3GPP TSG RAN WG1 Meeting #92bis	R1-1803678
Sanya, China, April 16th – April 20th, 2018

Agenda Item:	7.6.2
Source:	Huawei, HiSilicon
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Title:	NR frame structure and scheduling on unlicensed bands
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed in RAN1 #92 meeting that [1]
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.

Frame structure of NR unlicensed (NR-U) is an important study item for fair coexistence with other RATs and better performance, e.g. higher spectrum efficiency, reliability, and lower latency. In order to have a simplified and unified system, frame structure in NR-unlicensed should mostly inherit the agreements in current NR discussions in licensed band.
In this contribution, we discuss the NR frame structure and scheduling on unlicensed band. We first focus on the frame structure design for unlicensed spectrum in NR, including bi-directional slot/MCOT, indication for MCOT structure and more frequent start/ending points in unlicensed for NR. Finally, HARQ design and transmission without grant are discussed. This contribution is revised from R1-1801370. 
[bookmark: _Ref129681832][bookmark: OLE_LINK1]Bi-directional MCOT/slot for NR unlicensed
Maximum Channel Occupancy Time (MCOT) is defined in the ETSI BRAN regulation as the total time that an equipment makes use of an Operating Channel in the unlicensed band, after which the device shall perform a new extended CCA (e.g. LBT CAT4). The concept of MCOT (also known as TXOP in IEEE) is further extended in 3GPP eLAA and IEEE 802.11 HCCA which enables bi-directional transmission between eNB(AP) and UE(STA) without LBT CAT4 in MCOT. As MCOT may start at any time with variable duration, the frame structure design in NR should be flexible and efficient enough to make use of MCOT. 
As we reviewed previously, bi-directional frame structure has already been supported by NR in licensed band. Therefore, bi-directional transmission can be implemented in NR-unlicensed. The slot duration can also be configured for different scenarios. It provides more flexibility to construct bi-directional MCOT which includes bi-directional transmission as plotted in figure 1. 
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1. MCOT with one DL/UL switch
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1. MCOT  with multiple DL/UL switch points
Figure 1 Examples of bi-directional slot/MCOT
Option (a) has one DL/UL switch point within MCOT, similar as eLAA. It allows gNB to receive acknowledgement for the DL transmission and granted UL transmission within the same MCOT, which can be regarded as frame structure with bi-directional MCOT. It also has the advantage of less overhead from only one DL/UL switch point and avoiding multiple LBTs between successive DL only slots. However, it is risky for the gNB to schedule an UL transmission far apart considering the uncertainty of channel availability. The HARQ timing is also complex considering the variable MCOT duration and DL/UL configuration. 
On the contrary, bi-directional slots in option (b) allow for immediate acknowledgement of DL transmission in the same slot, which simplifies HARQ timing. Besides, fast and frequent UL/DL switching simplifies the procedure of feedback in unlicensed band. For instance, the immediate UL response for UL grant ensures the channel availability in UL transmission. Moreover, the bi-directional slot also has better forward compatibility. Sidelink and transmission without grant can easily reuse the UL dominant slot type within MCOT. Meanwhile additional overhead on the frequent DL/UL switching and multiple LBTs between slots are still required. The requirement for short processing delay also prohibits the smaller subcarrier spacing and longer slot which are beneficial for high throughput. Therefore, the tradeoff between fast direction switching and overhead should be further studied in possible use cases. 
[bookmark: OLE_LINK35][bookmark: OLE_LINK37]Proposal 1: NR-U should strive to fulfil the HARQ feedback/response to UL grant in the same MCOT. The number of switch points per MCOT should be further studied.
Indication of MCOT structure
UE could benefit from the information of DL/UL configuration of MCOT. By identifying DL portion of MCOT, UEs could only monitor DL control information in DL portion instead of every slot in a MCOT to reduce power consumption. And it also benefits for UE to average CSI measurement.  In addition, by identifying UL portion of MCOT, it facilitate UE to use one-shot LBT for UL transmission within a MCOT without per UE signaling of LBT type, which saves signaling overhead.  
Currently, semi static DL/UL configuration by RRC signaling is already supported in both LTE and NR licensed band. However, in unlicensed band MCOT structure could vary frequently due to uncertainty of LBT and interference environment in unlicensed band. Thus semi static configuration might not be suitable and dynamic configuration would be preferred. In general, MCOT structure indication could be carried in a common control channel such as SFI in NR licensed design, and a special SFI format dedicated for NR unlicensed band could be studied. For example, MCOT structure indication could be transmitted in every MCOT or every several MCOT. Moreover, MCOT structure indication could also be transmitted and updated within a MCOT for multiple times in order to increase UE detection reliability, where later indication could overwrite previous indication. 
Proposal 2: NR-U should support indication of MCOT structure, and indication mechanism could be further studied.
More frequent start/ending points in NR unlicensed
[bookmark: OLE_LINK23][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]In LAA/eLAA/FeLAA, both DL and UL transmission should start and end at certain fixed points. To be more specific, using frame structure type 3, both DL and UL transmission could start at slot boundaries of every 0.5ms. Since LBT generally ends at any time instance not matching symbol/slot boundaries, the time period (max 0.5ms) between the end of LBT and start of PDCCH/PUSCH transmission is wasted. The case is better for the ending points where more OFDM symbol positions (symbol #[2 5 8 9 10 11 13] for DL and symbol#[6 12 13] for UL) are used as partial slot ending points, but it is still not flexible enough. Therefore, NR-unlicensed should provide more frequent start/ending points than LAA/eLAA for more flexible transmission. In other words, NR-unlicensed should support smaller time-resource unit for data transmission.
Currently, mini-slot has been already defined as a shorter time-resource unit than slot in NR, and one of its use cases is for NR-unlicensed. Mini-slot could provide channel access opportunity as frequently as every OFDM symbol if mini-slot is allowed to start at any OFDM symbol. The length of mini-slot changes with its starting point (“mini slot a” in figure 2) because it is preferred not to exceed the slot boundaries. However, the overhead of control channel and RS is high when the length of mini-slot is small, e.g. one symbol mini-slot. UE is also required to monitor DCI on each OFDM symbol if DL control signal is assumed at the beginning of each mini-slot. How to find the actual starting position needs further study since there is no always-on signal in NR such as CRS in LAA.
A tradeoff can be achieved by limiting the start point and length variation of mini-slot. As plotted in “mini-slot b” in figure 2, the mini-slot can start at every 2 OS. The time gap between the end of LBT and the next slot boundary could be filled with aggregation of multiple 2 OS mini-slot. In uplink, UE can also benefit from being scheduled with multiple consecutive mini-slots because it has more chances to access the channel. 
The finer granularity of channel access can also be achieved with higher SCS. Assuming the mini slot of 7 OS with 60KHz SCS, gNB can start DL transmission at every 125us. Compared with LAA, it increases the channel access opportunities in DL by 3 times with trivial standardization efforts. The partial slot at the end of MCOT in LAA may not be necessary considering the finer time granularity for each scaled slot. In uplink, the number of OS reserved for LBT varies depending on the LBT categories, e.g. 2 OS is required for 25us LBT, i.e. CAT.2. Short symbol duration of 60KHz SCS can also reduce overhead on the DL/UL switch. 
  [image: ]
Figure 2: channel access mechanisms in unlicensed band
[bookmark: OLE_LINK13]In the figure 3, we analyzed the time portion wasted after LBT within MCOT according to theoretical calculation. It is assumed that ending of LBT conforms to uniform distribution within a slot. Both mini slot and 60 KHz SCS can reduce the wasted time period. The additional flexibility of mini-slot starting from any symbol (scheme a or scheme d) does not provide significant gain over the schemes with mini-slot with fixed start point and length (scheme b) or 7OS mini slot with 60KHz SCS (scheme c), especially for large MCOT values. 
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Figure 3:  Portion of wasted time for slot and mini-slot
[bookmark: OLE_LINK36]Proposal 3: NR-U should study to increase the possible starting points compared with LTE LAA for both downlink and uplink data transmission.
Proposal 4: NR-U should consider the following schemes to increase channel access opportunities in unlicensed band.
· Starting from every 7OS when higher SCS and NCP is adopted, e.g. 60KHz
· FFS: starting from every or every 2OS when subcarrier space is small, e.g. 15KHz
HARQ feedback
The PUCCH time resource is provided by the PDSCH-to-HARQ-timing-indicator field in the DCI, which provides the PUCCH slot index. There is a one-to-one mapping between the value of the PDSCH-to-HARQ-timing-indicator and the slot index. The slot indices are either pre-defined (e.g., for DCI format 1_0) or are RRC configured (e.g., DCI format 1_1). For a slot which has been determined by the PDSCH-to-HARQ-timing-indicator, the UE transmits HARQ-ACK bits (on PUCCH or PUSCH). The slots for the associated HARQ-ACK bits are given either by determining a set of slots for PDSCH receptions (for semi-static HARQ-ACK codebook) or by determining a set of PDCCH monitoring occasions and using DAI values (for dynamic HARQ-ACK codebook). 
If the PUCCH is subject to LBT, the UE cannot transmit the PUCCH upon a LBT failure. Moreover, the gNB may not be able to discriminate between whether no PUCCH reception is due to LBT failure or due to complete DTX (i.e., all PDCCHs were missed). The latter would incur retransmission of all PDSCHs and should be avoided, while the former could be alleviated by allowing the UE to make another transmission attempt of the PUCCH. Therefore, multiple opportunities for HARQ-ACK feedback should be supported in NR-U, and two options could be considered as follow
· Option 1: The PDSCH-to-HARQ-timing-indicator can provide a set of slots in which the PUCCH can be transmitted. The UE would chose the first slot if LBT succeeds but if LBT fails, proceed to the next slot (possibly with new LBT) etc., until all indicated slots have been exhausted. The associated PDSCHs could be determined as normally done for the indicated slot containing the PUCCH. Figure 4 shows an example with a semi-static HARQ-ACK codebook, where the PDSCH-to-HARQ-ACK-timing-indicator provides two slots and since the LBT fails for slot n+m+K1, the PUCCH is (after successful LBT) transmitted in slot n+m+K1+x, containing the HARQ-ACKs for PDSCH in slot n+K0+1 and n+K0+2.
[image: ]
[bookmark: _Ref509395175]Figure 4. Example of option 1.
· Option 2: Only one slot for PUCCH transmission is indicated in each PDCCH as normally done in NR, however supplementary transmission of UCI could be scheduled together with the following UCI. As shown in Figure 5, PUCCH slot n+k contains the HARQ-ACKs for PDSCH in slot n and n+1. If LBT succeeds for slot n+k, the next available PUCCH slot n+m+x will only contain the HARQ-ACKs for PDSCH in slot n+m. However, if LBT fails for slot n+k, the failed HARQ-ACK feedback could be scheduled in the next available opportunity, and slot n+m+x will contain the HARQ-ACKs for PDSCH in slot n, n+1 and n+m.
[image: ]
Figure 5. Example of option 2.
Proposal 5: Multiple opportunities in time domain for HARQ-ACK feedback of one HARQ process should be supported in NR-U, and the following two options should be further studied.
· The PDSCH-to-HARQ-timing-indicator can provide a set of slots in which the PUCCH can be transmitted.
· One slot for PUCCH transmission is indicated in each PDCCH, and supplementary transmission of UCI could be scheduled together with the following UCI.
For the HARQ codebook design, besides the multiple TBs, TTIs, carriers, and CBGs, multiple opportunities for HARQ-ACK feedback should also be taken into account. It has been agreed that both semi-static and dynamic HARQ-ACK codebook are supported for NR. For NR-U, semi-static and dynamic HARQ-ACK codebook could also be two potential solutions. For semi-static one, due to potential supplementary transmission of HARQ-ACK, the number of HARQ process should also be considered when determining the HARQ codebook size. For example, by using bit-map based codebook, if a UE needs to feedback HARQ-ACK bits for PDSCHs received within 4 slots across 8 carriers, and assume the max HARQ process number is 16, then the semi-static HARQ-ACK codebook size will amount to 512. Furthermore, if the CBG based retransmission is supported, and assume the max CBG number for each TB is 4, then the HARQ-ACK codebook size will be 2048, which is a huge burden for UL control channel. By contrast, dynamic HARQ codebook has a benefit of significant overhead reduction because only the actual scheduled PDSCHs need to be acknowledged. To avoid the ambiguity between UE and gNB when they determining the bit number of HARQ-ACK information, the existing DAI mechanism can be considered as a starting point for dynamic HARQ-ACK codebook determination. To enable transmitting pending A/N after LBT due to LBT failure, enhancement on top of current DAI mechanism can be further studied. 
Proposal 6: Dynamic HARQ-ACK codebook should be supported in NR-U, and the DAI mechanisms in NR/LTE can be considered as a starting point. 
Uplink transmission without grant(TWG)
The studies in Rel-14 eLAA have revealed that grant-based UL transmission in unlicensed spectrum was disadvantaged in terms of throughput and latency compared to autonomous UL transmission of other coexisting RATs such as Wi-Fi. This in fact has led to Rel-15 FeLAA specifications of the LTE-based autonomous uplink (AUL) by which the UE is allowed, upon activation, to transmit the PUSCH on pre-configured resources without transmitting an SR and receiving an UL grant. Carrying this experience forward, and given the absence of a licensed anchor cell for transmission of SR or cross-carrier UL grant in some deployment scenarios targeted in NR-U such as SA, it becomes imperative to support NR-based grant-free UL transmission mechanisms that can exploit as well the enhancements and flexibilities of the NR air interface. 
Motivated by the stringent latency requirements of some UL traffic applications such as URLLC, NR has so far specified two types for UL transmission without grant (TWG) in the licensed band. In UL-TWG-Type1, PUSCH transmission is based solely on UE-specific RRC configuration of resources including; time-frequency resources, RS, MCS, RV sequence, and number of repetitions. Whereas in UL-TWG-Type2, PUSCH transmission further depends on UE-specific L1 activation signal which can update some transmission parameters as well. 
As such, the mechanism for NR-U TWG could be based on the existing UL-TWG-Type1 or UL-TWG-Type2; the latter would be similar to the LTE-based AUL. In both cases, a successful LBT is required before gNB transmits the PDSCH carrying the RRC configuration and also for each channel access before the UE transmits the PUSCH on the pre-configured resources. However, with a mechanism based on Type2, gNB is further required to perform a successful LBT before transmitting the L1 (re-)activation/de-activation signal and the UE is required to perform a successful LBT before responding with a MAC CE. Whereas in a mechanism based on Type1, no LBT is required for the transmission of an L1 (re-)activation/de-activation signal and a respective MAC CE response.. Meanwhile, the UE does not need to continuously monitor the UE-specific DCI, except when a DL grant or ACK/NACK feedback is expected; this energy efficiency benefit is particularly important for the devices of IoT applications. In any case, an UL TWG in NR-U needs to comply as well with the other regulatory requirements in the unlicensed spectrum such as the minimum OCB requirement, and therefore, the resource configuration should also include the frequency interlace(s) to be used. 
Compared to NR in the licensed band, the anticipated UL traffic intensity for transmission without grant in NR-U is much larger though, and therefore, whether the NR-U TWG is based on TWG-Type1 or TWG-Type2, access of multiple UEs to the same time-frequency resources should be supported. This is because a group of UEs can align the starting time of their TWG transmissions on the same configured time-frequency resources and thus avoid mutual blocking among the group during the channel sensing while the resource utilization is improved despite the burst traffic. Furthermore, savings in signaling overhead and UE energy consumption can be achieved when group common signaling is employed for ACK/NACK feedback, TPC, or even link adaptation.  
In addition to periodic TWG transmissions based on TWG-Type1 or TWG-Type2, the gNB could also dynamically allow a group of TWG UEs to transmit on additional TWG resources by sending a DL common alignment signal such as a short DCI carrying a group ID. Beside the increased flexibility in coping with UL traffic variations, such common alignment signal allows the TWG UEs to use one shot CAT2 LBT by sharing the gNB-acquired MCOT, e.g., in a B-IFDMA manner.  
Proposal 7: Both type 1 and type 2 TWG should be supported in NR-U.
Proposal 8: Resource configuration for uplink transmission without grant should support access of multiple UEs to the same time-frequency resources. 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the frame structure and scheduling in NR-unlicensed band based on current agreements for NR licensed band, and have the following proposals: 
Proposal 1: NR-U should strive to fulfil the HARQ feedback/response to UL grant in the same MCOT. The number of switch points per MCOT should be further studied.
Proposal 2: NR-U should support indication of MCOT structure, and indication mechanism could be further studied.
Proposal 3: NR-U should study to increase the possible starting points compared with LTE LAA for both downlink and uplink data transmission.
Proposal 4: NR-U should consider the following schemes to increase channel access opportunities in unlicensed band.
· Starting from every 7OS when higher SCS and NCP is adopted, e.g. 60KHz
· FFS: starting from every or every 2OS when subcarrier space is small, e.g. 15KHz
Proposal 5: Multiple opportunities in time domain for HARQ-ACK feedback of one HARQ process should be supported in NR-U, and the following two options should be further studied.
· The PDSCH-to-HARQ-timing-indicator can provide a set of slots in which the PUCCH can be transmitted.
· One slot for PUCCH transmission is indicated in each PDCCH, and supplementary transmission of UCI could be scheduled together with the following UCI.
Proposal 6: Dynamic HARQ-ACK codebook should be supported in NR-U, and the DAI mechanisms in NR/LTE can be considered as a starting point. 
[bookmark: _GoBack]Proposal 7: Both type 1 and type 2 TWG should be supported in NR-U.
Proposal 8: Resource configuration for uplink transmission without grant should support access of multiple UEs to the same time-frequency resources. 
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