search space occurs every 7 OS (see discussion in next section), 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 [3]. 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 [3], 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 actual signaled block indices X may be different from burst to burst because of potential time shifting due to LBT failure.
 [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: _Toc525927958]Using Rel-15 NR mechanisms, the UE can soft combine different SIB1 redundancy versions in the DRS.
2.1.1 NR-U DRS and RMSI Multiplexing
In RAN1#94 it was agreed that inclusion of RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) in the NR-U DRS is beneficial. In this section we discuss changes needed to Rel-15 NR to accomplish this in an efficient way and in particular we provide example configurations realizing the NR-U DRS depicted in Figure 1.
The UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of the Type0-PDCCH common search space from the four most significant bits of pdcch-ConfigSIB1 (included in the MasterInformationBlock) as described in Tables 13-1 through 13-10 in 38.213. The UE determines PDCCH monitoring occasions from the four least significant bits of pdcch-ConfigSIB1, included in MasterInformationBlock. Assuming 30 kHz sub-carrier spacing for both SS/PBCH block and PDCCH and a channel bandwidth of 20 MHz, the configurations in Table 13-4 are applicable. Using e.g. index 11 the CORESET would be 48 RBs wide in frequency, one symbol long in time and the SS/PBCH block would be centered in the middle of the CORESET as illustrated in Figure 1. 
Next, turn to the parameters for PDCCH monitoring occasions in Table 13-11 in 38.213. To achieve a compact NR-U DRS design is preferable if the PDCCH is located in the same slot as the corresponding SS/PBCH block. Thus, using a configuration (such as index 1) with O=0 and 2 search space sets per slot can achieve this. However, in Table 13-11 all configurations have the second PDCCH monitoring occasion starting in the symbol after the first PDCCH monitoring occasion. Thus, to allow the PDCCH to be placed in the eighth symbol as shown in Figure 1 some minor modifications to the configurations would be needed.
[bookmark: _Toc525927962]For NR-U, the SS/PBCH - CORESET multiplexing Pattern 1 is feasible for designing a compact DRS pattern in time in which RMSI CORESET, PDSCH carrying RMSI, and an SS/PBCH block burst set are multiplexed by means of a combination of FDM and TDM. 
[bookmark: _Toc525927963]Introduce at least one additional configuration for NR-U with the second PDCCH monitoring occasion in the Type0-PDCCH common search space placed at the 8th symbol in a slot, rather than the 2nd/3rd symbol.

In NR Rel-15, when receiving the PDSCH scheduled with SI-RNTI in PDCCH-Type0 common search space, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH. This assumption restricts the multiplexing possibilities between SS/PBCH blocks and PDSCH carrying RMSI. Thus, we propose to modify this assumption for the NR-U DRS.
[bookmark: _Toc525927964]To allow a combination of FDM and TDM multiplexing of SS/PBCH block and PDSCH carrying RMSI, revisit the assumption that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH scheduled by SI-RNTI
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 (in addition to the Rel-15 NR paging mechanisms) 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: _Toc525927965]Support (in addition to the Rel-15 NR paging mechanisms) multiplexing of NR-DRS and paging for cases where sufficient time/frequency resources are available. 
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 analysed for NR unlicensed operation:
•	DL transmission identification;
·     PDCCH monitoring.
2.2.1	DL Transmission Identification
DL transmission identification may be used by the UE to detect that there is a DL transmission in a particular slot before starting blind PDCCH decoding. This is an implementation choice for the UE and such transmission identification procedures could be used to save power. In LAA, CRS can potentially be used to serve this purpose. While NR doesn’t have a signal such as the CRS, other existing signals could be used after specific design. Particularly, each RRC connected UE could be configured with the same Type3-PDCCH common search space set, where the associated CORESET spans one LBT unit of 20MHz. At the same time, the number of PDCCH candidates could be configured as one in this group-common PDCCH to make the DM-RS position fixed in the frequency domain which would minimize blind searching. Under the assumption that a GC-PDCCH is always transmitted in every PDCCH monitoring occasion for a UE, the following behaviour could be adopted by the UE by implementation if such behaviour can lead to power savings given the UE’s implementation: the UE first detects if DM-RS of GC-PDCCH exists in a configured Type3-PDCCH common search space. Second, if the DMRS is detected, the UE performs further PDCCH monitoring. Otherwise it continues to monitor DM-RS only in the next configured occasion.
[bookmark: _Toc525720713][bookmark: _Toc525927959]DM-RS of Group-Common PDCCH can be used for DL transmission identification by the UE.
2.2.2	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 (leftmost) bit represents the first OFDM symbol in a slot. The least significant (rightmost) bit represents the last symbol.

Type B PDSCH mapping (formerly called mini-slots) can be started in any OFDM symbol in a slot and can 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 potentially better performance due to the finer time granularity for data transmissions, especially at higher loads. In order to save PDCCH and DM-RS overhead, the gNB may use Type B PDSCH first to schedule up to a slot boundary and then switch to type A PDSCH transmissions for subsequent slots. An example is shown in Figure 1: the 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, the gNB switches to Type A PDSCH mapping transmission to save overhead. To match TXOP requirements, the last slot may need to be a partial slot transmission which is already supported by Type A PDSCH mapping in NR Rel-15 through signalling of start and length indication value (SLIV).
[image: ]
Figure 2	Example of NR-U PDSCH and PDCCH transmissions and UE PDCCH monitoring.  
[bookmark: _Toc525720707][bookmark: _Toc525927960]With NR Rel-15 specifications, NR-U already supports flexible start and end symbol transmission within a slot.
In order to achieve such adaptation of the monitoring frequency, 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 Rel-15 specifications, UEs that are not scheduled need to perform the same PDCCH monitoring pattern for Type B mapping even if the gNB 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.
One possible approach to minimize UE power consumption could be as follows: once the gNB initiates the COT, the gNB may indicate additional PDCCH monitoring information to the UEs via dynamic signalling sent in a group common message. This will allow the gNB to dynamically exclude some RRC configured PDCCH occasions in a flexible manner depending on the length of the transmission burst.
[bookmark: _Toc525720714][bookmark: _Toc525927966]Support dynamic indication of PDCCH monitoring information to the UE in addition to the existing RRC configuration.
[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]Other approaches for power saving while performing PDCCH monitoring have been discussed in NR in general. For Rel-16, there is a new SI [5] to consider mechanisms such as wake-up signals to enable the UE to be in DRX for a greater portion of time when in CONNECTED mode. To ensure quality of service, a UE in DRX can be quickly pulled back into active time with the use of such a wake-up signal. Such a mechanism will also benefit NR operations in unlicensed spectrum. An NR-U system can incorporate such mechanisms when they are standardized. Since this Rel-16 work is in parallel to the NR-U SI, such designs targeting UEs in DRX need not be further discussed in the NR-U SI to avoid duplicated work in 3GPP.
[bookmark: _Toc521718657][bookmark: _Hlk525843827][bookmark: _Toc525927967]UE power saving solutions such as wake-up signals are being studied in another study item and  need not be studied in NR-U to avoid duplicate work in 3GPP. 
Signals that are not compliant with the NR frame structure or with its numerologies, sample rates etc. (e.g., signals from other technologies) have also been discussed to save power consumed by PDCCH monitoring. It should be noted that the use of such signals can also lead to a power increase due to the need for constant monitoring and can reduce the reliability of PDSCH reception by adding another signal that must be received successfully before reception of data. Hence, any UE power saving solutions should concentrate on signals that are based on core NR technology. We elaborate on this more in [4].
[bookmark: _Toc525927968]Any UE power saving solution should rely only on NR-based signaling

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 supports beamformed SS/PBCH block transmissions and thus we see no reason to restrict this for NR-U.
Observation 3	Using Rel-15 NR mechanisms, the UE can soft combine different SIB1 redundancy versions in the DRS.
Observation 4	DM-RS of Group-Common PDCCH can be used for DL transmission identification by the UE.
Observation 5	With NR Rel-15 specifications, NR-U already supports flexible start and end symbol transmission within a slot.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support NR-U DRS periodicities of [40 ms, 80 ms and 160 ms].
Proposal 2	For NR-U, the SS/PBCH - CORESET multiplexing Pattern 1 is feasible for designing a compact DRS pattern in time in which RMSI CORESET, PDSCH carrying RMSI, and an SS/PBCH block burst set are multiplexed by means of a combination of FDM and TDM.
Proposal 3	Introduce at least one additional configuration for NR-U with the second PDCCH monitoring occasion in the Type0-PDCCH common search space placed at the 8th symbol in a slot, rather than the 2nd/3rd symbol.
Proposal 4	To allow a combination of FDM and TDM multiplexing of SS/PBCH block and PDSCH carrying RMSI, revisit the assumption that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH scheduled by SI-RNTI
Proposal 5	Support (in addition to the Rel-15 NR paging mechanisms) multiplexing of NR-DRS and paging for cases where sufficient time/frequency resources are available.
Proposal 6	Support dynamic indication of PDCCH monitoring information to the UE in addition to the existing RRC configuration.
Proposal 7	UE power saving solutions such as wake-up signals are being studied in another study item and  need not be studied in NR-U to avoid duplicate work in 3GPP.
Proposal 8	Any UE power saving solution should rely only on NR-based signaling
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