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1. Introduction & Background

In RAN#75, the study item of NR based access to unlicensed spectrum was agreed [1].  The progress in LAA and eLAA shows that unlicensed spectrum can serve as a complementary too for operator to augment their service offering. Now it is the time to evolve the access to the unlicensed spectrum to the new radio. The wider bandwidth in NR unlicensed spectrum will reduce the implementation complexity for gNB and UE compared to the carriers with smaller bandwidth. The extremely flexible NR frame structure with variable subcarrier spacing, transmission unit length (slot, mini-slot), and non-fixed DL/UL switch point makes it more suitable for unlicensed spectrum access.
In this contribution, we will discuss the feasibility of NR frame structure and then some enhanced channel access schemes for NR unlicensed spectrum will be investigated.
2. Frame structure in NR unlicensed band
1.1. Variable numerologies and burst length
NR provides very flexible frame structure to fulfill the requirements of various services. Different slot length can be realized by applying different subcarrier spacing (SCS). In LTE, the sunframe is fixed to be 1 ms, but in NR, the slot length varies from 0.125 ms (120 kHz SCS) to 1 ms (15kHz SCS). In LTE-LAA, in order to reduce the channel reservation time after the catogary 4 LBT, an additional starting position is added. The flexible slot length in NR is more suitable for unlicensed band transmission and can achieve similar or even better performance than the LTE-LAA as shown in Figure 1. For example, using slot based transmission with 30 kHz SCS can achieve similar performance as LTE-LAA with one additional starting position. Using slot based transmission with 60 kHz SCS can achieve even better performance than LTE-LAA since it has four transmission starting positions within 1ms, which is double of that in the LTE-LAA. The average channel reservation time can be reduced by half.
In addition, since the mini-slot can start from any symbol within a slot, if the mini-slot transmission is applied in unlicensed band transmission, the channel reservation time can be further reduced to less than one symbol as shown in the bottom of Figure 1. Whenever the channel is sensed to be idle, the gNB reserves the channel to the next symbol and starts to transmit with mini-slot.
[image: image22.emf]Time

gNB

WiFi

Beam 1

Beam 3

Beam 4

Beam 2

Beam 1

Beam 3

Beam 4

Beam 2

Beam 1

Beam 3

Beam 4

Beam 2

Beam 1

Beam 3

Beam 4

Beam 2


Figure 1: Frame structure for NR
1.2. Self-contained slot
Besides the variable numerology and burst length, NR also supports self-contained slot, which contains both DL symbols and UL symbols. The self-contained slot leads to more flexible and efficient usage of the resource in time domain in unlicensed spectrum.
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Figure 2: self-contained slots

In self-contained slot operation, the UE can share the MCOT of the gNB if the gap between DL and UL portions is sufficiently small. When the gNB senses the channel to be IDLE and starts to transmit after a gap or channel reservation signal, the UE can perform fast feedback or transmit PUSCH in the UL symbols in the self-contained slots as shown in Figure 2. One shot LBT is performed at the UE side before the UL transmission for the shared MCOT case. When the channel is sensed to be IDLE, UE transmits the PUCCH or PUSCH. Multiple DL/UL switch points should be supported within one MCOT. 
Proposal 1: NR frame structure can be directly applied to the unlicensed spectrum.
3. Channel access schemes in NR unlicensed spectrum
In the LTE LAA, the channel access scheme is based on omni-directional channel sensing for a single channel with 20 MHz bandwidth. However, in NR, the channel bandwidth becomes wider, the BWP is introduced for power saving and more flexible transmision, and beamforming transmission in mmWave is used to combat the  high path loss. With all these new features, the legacy LBT scheme in LTE LAA will result in a low spectrum efficiency in the NR unlicensed spectrum. Hence enhanced schemes should be investigated to adapt to the NR features.
1.3. Beam-specific LBT
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In mmWave, most of the nodes transmit using beam forming with massive MIMO antennas, including NR nodes, WiFi nodes, etc. Beamforming can strengthen the signal to the desired beam direction with minimum interference to other directions in spatial domain thus enable the spatial resource reuse. Therefore, it would be feasible to apply directional channel sensing in a beam forming system. If traditional omni-directional channel sensing is performed, the transmission in any direction from other nodes will block the channel. For example as shown in Figure 3-1, both the gNB and the WiFi AP transmit with beamforming. If omni-directional LBT is performed, only one node is allowed to transmit in the unlicensed spectrum, e.g. WiFi as shown in the left part of Figure 3-2. If beam specific LBT is performed at the gNB, then it is possible for both of the nodes to transmit at the same time as shown in the right part of Figure 3-2.The transmission of the gNB with beam 2 and 3 will not interfere with the transmission of the WiFi AP. Therefore, the gNB can transmit simultaneously with the WiFi AP. The spectrum efficiency is greatly increased compared with that of the omini-directional LBT scheme.
Proposal 2: Beam-specific LBT scheme should be investigated for NR unlicensed spectrum.
1.4. BWP-specific LBT
In NR, due to the UE capability, the UE may not support the whole bandwidth of the system. The gNB will configure at most four DL BWPs and four UL BWPs for paired spectrum and at most four DL/UL BWP pairs for unpaired spectrum. At each time, only one active DL BWP and one UL BWP or one DL/UL BWP pair is activated. However, when transmitting in the unlicensed spectrum, if the transmission node only monitors the channel in one particular BWP in which data was transmitted last time and detects the channel to be BUSY, even if the channels of other inactive BWPs may be IDLE, it cannot perform transmission. Therefore, a more flexible BWP specific monitoring and activation scheme should be supported.
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Figure 4 BWP-specific LBT

In Figure 4, we show an illustration of the BWP-specific LBT scheme for NR unlicensed spectrum. The UE is connected to a Pcell via an active BWP in the licensed spectrum. The active BWP in the unlicensed spectrum depends on the channel sensing result. gNB performs LBT on all configured BWPs in the unlicensed spectrum, when IDLE BWPs are detected, gNB selects one IDLE BWP as the active BWP in the unlicensed spectrum. The previous active BWP will be chosen as the active BWP with high priority if it is detected as IDLE. The UE will be informed via the active BWP in the licensed spectrum and switch to the active BWP in the unlicensed spectrum if it is different from the previous active BWP. 
In NR, wider channel bandwidth, e.g. 100MHz is supported for data transmission such as eMBB. Therefore, wideband BWP may be configured to high capability UEs as shown in Figure 5. The BWP1 of UE1 is a wideband BWP, which is overlapped with the frequency range of BWP1, BWP2 and BWP3 of UE2.
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Figure 5: LBT for wideband BWP
According to the BWP-specific LBT, a single LBT will be performed in BWP1 of UE1. Single LBT over a wideband BWP is simple but may lead to inefficient channel usage. As illustrated in Figure 5, UE2 is transmitting in active BWP3, which will interfere with the BWP1 of UE1. If single LBT is performed, the whole BWP1 may be detected as BUSY, and the other IDLE parts of the BWP1 will be wasted. Then subband LBT can be performed to avoid the interference between the narrowband BWP and the wideband BWP. A wideband BWP can be sensed by several subband LBTs as shown in Figure 5. All the IDLE subbands can be used for data transmission. E.g. the subband 4 is detected as BUSY since it is interfered with the active BWP3, subband 1-3 are detected as IDLE, then the frequency range from subband1 to subband3 can be used for data transmission.
Proposal 3: BWP-specific or subband LBT scheme should be investigated for NR unlicensed spectrum.
1.5. Nominal channel bandwidth

In unlicensed spectrum, regulations regarding nominal channel bandwidth are defined in [2]. The nominal channel bandwidth is the widest band of frequencies, inclusive of guard band, assigned to a single channel. The occupied channel bandwidth is the bandwidth containing 99% of the power of the signal. These definitions are defined according to a single channel bandwidth. However, BWP is introduced in NR, which is only part of the system bandwidth. The BWP can be activated by DCI, timer, or RRC signaling. UE will transmit only within its active BWP. In BWP operation, there is no clear view of the UL channel bandwidth for each UE. Therefore, the nominal channel bandwidth of the UE should be clarified in the NR unlicensed spectrum. Since the transmission of the UE is only performed in the active BWP, it is reasonable to define the bandwidth of the active BWP as the nominal channel bandwidth of the UE. Meanwhile, since the active BWP can be any one of the configured BWPs, the nominal channel bandwidth of the UE changes according to its active BWP.
Proposal 4: The bandwidth of the BWP can be considered as the nominal channel bandwidth for UE in the NR unlicensed spectrum.
1.6. Coordinated LBT scheme
In LTE and NR, interference mitigation and suppression schemes have been extensively studied, which make it possible for the operator to transmit with frequency reuse factor 1. In the unlicensed spectrum, these techniques and schemes can also be used to mitigate the interference. In LTE-LAA, each node performs LBT independently and hence may cause inter-node blocking within the same operation and make it impossible to achieve frequency reuse factor 1. This would decrease the spectrum efficiency. In NR unlicensed operation, it would be a good opportunity to investigate the enhanced LBT solution to enable higher frequency reuse within an operator, especially for the new spectrum with less or no legacy system. 
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Figure 6: Coordinated LBT scheme
Coordinated LTB schemes among the gNBs of a single operator can ensure simultaneous sensing and transmission of these gNBs in the unlicensed spectrum. As long as the gNBs of the same operator can distinguish each other, they will not treat same operator gNB as interferer. In Figure 6, we show an example of the coordinated LBT scheme, the gNB1, gNB2 and gNB3 of the operator 1 are able to distinguish each other via some signal detection. If there is no transmission from other nodes, e.g., gNB1 of operator 2, the channel can be detected as “IDLE” for all the gNBs of operator 1. All these gNBs can transmit simultaneously in the unlicensed spectrum. In order to perform coordinated LBT, synchronization and information exchange among gNBs are required. In Figure 6, gNB1 is the first one to obtain the channel and starts to transmit. It then broadcasts its MCOT to gNB2 and gNB3. When there is data for transmission, gNB2 and gNB3 listen to the channel, if there are no other interferer except gNB1 is detected, the channel is considered as “IDLE”. gNB2 and gNB3 can start their transmission within the MCOT of gNB1. In this way, the spectrum efficiency is greatly improved.
In addition, coordinated LTB schemes can also be performed in a synchronized way if more than one gNB have data for transmission. For example, gNB1, gNB2 and gNB3 can start LBT at the same time, and perform CCA/eCCA with a common set of parameters, e.g. contention window, slot duration of eCCA, defer duration, etc. With the coordinated LBT scheme, the three gNBs may start transmission at the same time and hence enhance the spectrum efficiency.
Proposal 5: Coordinated LBT scheme should be investigated for NR unlicensed spectrum.
1.7. Energy detection threshold

In LTE LAA, since the channel is fixed to be 20 MHz and omni-directional channel detection is perform, the energy detection threshold is unique for the transmission node. However, in NR unlicensed spectrum, when introducing beam-specific or BWP-specific LBT, the energy detection threshold for the transmission node may change according to the specific LBT object, e.g. beam, or BWP.
In LTE LAA, the maximum energy detection threshold is defined as below in [3] 
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Where:

-
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eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
-
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BWMHz is the single carrier bandwidth in MHz.
The energy detection threshold 
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is chosen to be less than or equal to 
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. From the equation we can see that
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depends on the channel bandwidth and the transmit power of the node. Therefore, for BWP-specific LBT scheme, 
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should be modified to be BWP-specific since different BWPs may have different bandwidth or transmission power. For beam-specific LBT scheme, 
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should be modified to be beam-specific since different beams may have different beamforming gains and EIRP. At the UE side, similar modifications should also be made to adapt to the BWP-specific or beam-specific LBT schemes.
Proposal 6: The energy detection threshold should be modified to adapt to the BWP-specific or beam-specific LBT schemes.
1.8. DRX
In NR LAA, in order to improve the spectrum efficiency, the DRX of the Pcell and Scell should be separately configured with different cycles, DRX ON durations, etc.  In the unlicensed Scell, the DRX ON duration can be extended for more scheduling opportunities. The extended DRX ON duration can solve the problem of signal transmission at the gNB side due to LBT. However, at the UE side, extended DRX ON duration means longer PDCCH monitoring time and hence more power consumption. Therefore, some power saving mechanisms can be introduced to save the UE power in the unlicensed spectrum. In Figure 7, we show an example of the use of go to sleep signaling for UE power saving in C-DRX mode. Before each DRX ON duration, UE monitors the go to sleep signaling with relatively low power consumption. If the signaling is detected, UE skips the ON duration and continues sleep. If the signaling is not detected, the UE then starts to monitor PDCCH in the DRX ON duration in a regular way. In this way, UE can avoid non-necessary PDCCH monitoring and save UE power. Furthermore, the go to sleep signaling can be designed as a very short transmission, therefore, the LBT may be exempted in this case. 
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Figure 7: UE power saving in C-DRX

Proposal 7: Enhanced DRX schemes should be considered in the unlicensed spectrum, including
· Separate DRX between licensed and unlicensed carrier

· Mechanisms to indicate UE to skip monitoring in DRX ON duration for power saving
4. Conclusion

In this contribution, we discussed the feasibility of the NR frame structure in NR unlicensed spectrum and different channel access schemes adapting to the NR new features. The following proposal is given:

Proposal 1: NR frame structure can be directly applied to the unlicensed spectrum.
Proposal 2: Beam-specific LBT scheme should be investigated for NR unlicensed spectrum.

Proposal 3: BWP-specific or subband LBT scheme should be investigated for NR unlicensed spectrum.
Proposal 4: BWP can be considered as the nominal channel bandwidth for UE in the NR unlicensed spectrum.
Proposal 5: Coordinated LBT scheme should be investigated for NR unlicensed spectrum.
Proposal 6: The energy detection threshold should be modified to adapt to the BWP-specific or beam-specific LBT schemes.
Proposal 7: Enhanced DRX schemes should be considered in the unlicensed spectrum, including

· Separate DRX between licensed and unlicensed carrier

· Mechanisms to indicate UE to skip monitoring in DRX ON duration for power saving
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