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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. PRACH design considerations are also addressed.
NR-U DRS Design Considerations
	Agreement: (RAN1 #95)
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
· Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.



[bookmark: _GoBack]NR-U DRS signal 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.  
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[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. 

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 2. 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 2: 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 2: DRX and DL Transmission Indicator for NR-U operation

PRACH Design Considerations
If PRACH in NR-U is to be frequency multiplexed with PUSCH, it also needs to have the same B-IFDMA structure. However, the correlation properties of any signal with B-IFDMA structure are generally poor. Figure 3 shows the cyclic auto-correlation function of a block-interleaved Zadoff-Chu sequence where a length-113 Zadoff-Chu sequence is cyclically extended to length-120 and mapped to one interlace. The envelope of the correlation follows that of a signal with a bandwidth that is only 1/12 of the whole bandwidth, as evidenced by the nulls that occurs once every 1/12 symbol length. That is, the resolution of timing estimate for this signal is only 1/12 of the bandwidth it occupies.
[bookmark: _Ref535048222]Observation 6: Applying B-IFDMA structure to PRACH severely degrades the correlation properties of PRACH. In addition, the resolution of timing estimation is significantly reduced.  
One potential improvement is to use a larger sub-carrier spacing without interlace and time division multiplex the PRACH with PUSCH (and other PRACH). The approach keeps the integrity of a good synchronization signal and is becoming more viable as NR has defined 30 kHz and 60 kHz sub-carrier spacing for sub-6 GHz band. However, this comes at the cost of additional LBT overhead. 
[image: ]
[bookmark: _Ref534811119]Figure 3: The cyclic auto-correlation function of a block-interleaved Zadoff-Chu sequence

Therefore, we believe that the PRACH for NR-U should meet the following properties:
[bookmark: _Ref535048277]Proposal 3: The following design principles shall be adopted for PRACH design in NR-U: 
· Good correlation property
· Providing a large number of sequences
· Easy to multiplex other UEs and uplink channels
· Meeting regulation requirements such OCB and PSD

To meet these requirements, we propose an approach of placing only a small number of Non-Zero Power (NZR) Resource Elements (REs) sparsely distributed across the entire nominal bandwidth in an OFDM symbol. By properly selecting the positions of these NZP REs, it is possible to generate a large set of sequences with auto and cross correlation properties that are much better than those of B-IFDMA based sequences. Because of its sparsity, the sequence can be overlaid with other uplink channels and signals, including PRACH transmitted by other UEs. The REs occupied by the detected sequence(s) can be erased with minimum decoding performance degradation to the multiplexed data-bearing channels. Moreover, the signal occupies the entire nominal bandwidth and therefore meet the OCB requirement.
Figure 4 shows a simple approach of generating a set of length-42 sequences. Longer sequence can be similarly derived but is too large to fit the page. We start by first creating a 2-dimensional 6 by 7 Costas Array [4]. The Costas array in Figure 4 can be described by the hopping sequence of integers {0, 2, 1, 5, 3, 4}, where each number represents the location of the mark with respect to the first element of its corresponding row. The 2-D Costas array is then concatenated row-wise into a one-dimensional row vector. The PRACH sequence is then a length-42 frequency domain sequence in which only the sub-carriers of the marked positions have non-zero power. These non-zero REs are power boosted equally by a factor normalized to the total transmit power. The complex modulation values of these REs can be arbitrary without changing its correlation properties. A different sequence can be generated in the same manner by cyclically shifting the 2D array, resulting in a total of 6*7 = 42 sequences. The property of Costas array ensures that any pair of sequences in this set of 42 sequences have at most one collision in their NZP REs. In other words, the normalized cross correlation between any pair of sequences in the set is either 0 or 1/6. 
[image: ]
[bookmark: _Ref534913871]Figure 4: Example for construction of a sparse PRACH sequence
We now give an example for 30 kHz sub-carrier spacing in 20 MHz channel. There are approximately 600 sub-carriers in this case. Therefore, we use a 23 by 24 Costas array with a total of 22*23 = 506 sequence of length-506. The hopping sequence is given by {0, 4, 1, 9, 3, 19, 7, 16, 15, 10, 8, 21, 17, 20, 12, 18, 2, 14, 5, 6, 11, 13}. Figure 5 shows the auto-correlation (left) and cyclic auto-correlation (right) of an arbitrary sequence in the set. The sharp peak around zero-lag is visibly much better than that in Figure 3. All other sequences have similar properties. The cross correlation between any pair of sequences in the set is at most 1/22.
[bookmark: _Ref535048228]Observation 7: Sequences set generated by placing sparsely distributed, power boosted REs in an OFDM symbol have all the good properties required for the PRACH in NR-U.
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[bookmark: _Ref534993567]Figure 5: Auto correlation and cyclic auto correlation function of a length-552 sparse sequence

Conclusion
In this contribution, we make 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: Applying B-IFDMA structure to PRACH severely degrades the correlation properties of PRACH. In addition, the resolution of timing estimation is significantly reduced.
Observation 7: Sequences set generated by placing sparsely distributed, power boosted REs in an OFDM symbol have all the good properties required for the PRACH in NR-U.

Based on the above observations, we further make the following proposals. 
Proposal 1: NR-U supports SSB/RMSI multiplexing Pattern 1 with SCS=60kHz for NR-U DRS transmission.
Proposal 2: 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.
Proposal 3: The following design principles shall be adopted for PRACH design in NR-U:
· Good correlation property
· Providing a large number of sequences
· Easy to multiplex other UEs and uplink channels
· Meeting regulation requirements such OCB and PSD
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