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Introduction
The work item proposal for NR-based Access to Unlicensed Spectrum was approved in RAN-82 in December, 2018 [1]. 
In this contribution, we will discuss the design of NR-U DRS in more detail.
NR-U DRS Design Considerations
In this section, we share our views on some remaining issues regarding NR-U DRS design such as SSB pattern in a slot, Type-0 PDCCH configuration, and DL transmission indicator in DRS for UE power saving. 
SS/PBCH block structure
At the previous RAN1 #96bis meeting, the following agreements were made about SSB positions in a slot and Type0-PDCCH configuration. 
	Agreement: 
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U
Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot



The DRS shift granularity has not yet been agreed. However, since one SS/PBCH block is allocated in each half slot, it is intuitive to assume that the DRS shift granularity is half slot. This implies DRS may be transmitted from the middle of a slot. In this case, there is only one symbol that can be allocated for PDCCH transmission in the beginning of the second half slot in Case A and Case C. Therefore, we propose that the SS/PBCH symbol positions should be changed from (8, 9, 10, 11) to (9, 10, 11, 12) to have a same SS/PBCH block structure in any half slot. In other words, we think Alt2 in the above agreements should be supported so that SSBs are at symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot.  
[bookmark: _Ref1154833][bookmark: _Ref7697531]Proposal 1: Support SS/PBCH blocks to be located symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot for NR-U. In other words, support Alt2 for SSB positions in a slot. 

Type0-PDCCH Configuration
	Agreement: (RAN1 #96)
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.



	Agreement: (RAN1 AH1901)
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4



In NR, both CORESET configuration and search space configuration for Type-0 PDCCH are carried by PBCH. In NR-U, we think a similar mechanism shall be supported so that Type0-PDCCH and RMSI can be transmitted in different slots than SS/PBCH block transmission. 
[bookmark: _Ref4680467][bookmark: _Ref7697542]Proposal 2: Similar to NR, NR-U supports that both CORESET and search space configurations for Type-0 PDCCH to be carried by PBCH and RMSI can be transmitted in different slots than its corresponding SS/PBCH block.

DL transmission indicator in NR-U DRS for UE power saving
Several proposals for initial signal design have been identified in [2] that would allow an UE to detect the starting point of a DL transmission. This feature certainly reduces the UE receiver complexity. 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.
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 1. 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.
[bookmark: _Ref535048270]Proposal 3: 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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[bookmark: _Ref528932448][bookmark: _Ref535043998]Figure 1: DRX and DL Transmission Indicator for NR-U operation

Conclusion
In this contribution, we make the following proposals. 
[bookmark: _GoBack]Proposal 1: Support SS/PBCH blocks to be located symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot for NR-U. In other words, support Alt2 for SSB positions in a slot.
Proposal 2: Similar to NR, NR-U supports that both CORESET and search space configurations for Type-0 PDCCH to be carried by PBCH and RMSI can be transmitted in different slots than its corresponding SS/PBCH block.
Proposal 3: 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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