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1	Introduction
During RAN1#92bis [1], the following agreements were made: 
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· FFS: Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60kHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60kHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60kHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

[bookmark: _Toc513130363]In this contribution we provide our view on frame structure for NR-U, more specifically, on issues related to NR-U transmission granularity, numerology, wideband operation and UE power saving mechanisms. 
2	NR-U transmission granularity 
In 3GPP NR Rel15 for licensed operation, downlink control information (DCI) is received over the physical layer downlink control channel (PDCCH). A PDCCH candidate is searched within a common or UE-specific search space which is mapped to a set of time and frequency resources referred to as a control resource set (CORESET). The search spaces within which PDCCH candidates must be monitored are configured to the UE via radio resource control (RRC) signalling. A monitoring periodicity is also configured for different PDCCH candidates. In any particular slot the UE may be configured to monitor multiple PDCCH candidates in multiple search spaces which may be mapped to one or more CORESETs. PDCCH candidates may need to be monitored multiple times in a slot, once every slot or once in multiple of slots. There are two kinds of transmission, i.e. Type A (slot-based) transmission and Type B (mini slot-based) transmission. In DL, Type B transmission could be started in any symbol with length of 2, 4 and 7 symbols. In UL, Type B transmission could be started in any symbol with any length between {2 and 14} symbols.
[bookmark: _Toc521718648]NR Rel15 supports DL and UL transmission starting in any symbol.  
[bookmark: _Toc521718649]The periodicity of the starting point is controlled by the CORESET and search space RRC configuration. The monitoring periodicity is decoupled from the supported Type B transmission duration.
[bookmark: _Toc521718653]No additional DL or UL starting positions are needed for NR-U  
3	Numerology for NR-U
The transmission granularity can be increased, and latency can be reduced if 30 kHz and 60 kHz subcarrier spacing are used as numerology candidates for NR in unlicensed spectrum for 5/6 GHz. 60KHz subcarrier spacing will enable 4 times higher channel access granularity as compared to LAA. 
To support 60kHz SCS for all signaling for NR-U operation below 6GHz, changes will be required. For instance, Rel-15 NR does not support a SS/PBCH block using 60kHz. To enable that, a new SS/PBCH block design is needed. In addition, the candidate SS/PBCH positions for a half frame are not defined for 60kHz SCS.  For NSA operation, the network can indicate the SCS of the SS/PBCH to the UE. The current RRC signaling does not support an SS/PBCH block with 60 kHz SCS. In Rel-15 NR, the SCS of RMSI, Msg.2/4 for initial access and broadcast SI-messages are signalled in the MIB using a 1-bit value representing 15kHz or 30kHz SCS for frequencies below 6 GHz and 60kHz or 120kHz for frequencies above 6GHz. To support an SS/PBCH block with 60 kHz SCS, either an additional bit needs to be added in the MIB or the existing bits need to be reinterpreted. The RMSI CORESET configuration is signalled to the UE using an index 0-255 that points to different tables for different combinations of SCS for SS/PBCH block and RMSI. If a 60 kHz SS/PBCH block is introduced new tables would need to be added.
In addition, the usage of 60kHz SCS for PRACH transmission is restricted to frequencies above 6GHz. For operation below 6GHz, the supported PRACH SCSs are limited to 15 and 30kHz which is indicated by 1-bit in RRC RACH configuration. This is especially problematic for UL transmission where interlacing data and control using different subcarrier spacing adds complexity. To include 60kHz for PRACH transmission in spectrum below 6GHz, one of the following is needed: (1) extend RRC configuration to allow more than 2 SCS options, or (2) reinterpret existing configuration to indicate 30 or 60kHz SCS instead of 15 and 30kHz.
Designing a PRB-block interlaced UL for 60 kHz SCS with e.g. a 20 MHz system BW can result in limited scheduling flexibility and/or output power. To mitigate this, introducing a sub-PRB interlace design has been proposed. However, introducing a sub-PRB interlace design would have considerable impact in the Rel-15 NR specifications as the PRB is a fundamental building block in the specifications.
[bookmark: _Toc521718650]Supporting 60kHz for all signaling in NR-U requires considerable modifications to the Rel-15 NR specifications.
For outdoor deployments, even if output power is limited, considerable delay spread can still be observed. For 60kHz SCS with NCP, the cyclic prefix is 1.17us. This corresponds to path distance of 175.5m which is not unlikely in outdoor environments. The cyclic prefix of 60kHz SCS with ECP is 4.17us which would correspond to a path distance of 625.5m and would be sufficient for most outdoor small cell deployments. 
Supporting ECP for 60 kHz SCS would further impact the SS/PBCH block design and candidate positions, bringing additional complexity to the specifications.
[bookmark: _Toc521718651]If 60 kHz SCS was adopted for NR-U it brings additional complexity to specification work since ECP would need to be considered, e.g., for outdoor deployments. 
In here, we evaluate the performance difference between 15,30, and 60KHz in two scenarios: 
· Single NR-U operator 
· NR-U operator coexisting with a Wi-Fi operator.
We consider an indoor scenario of two operators running their networks in the same building as agreed and described in our companion contribution [2]. In the single operator case, it is assumed that one of the operator does not serve any traffic. For UL, self-scheduling is being considered, i.e. the grant is also sent on the unlicensed carrier. It is also assumed that only slot scheduling is used for the uplink. For DL, Type B scheduling starting at any symbol is enabled. We believe that the highest UL performance difference between different SCS can be observed in this case. Finally, UE capability #1 processing delays are modelled. In Figure 1,2,3 and 4 we present the mean UL/DL object data rate per UE for 15,30 and 70 % buffer occupancy that represent low, medium and high load. 

Figure 1: UL performance using different SCS in a single NR-U indoor network deployment


Figure 2: DL performance using different SCS in a single NR-U indoor network deployment



Figure 3: UL performance using different SCS when NR-U coexist with another Wi-Fi network in an indoor deployment. Only the NR-U operator results are shown

Figure 4: DL performance using different SCS when NR-U coexist with another Wi-Fi network in an indoor deployment. Only the NR-U operator results are shown.

All SCS performs roughly the same in the DL which is expected since PDCCH periodicity of 1 OS is enabled. In fact, the higher SCS perform slightly worse due to higher overhead and guard bands. Both scenarios (single NR-U operator or coexisting with Wi-Fi) show that uplink in case of 30 and 60kHz performs better than 15kHz subcarrier spacing. However, minimal difference is observed between 30 and 60kHz subcarrier spacing due to the trade-off between channel access granularity and spectrum utilization. Most of the gain comes from increasing the SCS from 15 kHz to 30 kHz. While 60kHz can provide better access granularity, this is counteracted by the fact that the spectrum utilization in case of 60kHz is lower than 30kHz due to larger guard bands. In conclusion, inclusion of 60kHz SCS for NR-U operations requires additional design changes yet does not provide significant performance gains.
[bookmark: _Toc520971645][bookmark: _Toc521718654]Only consider inclusion of 60kHz SCS after discussions on 30kHz SCS are concluded.
4	Wideband operation
Similar to NR, it is expected that NR-U will support transmissions with wide bandwidth, e.g., up to several hundreds of MHz bandwidth. However, there could be different radio technologies with different device capabilities that simultaneously share the same spectrum. It will be unlikely that a device will sense the channel free over the whole wide bandwidth, especially at high load. Thus, it is beneficial for NR-U to support transmissions with dynamic bandwidth, in which the device can decide which part(s) of the supported bandwidth to use based on its LBT outcome.
There are two common approaches for the device to use in wideband transmissions: carrier aggregation (CA) and single carrier wideband transmissions. In CA transmissions (similar to LTE-based LAA), the device performs LBT per component carrier (of, e.g., 20MHz), then transmit on each free component carrier (CC). In single carrier wideband transmissions, the device performs LBT per LBT bandwidth piece (of 20 MHz) and aggregates resources from each free LBT bandwidth piece in a single physical SCH. Figure 5 shows an example for the wideband operations using CA and single system carrier wideband of 80 MHz. Different UEs may operate on different maximum bandwidth sizes and transmit with different number of RBs depending on their LBT’s outcomes. 
[image: ]
(a) CA transmissions				(b) single carrier wideband transmissions	      
Figure 5 - CA and single carrier wideband transmissions.
Note that separate CORESETs and search spaces need to be configured for different LBT bandwidth pieces to ensure the availability of control signalling when at least one LBT bandwidth piece is available. In the example shown in Figure 1(b). UE2 needs to monitor both CORESET2 and CORESET3 since the channel may be available only in LBT bandwidth piece 2 or only in LBT bandwidth piece 3. Similarly, UE3 shall monitor all four CORESETs to get its PDCCH. Furthermore, it is undesirable to configure a wide CORESET across LBT bandwidth pieces. Either the PDCCH is interleaved across the LBT bandwidth pieces or all PDCCH candidates locate in the unavailable LBT bandwidth pieces when part of the channel is busy. Both results in loss of scheduling opportunities. There is hence no difference between the CA and wide BWP approaches in terms of number of CORESETs and search spaces to monitor by the UE. 
[bookmark: _Toc521718652]There is no difference between the CA and wide BWP approaches in terms of number of CORESETs and search spaces to monitor by the UE.
If the gNB observes consistent high interference in certain component carriers, it can de-configure or deactivate these carriers from the UEs. Similarly, if the gNB observes consistent high interference in certain LBT bandwidth piece(s), it can configure the BWP of the associated UEs to avoid these unusable LBT bandwidth piece(s). However, if the low-interference LBT bandwidth pieces are not contiguous, the gNB will need to configure more than one component carrier (since a NR BWP contains contiguous resource blocks). That is, single carrier operation mode cannot address all operation scenarios well and carrier aggregation operation mode should always be support for NR-U.
In general, CA transmissions have less standard impact (using LTE-based LAA as baseline) and require less stringent processing requirements since parallel transport block processing can be performed independently per CC.
[bookmark: _Toc513643344][bookmark: _Toc521718655]NR-U should support CA transmissions for wideband operations.
The single carrier wideband transmitting approach has its own advantage with the possibility of improving the spectral efficiency by exploiting the guard-band(s) between contiguous BWPs. However, the transport block sizes (TBS) are determined by the scheduling step and it spans the whole BWP, which happens earlier than any listen-before-talk decisions. If there are fewer free LBT bandwidth pieces available than the scheduler, two options can be considered: (1) rate matching, different coding rate is used to fit the same scheduled TBS. (2) puncturing the TB part that is mapped to the bandwidth part which fail LBT. However, both approaches are undesirable since both result in severe reliability issues specially for high MCS values.
[bookmark: _Toc521718656]Further study the impact of sub-band LBT on single carrier wideband transmissions for wideband operations.
UE power Saving
There are two components affecting the UE’s power consumption in receive mode: Receive RF power consumption (from e.g Gain Controls, Low Noise Amplifiers, filters and mixers), and the receive baseband processing power consumption (channel estimation, decoding, etc.). The most effective way to reduce power consumption is to reduce the fraction of time the RF part (and hence the BB part) of the receive is on, rather than trying to optimize the power consumption of BB processing part but leaving the RF part open. 
Towards reducing the portion of time a CONNECTED mode UE needs to turn on RF and BB, NR supports extensive and flexible DRX configuration in the MAC specs. UE only needs to check PDCCH during active times and save power consumption on RF and BB otherwise. For Rel-16, there is a new SI [5] to consider further mechanisms such as wake-up signals to enable even greater portion of DRX time for a CONNECTED UE: to ensure quality of service, a UE in DRX can be quickly pulled back into active time using the wake-up signal. Such mechanism will also benefit NR operations in the unlicensed spectrum. A NR-U system can incorporate such mechanisms when they are standardized. Since this Rel-16 work in parallel to the NR-U SI, such designs targeting UEs in DRX are not to be further discussed in the NR-U SI to avoid duplicated work in 3GPP.
[bookmark: _Toc521718657]UE power saving solutions such as wake-up signals are out of the NR-U SI scope. 
During active time, a UE monitors PDCCH transmissions from the gNB. From the configured search space sets, the UE has a specific grid of time instances to check potential PDCCH transmissions. The granularity in time that the UE shall check PDCCH is hence up to gNB configuration. Given that only 2, 4 or 7-symbol type B PDSCH are supported, the UE needs to check PDCCH no more than 2 OFDM symbols. For 30 kHz SCS, this granularity is every 71 μs, 143 μs or 250 μs. Once the gNB obtain a COT, in our companion contribution [4], we propose mechanisms to reduce PDCCH monitoring inside a gNB initiated COT which in return reduce the UE power consumption. For instance, the UE can be switched to monitor PDCCH only on a slot basis: every 500 μs. Between, PDCCH checking instances, there are micro-sleep opportunities for the UE to reduce power consumption. Furthermore, PDCCH monitoring is based the channel codec the UE is already equipped with.
In contrast, if a UE in active time has to check a signal that can arrive on a much finer time grid than those discussed in the above, the UE will consume power essentially continuously. Such signals may involve activation of additional hardware that is not a normal part of NR operations. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations.
In summary, there is no evidence supporting the need to seek power saving solutions outside of NR based signalling. NR based signalling should be the main focus for reducing UE power consumption during active time.
[bookmark: _Toc521718658]RAN1 to design UE power saving solutions using NR based signalling. 
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	NR Rel15 supports DL and UL transmission starting in any symbol.
Observation 2	The periodicity of the starting point is controlled by the CORESET and search space RRC configuration. The monitoring periodicity is decoupled from the supported Type B transmission duration.
Observation 3	Supporting 60kHz for all signaling in NR-U requires considerable modifications to the Rel-15 NR specifications.
Observation 4	If 60 kHz SCS was adopted for NR-U it brings additional complexity to specification work since ECP would need to be considered, e.g., for outdoor deployments.
Observation 5	There is no difference between the CA and wide BWP approaches in terms of number of CORESETs and search spaces to monitor by the UE.
Based on the discussion in the previous sections we propose the following:
Proposal 1	No additional DL or UL starting positions are needed for NR-U
Proposal 2	Only consider inclusion of 60kHz SCS after discussions on 30kHz SCS are concluded.
Proposal 3	NR-U should support CA transmissions for wideband operations.
Proposal 4	Further study the impact of sub-band LBT on single carrier wideband transmissions for wideband operations.
Proposal 5	UE power saving solutions such as wake-up signals are out of the NR-U SI scope.
Proposal 6	RAN1 to design UE power saving solutions using NR based signalling.
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Mean UL Object Data Rate Per User [Mbps]  

15KHz	15 % BO	 30 % BO	70 % BO	54.979399999999998	41.413200000000003	10.158899999999999	30KHz	15 % BO	 30 % BO	70 % BO	65.257900000000006	49.6357	11.365	60KHz	15 % BO	 30 % BO	70 % BO	69.4452	52.2958	12.082700000000001	



Mean DL Object Data Rate Per User [Mbps]  

15KHz	15 % BO	 30 % BO	70 % BO	87.908500000000004	67.338399999999993	18.862100000000002	30KHz	15 % BO	 30 % BO	70 % BO	85.511700000000005	65.630099999999999	17.610700000000001	60KHz	15 % BO	 30 % BO	70 % BO	82.148399999999995	63.688699999999997	17.181000000000001	



Mean UL Object Data Rate Per User [Mbps]  

15KHz	15 % BO	 30 % BO	70 % BO	62.754800000000003	50.395499999999998	21.653199999999998	30KHz	15 % BO	 30 % BO	70 % BO	75.838099999999997	60.0886	24.296800000000001	60KHz	15 % BO	 30 % BO	70 % BO	79.152799999999999	62.73	24.401599999999998	



Mean DL Object Data Rate Per User [Mbps]  

15KHz	15 % BO	 30 % BO	70 % BO	97.670900000000003	81.314400000000006	37.314	30KHz	15 % BO	 30 % BO	70 % BO	96.884399999999999	79.973600000000005	36.842300000000002	60KHz	15 % BO	 30 % BO	70 % BO	90.511700000000005	75.797200000000004	35.336599999999997	
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