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1. Introduction
The study item proposal on NR-based Access to Unlicensed Spectrum was approved in RAN-75 in March, 2017. In 3GPP RAN1 meeting #94, it was agreed that [1]:
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 3GPP RAN1 meeting #94-bis [2], it was further agreed that:

Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

In this contribution, we will first discuss the design of NR-U DRS in more detail. We then discuss the initial signal design for DL transmission detection. Finally, we will address the issue of UE power savings for NR-U operation.
2. NR-U DRS structure
In this sub-section, we address some design aspects of NR-U DRS.  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 when the numerology of SSB and RMSI is set to 60kHz. By this numerology selection, 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 NR-U DRS. 
[bookmark: _Ref521510584]Observation 1: With SCS=60kHz, both SS/PBCH transmission and RMSI transmission can meet the OCB requirement. 
[bookmark: _Ref521510594]Observation 2: When being 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 be 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 serve the purpose for filling 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 span of NR-U 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. 
[bookmark: _Ref521510620]Observation 5: RMSI serves as a good candidate to be part of DRS to meet the OCB requirement and consecutive transmissions within DRS. 
[bookmark: _Ref521510736][bookmark: _Ref528930491]Proposal 1: NR-U supports SSB/RMSI multiplexing Pattern 1 with SCS=60kHz for NR-U DRS transmission. 
Since NR-U DRS includes 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 that 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 6: The time duration of DRS depends on the number of SS/PBCH blocks. 
[bookmark: _Ref521510760]Proposal 2: RAN1 discusses the numbers of SS/PBCH blocks to be transmitted in NR-U DRS. 
· 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: _Ref528930842]Observation 7: 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.
For reducing the complexity of transmission burst detection, three options can be considered:
Option 1: 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). 
Option 2: Use PDCCH DMRS to detect the downlink transmission burst. In this option, both narrow band DMRS with high aggregation level or wideband DMRS can be considered. Once PDCCH DMRS is detected, the UE performs initial PDCCH monitoring for the downlink transmission burst. 
Option 3: Use preamble to detect the downlink transmission burst. In this case, the downlink transmission is preceded by a preamble that can be easily detected by the UE using a correlator (see Figure 3). Once preamble is detected, the UE performs initial PDCCH monitoring for the downlink transmission burst. 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. 
For option1, the complexity is much higher than the other two options since frequent blind detections (BD) are required. Moreover, there may be some problems on the DCI size budget (i.e., number of DCI sizes, number of C-RNTIs, and total number of RNTIs that can be monitored by the UE in a slot). For both option 2 and 3, the monitoring frequency could be significantly reduced. However, there are some concerns on option 2:
· For narrow band PDCCH DMRS, since DMRS only appears in the candidate where PDCCH is transmitted, there is a trade-off between the detection performance and PDCCH blocking rate. For example, assume the aggregation level of the PDCCH is one and the bandwidth of the channel is 20 MHz. In this case only 6*3=18 DMRS REs can be used for detection. Note that in LAA 400 CRS REs can be used for the same channel bandwidth (100 RBs*2 REs per RB*2 OFDM symbols=400 CRS REs). If the aggregation level of the PDCCH is 8, 8*6*3=144 DMRS REs can be used. Although using higher aggregation level can increase the number of DMRS REs, the PDCCH blocking rate will be increased.
· For wideband PDCCH DMRS, there is a trade-off between the detection performance and PDCCH decoding performance. In LTE, the space-frequency block coding (SFBC) is used for PDCCH transmission. Since SFBC can provide sufficient space-frequency diversity gain, a robust PDCCH decoding performance can be achieved. In NR, since the number of transmit antenna can be large, a DMRS based solution is used for PDCCH and precoder cycling is used to provide the frequency diversity gain. However, when wideband PDCCH DMRS is used, the precoder is the same for all the REG bundles, which lead to a poor PDCCH decoding performance. One solution for solving this problem is to use small-delay cyclic delay diversity (SCDD). When SCDD is used, an artificial delay will be introduced and thus the equivalent channel becomes more frequency-selective. The frequency selectivity would lead to a degradation in the detection performance of PDCCH DMRS. This is a trade-off between the detection performance and decoding performance. 
· For NR PDCCH, the location of the DMRS REs is not contiguous in frequency. It’s more like the RE-based interlace structure, which leads to worse detection performance.
· The PDCCH DMRS is hard to carry the assisting information (e.g., COT structure), which can be utilized by the UE. If the UE has the information of the COT structure, it 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 UL transmissions within the COT. 
[bookmark: _Ref528930857]Observation 8: Using frequent PDCCH monitoring for transmission burst detection is not preferred due to the complexity of blind decodes.
Observation 9: For the PDCCH DMRS based detection, there are some concerns on the detection performance.
Proposal 3: The detection performance of PDCCH DMRS based detection needs to be justified.
For option 3, the concern is that if the preamble is missed, all the transmissions in the COT would be lost. In our view, the preamble can be designed with a very low miss detection rate. If the miss detection rate is low enough, the performance lost due to miss detection can be neglected. Moreover, some mechanisms can be introduced for solving this problem. For example, the preamble can be repeated in the same COT (Figure 4(a)) or the ACK mechanism can be used for the preamble (Figure 4(b)).
[bookmark: _Ref528930872]Observation 10: For preamble based detection, designs for preventing misdetection of the whole transmission burst can be considered.
[bookmark: _Ref528930901]Proposal 4: Using preamble for transmission burst detection should be supported.
[bookmark: _Ref528930908]Proposal 5: The preamble transmitted at the beginning of a COT can be used for COT structure indication.


[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


[bookmark: _Ref528853493]	Figure 4: designs for preamble based detection	
4. UE power saving for NR-U operation
In the previous section, we considered several options that would allow UEs to detect the starting point of a DL transmission. This feature certainly reduces the UE receiver complexity as described earlier. However, in terms of UE power saving, it still needs an always on RF chain for the detection of initial signal or preamble. 
For NR operation in the licensed band, an UE typically spends more than 50% of time in sleep modes (including deep sleep, light sleep, and micro sleep mode), depending on traffic types [3]. When in sleep modes, an UE consumes little power since the RF unit is either turned off or operating at a lower clock rate. Switching mechanism between sleep modes and active modes is determined via DRX configurations. With NR DRX, an UE could achieve significant power saving when operating in the licensed band. Similarly in NR-U, in order to reduce UE power consumption, NR DRX could be used with minor modifications. Specifically, a separate set of DRX parameters needs to be designed for NR-U, taking into account the effect of LBT on various traffic models. In addition, during the DRX on-time, the UE should be monitoring the initial signal (or preamble) instead of PDCCH.
Proposal 6: NR-U supports DRX for UE power saving.
Due to LBT, NR-U traffic tends to be more dynamic as compared to that of NR operating in licensed bands. In such case, we may be forced to increase the on-duration of DRX to achieve the best trade-off between UE power saving and DL transmission efficiency and latency, leading to less UE power saving for NR-U operation. Furthermore, since DRX configurations are semi-static, it is not clear if current DRX framework along could cope with such highly dynamic traffic. One possible solution is to introduce an additional dynamic DL indicator which informs the UE of incoming DL transmission. Specifically, this indicator could be transmitted with a certain periodicity at pre-configured locations known to the UE (similar to paging). Each indicator would inform the UE whether a DL transmission will be scheduled for the following time interval (e.g., the time interval between the current indicator and the next indicator). This is illustrated in Figure 5. An UE configured with DRX would then operate as follow:
· If DL transmission indicator is not present at the pre-configured location, the UE operates according to DRX configuration in the following time interval.
· If DL transmission indicator is present, and it indicates that a DL transmission is scheduled for the UE in the following time interval, the UE would start to monitor for the initial signal or preamble for DL transmission COT detection.
· If DL transmission indicator is present, and it indicates that no DL transmission is scheduled for the UE in the following time interval, the UE would stay inactive within the following time interval, even during the preconfigured DRX on-time.
From gNB’s perspective, the DL transmission indicator enables more flexible resource scheduling, and the overall resource utilization efficiency and latency could be improved. For the UE, the indicator helps to further reduce power consumption since the UE does not need to switch to on-state if no DL data transmission is scheduled. On the other hand, if the indicator informs the UE that DL transmission is to happen in the following time interval, it makes sense for the UE to monitor the initial signal (or preamble) within the time interval to avoid missing the PDSCH due to DRX configuration. This is particularly important for NR-U since transmission opportunities are more difficult to obtain. 
To avoid extra LBT overhead, the DL transmission indicator could be transmitted with other periodic signals, such as NR-U DRS.
Proposal 7: NR-U supports DL transmission indicator for UE power saving and to avoid missing PDSCH due to DRX. The DL transmission indicator could be transmitted within NR-U DRS to avoid LBT overhead.

[image: ]
[bookmark: _Ref528932448]		Figure 5: DRX and DL Transmission Indicator for NR-U operation
5. 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 being 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: RMSI serves as a good candidate to be part of DRS to meet the OCB requirement and consecutive transmissions within DRS.
Observation 6: The time duration of DRS depends on the number of SS/PBCH blocks.
Observation 7: 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.
Observation 8: Using frequent PDCCH monitoring for transmission burst detection is not preferred due to the complexity of blind decodes.
Observation 9: For the PDCCH DMRS based detection, there are some concerns on the detection performance.
Observation 10: For preamble based detection, designs for preventing misdetection of the whole transmission burst can be considered.
Based on the observations, we propose that
Proposal 1: NR-U supports SSB/RMSI multiplexing Pattern 1 with SCS=60kHz for NR-U DRS transmission.
Proposal 2: RAN1 discusses the numbers of SS/PBCH blocks to be transmitted in NR-U DRS.
· 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

Proposal 3: The detection performance of PDCCH DMRS based detection needs to be justified.
Proposal 4: Using preamble for transmission burst detection should be supported.
Proposal 5: The preamble transmitted at the beginning of a COT can be used for COT structure indication.
[bookmark: _GoBack]Proposal 6: NR-U supports DRX for UE power saving.
Proposal 7: NR-U supports DL transmission indicator for UE power saving and to avoid missing PDSCH due to DRX. The DL transmission indicator could be transmitted within NR-U DRS to avoid LBT overhead.
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