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1 Introduction
In RAN1#94 [1], the following agreements 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.




This contribution discusses the aspects related to the downlink signal and channel design for NR-U:
· NR-U DRS
· Indication of COT structure
· Signal for burst detection
· Adaptation of PDCCH monitoring periodicity
2  NR-U DRS
1 
2 
Numerology 
In NR FR1, 15 kHz and 30 kHz are the two candidate SCS values for SS/PBCH block, and 15 kHz and 30 kHz are also the candidate SCS values for RMSI/OSI/paging. One of the discussion points is whether or not to support 60 kHz subcarrier spacing for SS/PBCH block and RMSI/OSI/paging, for NR-U sub7 GHz. In RAN1 #94 [1], it was agreed to be identified beneficial to support using the same numerology for all DL signals and channels at least for standalone operation, and in RAN1 #94bis [2], it was further agreed that UE assumes single SCS for Pcell per band. We study the following aspects on comparing using 30 kHz or 60 kHz as the supported SCS of NR-U DRS:
1. Cell search performance.
In NR FR1, 30 kHz SCS of SS/PBCH block has been proved to be sufficient for resisting initial CFO for all the carrier frequency range, and it was further testified by RAN4 that 30 kHz SCS of SS/PBCH block can be used for carrier frequency range 3 GHz to 5 GHz (e.g. band n77, n78, n79). Hence, from the perspective of initial cell search performance, both 30 kHz and 60 kHz SCS of SS/PBCH block can perform well enough to resist initial CFO. 
A set of link-level evaluation results of cell ID detection error, comparing 30 kHz SCS and 60 kHz SCS is shown in Figure 1 (wherein the evaluation assumptions are in Table 1 of Appendix). It can be observed that the gain from using 60 kHz SCS is marginal, since 30 kHz is already sufficient for resisting the initial CFO, as analysed above.  
[image: ]
[bookmark: _Ref526406152]Figure 1 Link-level evaluation results of cell search performance for comparing 30 kHz and 60 kHz SCS.
2. OCB requirement.
SS/PBCH block with 60 kHz SCS and 20 PRB BW occupies 72% of the nominal bandwidth of 20 MHz. SS/PBCH block with 30 kHz SCS and 20 PRB BW occupies 36% of the nominal bandwidth of 20 MHz, but in standalone operation, it can be further multiplexed with other channels or signals in NR-U DRS (e.g. PDSCH of RMSI/OSI/paging) to meet the OCB requirement. 
3. Transmission duration. 
60 kHz SCS can provide an extra benefit of shortening the beam sweeping time of SS/PBCH burst set by assuming using the same number of SS/PBCH blocks within a burst set as 30 kHz SCS, however, if considering multiplexed SS/PBCH burst set with the associated PDCCHs/PDSCHs of RMSI/OSI/paging in the NR-U DRS, there is no gain in transmission duration by using 60 kHz SCS at least for standalone case.  
4. Coverage for PDCCH of RMSI/OSI/paging.
If using 60 kHz as the SCS of NR-U DRS, the CORESET BW can only be configured as 24 PRBs based on the specified channel utilization of 20 MHz carrier bandwidth. In contrast, the CORESET BW can be configured as large as 48 PRBs, if using 30 kHz as the SCS of NR-U DRS. Hence, the coverage for PDCCH of RMSI/OSI/paging may be degraded by using 60 kHz SCS comparing with using 30 kHz SCS. 
5. Frequency offset configuration.
For 20 MHz channel BW, the channel utilization is 51 RBs by using 30 kHz SCS and 24 RBs by using 60 kHz SCS. Comparing to the supported CORESET BW (e.g. 48 RBs for 30 kHz SCS and 24 RBs for 60 kHz SCS), using 30 kHz SCS is more robust to the uncertainty of location on channel raster, such that smaller number of configurations on the frequency offset indication is required, which is beneficial in potentially saving bit in PBCH content for NR-U.  
6. Specification impact.
In RAN1 #94bis [2], it has already been identified that supporting 60 kHz NR-U DRS may have larger spec impact. 
From above discussions, we didn’t observe a clear benefit of supporting 60 kHz as the SCS of NR-U DRS at least for standalone operation. Hence, for 5 GHz unlicensed spectrum, 30 kHz should be adopted as the SCS of NR-U DRS for standalone operation, and 60 kHz can be considered as one of the candidate SCSs of NR-U DRS for non-standalone operation. Same proposal can be applicable to 6 GHz unlicensed spectrum as well, if the minimum channel bandwidth of 6 GHz unlicensed spectrum is also 20 MHz.  
Proposal 1: For 5 GHz unlicensed spectrum, 30 kHz shall be supported as the SCS of NR-U DRS for standalone operation, and 60 kHz can be considered as one of the candidate SCSs of NR-U DRS for non-standalone operation.
· Same proposal can be supported for 6 GHz unlicensed spectrum, if the minimum channel bandwidth is also 20 MHz.
· Further study the mapping of SS/PBCH blocks if 60 kHz is supported as one candidate SCS of NR-U DRS for non-standalone operation.
Multiplexing in NR-U DRS
In the last meeting, it was agreed that it is identified beneficial to multiplex PDCCHs/PDSCHs of RMSI/OSI/paging into NR-U DRS with their associated SS/PBCH block. One remaining detail is the multiplexing method of PDCCH/PDSCH of RMSI/OSI/paging with the associated SS/PBCH block. 
When the SCS of NR-U DRS is 30 kHz for standalone operation, examples of the multiplexing of SS/PBCH block, its associated CORESET, and PDSCH are illustrated in Figure 2, wherein the CORESET is multiplexed with the associated SS/PBCH block using multiplexing Pattern 1 with group offset 0 (e.g. TDMed within the same slot), and PDSCH is FDMed with the associated SS/PBCH block (e.g. frequency offset is up to the configuration in PBCH content).  


Figure 2 Examples of multiplexing pattern for NR-U DRS.
The multiplexing Pattern 2 and Pattern 3 were also proposed and discussed in the last meetings. However, based on a previous agreement that the initial active DL BWP is 20 MHz, wherein the initial active DL BWP is same as CORESET BW by its definition, the SS/PBCH block and its associated CORESET cannot be confined within the same nominal channel of 20 MHz in Pattern 2 or Pattern 3, which is not preferable in initial cell search procedure and should not be supported in NR-U. 
Observation 1: SS/PBCH block and its associated CORESET cannot be confined within the same nominal channel of 20 MHz, if using multiplexing Pattern 2 or Pattern 3.
Proposal 2: Multiplexing Pattern 1 is sufficient for NR-U DRS, and Pattern 2 and Pattern 3 should not be supported.
Enhancement on SS/PBCH block
In NR, one SS/PBCH block is consisted from 4 consecutive symbols with a BW of 20 PRBs, wherein the central 12 PRBs of the first and third symbols are mapped for PSS and SSS, respectively, and the second and fourth symbols as well as the remaining PRBs in the third symbol other than SSS are mapped for PBCH. An illustration of the composition of SS/PBCH block is shown in Figure 3. 


Figure 3 Illustration of SS/PBCH block composition in NR. 
Based on this composition pattern, it has been observed that the cell ID detection performance in NR can achieve 90% and the PBCH detection error (conditioning on accurate cell ID) can be within 10-2 at SNR -6 dB, based on up to 4 combinations of SS/PBCH blocks.  
In NR-U, the transmission of SS/PBCH blocks can be subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SS/PBCH blocks periodically, which challenges the receiver implementation on combining multiple SS/PBCH blocks and degrades the performance of cell search and system information delivery.  
Hence, potential enhancement on the SS/PBCH block structure, e.g. larger transmission BW and/or larger number of symbols should be studied in NR-U, in order to enhance the one-shot detection performance to composite the loss due to reduced channel access opportunities subject to LBT, especially when larger periodicity of SS/PBCH block is considered for NR-U. For example, by adding another symbols for extra PSS, SSS, or PBCH, the performance of one-shot detection can be improved.
Proposal 3: Enhancement to the synchronization signal and PBCH block structure is observed beneficial for improving the one-shot detection performance and compensating reduced channel access opportunities subject to LBT, and should be studied for NR-U.
3 Indication of COT structure
In the last meeting, it was agreed that in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial. It is also beneficial that the indication of the COT structure can be transmitted more than once in a COT for a UE who misses the indication transmitted at the beginning of the COT and/or wakes up from the DRX in the middle of the COT. In this case, the UE may detect more than one indication of the COT structures for the COT. Then, the question is whether the indicated COT structure can be updated by other indication. In Rel-15 NR, a PDCCH monitoring periodicity for DCI format 2_0 can be smaller than a duration of a slot format combination the UE obtains at a PDCCH monitoring occasion for DCI format 2_0 so that the UE may detect more than one DCI formats 2_0 indicating a slot format for a slot, and each of the more than one DCI formats 2_0 should indicate a same slot format for the slot. In NR-U, it may be beneficial if the indication of the COT structure can be updated, which will provide more flexibility to gNB to update scheduling decision once after the channel is occupied. However, it may cause collision/conflict between gNB/UE transmissions if the updated indication is missed by UE. Therefore, further studies are required whether the indicated COT structure can be changed by another indication.
Proposal 4: The indication of the COT structure can be transmitted more than once in a COT. Further studies are required whether the indicated COT structure can be changed by another indication.
In Rel-15, autonomous UL (AUL) transmission has been introduced to increase uplink performance by eliminating control channel signalling for uplink transmission which requires additional LBT for transmission. In addition to subframe(s) configured for AUL transmission, AUL transmission can be performed in subframe(s) within the indicated UL duration. That is, AUL sharing field is included in the PDCCH with CRC scrambled by CC-RNTI to inform to AUL UE about availability of AUL transmission within the indicated UL duration. If NR-U also supports dynamic AUL sharing mechanism, some enhancements on DCI format 2-0 or defining new DCI format to indicate slot format would be expected. Therefore, further study would be required to clarify necessary information to be informed for NR-U operation. If additional information other than slot format information (e.g. AUL sharing) is required, efficient signalling mechanism should also be further investigated. 
Proposal 5: Clarify necessary information to be informed together with SFI for NR-U operation.
4 Signal for Detection
In NR phase 1, a UE shall monitor a set of PDCCH candidates in one or more control resource sets (CORESET) according to corresponding search spaces, wherein the search spaces may appear periodically according to the configured periodicity by higher-layer signaling. For NR-U operation, the periodicity of PDCCH is likely to be broken, e.g., due to LBT failure. Furthermore, if the configured periodicity is relatively large, e.g., 20 slot, the DL/UL transmission opportunity would be dramatically reduced if gNB fails LBT for PDCCH search space slot. On the other hand, if the configured periodicity is small, e.g., 1 slot or less than a slot, more transmission opportunities are provided at the cost of more frequent PDCCH detection. In LTE, UE may skip PDCCH decoding if UE does not detect the CRS. In NR, CSI-RS for tracking or DMRS for PDCCH may not achieve the same robust detection performance as the CRS, thus UE may not skip PDCCH decoding in slots which gNB does not transmit. For example, wideband DMRS for a PDCCH can be considered to facilitate burst detection, which can provide similar detection performance as the CRS. 
Proposal 6: Utilizing existing RS (e.g. wideband DMRS) for power-efficient burst detection in NR-U.
In the last meeting, using Wi-Fi preamble as the indication of burst detection was discussed, and the exact proposal for “Wi-Fi preamble” was further clarified to be associated with extra signal or channels for further functionality to be supported. An illustration of such a proposal is shown in Figure 4, and the following aspects are discussed: 


Figure 4 Illustration of Wi-Fi preamble + extra signal/channel.

1. gNB’s COT identification.
The fields of short and long training sequences are constructed based on a unified sequence such that it does not have the functionality of distinguishing the gNB’s identification and COT length. In order to achieve this purpose, at least 11 bits (e.g. 1 bit for distinguishing Wi-Fi or NR, and 10 bits for indicating gNB’s cell ID) shall be utilized in the associated signal/channels. However, there is only 1 bit reserved in the SIGNAL field, and the functionality has to be implemented in DATA field or a segment of DATA field, which introduces much larger overhead in detection complexity. 
2. Improved coexistence.
As shown in our accompany contribution [6], it has been observed that preamble detection based CCA may not always be helpful for improving the coexistence performance, mainly due to its bad detection accuracy, and only using energy detection based CCA can already achieve fair coexistence with Wi-Fi. Hence, there is no essential need to introduce Wi-Fi preamble to NR-U system. 
3. Power saving
In order to achieve the purpose of power saving, gNB is at least required to decode the SIGNAL field and identify the COT length, which is another aspect increasing the detection complexity. 
In contrast, the energy spent on detecting the Wi-Fi preamble itself and enabling the chip area of channel decoding makes the energy saved by reducing PDCCH monitoring occasions marginal. 
4. Detection complexity
Combining the above analysis, in order to achieve all the above functionalities, a gNB at least needs to perform a sequence detection of short training sequence and long training sequence field, then detect the message carried by SIGNAL field and DATA field. Note that the SIGNAL and DATA field are channel coded, such that its complexity is much higher than its alternative solution, e.g. NR signal based. 
5. Detection accuracy
As mentioned above, another essential drawback of Wi-Fi preamble is its detection accuracy. It is reported that to achieve the detection accuracy of 90%, the SINR shall be at least around 2 dB. In contrast, NR signal has much better tolerance to SINR degradation, for example even lower than -3 dB, PSS/SSS can still be detectable at 90%. Note that NR-U will work on scenarios with poor link strength and low SINR, e.g. the evaluated indoor scenario, hence, Wi-Fi preamble is not detectable for some of the application scenarios for NR-U. 
6. Implementation complexity
[bookmark: _GoBack]As discussed above, a gNB at least needs to perform a sequence detection of short training sequence and long training sequence field, then detect the message carried by SIGNAL field and DATA field. However, the SIGNAL and DATA field are channel coded not with compatible codes in NR system, e.g. polar codes or LDPC codes. Hence, NR system, for both network end and UE end, needs to change its hardware in order to encode and decode such messages, which causes extra implementation complexity, and does not achieve obvious benefits as analysed above. 
Based on the above discussion, we have the following proposal.
Proposal 7: Wi-Fi preamble shall not be considered as a candidate signal for burst detection in NR-U.
5 Adaptation of PDCCH monitoring periodicity
For supporting start of DL transmission immediately after gNB’s channel access, the time granularity for PDCCH monitoring periodicity should be finer (e.g., every symbol), which results in significant UE power consumption for PDCCH monitoring. Therefore, for the purpose of UE power saving while supporting flexible and fast DL transmission, adaptation of PDCCH monitoring periodicity according to the acquisition of COT would be desirable. For instance, larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT can be considered.

[image: ]
Figure 5 Example of adaptation of PDCCH monitoring periodicity.

Proposal 8: NR-U support adaptation of PDCCH monitoring periodicity (e.g., larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT)
6 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: For 5 GHz unlicensed spectrum, 30 kHz shall be supported as the SCS of NR-U DRS for standalone operation, and 60 kHz can be considered as one of the candidate SCSs of NR-U DRS for non-standalone operation.
· Same proposal can be supported for 6 GHz unlicensed spectrum, if the minimum channel bandwidth is also 20 MHz.
· Further study the mapping of SS/PBCH blocks if 60 kHz is supported as one candidate SCS of NR-U DRS for non-standalone operation.
Observation 1: SS/PBCH block and its associated CORESET cannot be confined within the same nominal channel of 20 MHz, if using multiplexing Pattern 2 or Pattern 3.
Proposal 2: Multiplexing Pattern 1 is sufficient for NR-U DRS, and Pattern 2 and Pattern 3 should not be supported.
Proposal 3: Enhancement to the synchronization signal and PBCH block structure is observed beneficial for improving the one-shot detection performance and compensating reduced channel access opportunities subject to LBT, and should be studied for NR-U.
Proposal 4: The indication of the COT structure can be transmitted more than once in a COT. Further studies are required whether the indicated COT structure can be changed by another indication.
Proposal 5: Clarify necessary information to be informed together with SFI for NR-U operation.
Proposal 6: Utilizing existing RS (e.g. wideband DMRS) for power-efficient burst detection in NR-U.
Proposal 7: Wi-Fi preamble shall not be considered as a candidate signal for burst detection in NR-U.
Proposal 8: NR-U support adaptation of PDCCH monitoring periodicity (e.g., larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT)
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Appendix
[bookmark: _Ref526407891]Table 1 Link level simulation assumptions.
	Parameter
	Assumption

	Carrier frequency
	5.0 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	30 kHz and 60 kHz

	UE initial CFO 
	[-5 5] ppm

	SS block periodicity
	20 ms

	Antenna
	2×2

	Channel model
	CDL-C with 100 ns delay spread

	UE speed
	3 km/h
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