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1
Introduction
At RAN#75, a new WI on further enhancements to unlicensed spectrum operation for LTE has been approved in [1]. The objectives of the new WI from RAN1 perspective are:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item.
In this contribution, we provide our views on supporting autonomous uplink access with Frame Structure type 3, focusing in particular on channel access design.
2
Channel access procedure
2.1
Type of channel access
To ensure coexistence fairness with incumbent systems in unlicensed spectrum, Listen-Before-Talk (LBT) operation is mandatory before performing a transmission in LAA/eLAA. Two types of UL channel access procedure are specified for schedule based UL transmission in Release-14 UL eLAA.
· Type 1 UL channel access procedure – If the scheduled PUSCH is outside the channel occupancy time (COT) initiated by the eNB, UEs should perform a full LBT category 4 operation before PUSCH transmission.
· Type 2 UL channel access procedure – In the case of scheduled PUSCH is inside the COT initiated by the eNB, UEs may transmit PUSCH immediately after sensing the channel to be idle for at least a sensing interval 25 us. 

For autonomous UL transmission, the channel access procedure should largely reuse current channel access design for scheduled UL (SUL) transmission as baseline.
As proposed in our companion contribution [3], the eNB may indicate in which subframes autonomous UL access is allowed by using a RRC configured bitmap of e.g. 40 bits. However, given semi-static nature of RRC configuration, even though some occasions are indicated as candidate subframes for autonomous transmission, the eNB may still want to schedule DL or UL data in such occasions. Therefore, there are two cases for the location of AUL subframes: outside the eNB acquired COT and inside the eNB acquired COT. Autonomous UEs may be aware of the location of scheduled UL transmission and eNB acquired COT by reading common PDCCH, which indicates “UL duration and offset”.
In the case of autonomous UL transmission being outside the eNB acquired COT, UEs should perform a full LBT Cat 4 operation (i.e., Type 1 UL channel access) before autonomous UL transmission. 
On the other hand, AUL may coexists with SUL in the same subframe within the eNB acquired COT. In this case, AUL transmission could follow the type 2 channel access procedure as SUL. To support such operation, the following aspects need to be further considered:

1. According to ETSI BRAN regulation, MCOT sharing mechanism (i.e. “Responding device channel access mechanism” in ETSI) subjects to a “grant” from initiating device to responding device on operating channel, referring to section 4. How eNB “grant” UE for autonomous transmission subjects to the type 2 channel access procedure should be further considered (with respect to CPDCCH “UL duration and offset” field and related needed Channel Access Priority Class). 
2. Another problem is how to handle AUL and SUL coexisting within a subframe from channel access perspective should be for further study. For example, by means of adjust transmission starting position to prioritize AUL or SUL within the same subframe.
Proposal #1: UEs should perform Type 1 UL channel access procedure as baseline and conditionally perform Type 2 UL channel access procedure.
2.2
Channel Access Priority Class
Before performing type 1 UL channel access procedure, UEs have to obtain the channel access priority class to determine the defer duration, allowed contention window size, and maximum channel occupancy time. In Rel-14 eLAA, the channel access priority class is indicated from the eNB to the UE via UL grant. However, a UE may determine the LBT priority itself for autonomous UL transmission for type 1 channel access procedure as COT sharing is not applied. The channel access priority class should be related to the traffic type of following PUSCH data. The channel access priority class determination rules defined in Re-13 LAA DL can be reused for autonomous UL transmission.
Proposal #2: The channel access priority class for corresponding autonomous UL transmission subject to the type 1 UL channel access procedure is determined by the UE.
3
Starting position of AUL
As mentioned hereinbefore, the eNB may schedule DL transmission in RRC-configured AUL subframes. Therefore, AUL may collide with scheduled DL (SDL) transmission if the transmission boundaries of AUL and SDL are aligned. Blocking the SDL not only delay the DL data transmission, but also delay the UL grant for the scheduled UL transmission. As the aim of AUL is to increase the UL transmission opportunities for the UEs, AUL should not impact the scheduled DL transmission. One potential solution is to defer the starting position of AUL burst to be later than starting position of DL burst. Then, the DL transmission will block the channel access procedure of AUL.
In Rel-13 LAA, DL transmission is supported to start from slot boundary. Therefore, the starting position of AUL transmission burst should be later than slot boundary (i.e., symbol #0 and symbol #7). And, how much duration autonomous transmission should be deferred from the slot boundary need to be further specified.
Observation #1: Making the starting position of AUL transmission burst later than slot boundary can prioritize SDL over AUL.
As discussed in our companion contribution [3], we see that autonomous UL access should support both wideband (full bandwidth) as well as FDM resource allocations. Based on the AUL frequency resource allocation and presence of AUL transmission (inside or outside the eNB acquired COT), we further discuss the starting position of AUL transmission burst in four different cases.

1. Case 1: Full bandwidth based AUL outside the eNB acquired COT

In SUL transmission, the starting position of PUSCHs from different UEs are aligned in each subframe in order to support frequency domain multiplexing. However, aligned starting point for AUL may result in intra-cell transmission collision when AUL transmission occupies the entire bandwidth as shown in Figure 2 (left figure). One potential way to avoid intra-cell collision of AUL transmissions from different UEs as much as possible is distributing the starting position of AUL transmission from different UEs. Autonomous UEs may start AUL transmission on UE-specific position after LBT Cat 4 with defer access as shown in Figure 2 (right figure). In addition, CP extension can be used to fill the gap between the AUL transmission starting position and actual PUSCH data starting position. Based on analysis hereinabove, UE-specific starting position (e.g., within symbol #0 and symbol #7) may be introduced for full bandwidth based AUL transmission.
2. Case 2: Partial bandwidth based AUL outside the eNB acquired COT

When partial bandwidth based AUL (enabling FDM with other users UL transmissions) is applied outside the eNB acquired COT, UE specific starting points do not provide any benefits, but may instead prevent a UE from accessing the channel even if the PRBs assigned for it were free and therefore limit the FDM possibilities. It is therefore necessary to allow for disabling the UE specific starting position for partial bandwidth based AUL outside eNB’s COT or alternatively, use a configured fixed starting point for partial bandwidth based AUL. 

3. Case 3: Full bandwidth based AUL inside the eNB acquired COT
In this case, the AUL transmission may fully collide with SUL transmission. By default, SUL transmission may take priority over AUL transmission by setting the AUL starting positions to be symbol #1 and SUL starting positions earlier than symbol #1. In some special case (e.g., URLLC traffic is transmitting via AUL), the eNB may temporarily prioritize AUL transmission by setting the AUL starting positions to be symbol #0 and SUL starting positions later than symbol #0. Therefore, for this case a configurable PUSCH starting point seems the most reasonable operation mode here.
4. Case 4: Partial bandwidth based AUL inside the eNB acquired COT
One difference from Case 3 is that the AUL frequency resource may not overlap with SUL frequency resource in this case. Therefore, the AUL transmission may multiplex with SUL transmission in the same subframe, if the eNB could setting the starting position of AUL being align with starting position of SUL. Nevertheless, the AUL UE should not select the starting point autonomously but apply a higher layer configured AUL PUSCH starting point and the eNB will enable the FDM by setting the same starting point for the FDM-ed SUL.
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Figure 2 Common starting position v.s. UE-specific, time-varying starting position for AUL
Proposal #3: In general, the AUL PUSCH starting positions are configured by the eNB. 

Proposal #4: In addition, introduce UE-specific, time-varying starting position (e.g., within symbol #0 and within symbol #7) for (at least) full bandwidth based AUL transmission performing CCA outside the eNB acquired COT to reduce intra-cell collisions.
· FFS: how to determine UE-specific, time-varying starting positions?
Observation #2: The eNB can coordinate AUL and SUL transmission within the eNB acquired COT by setting configured AUL and dynamically-signalled SUL starting positions.
4
MCOT sharing from autonomous UEs
In Rel-14 eLAA, the eNB may initiate a channel occupancy time after the full Cat 4 LBT operation. Scheduled UEs may perform type 2 UL channel access procedure for PUSCH transmission that locates within the COT initiated by the eNB. In addition, a maximum channel occupancy time (MCOT) restricts the total duration of DL+UL transmission burst, excluding the gap larger than 25 us. Similar to the DL, autonomous UEs also start a channel occupancy time after performing the full Cat 4 LBT operation. The question is that whether the COT initiated by autonomous UEs can be shared to the eNB or other UEs. Referring to current regulation, “Responding device channel access mechanism” has been regulated in ETSI EN 301 893[1], as shown below.
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Our interpretation of the ETSI regulation are:

1. The COT initiated by an autonomous UE cannot be shared to other UEs for any UL transmission, since there is no grant transmitted from initiating UE to responding UEs.
2. The COT initiated by an autonomous UE can be shared to the eNB for DL transmission. However, the eNB cannot further share such COT to other UEs. What a grant means is not specified in the ETSI specification. The grant can be interpreted as any indication from autonomous UE to the eNB by UL control signalling. For instance, such UL control signalling/information [4] may include the number of subframes and the channel access priority class that can be used by the eNB within the UE acquired COT and may thereby be considered as the “grant” signalled to the eNB in the UL control information.
Observation #3: From regulation point of view, COT initiated by the autonomous UE is allowed to be shared with the eNB but not with other UEs. Associated UL control signalling would be needed to at least inform the eNB about the number of subframes and the applied channel access priority class. 
5
CWS maintenance
Contention window size (CWS) maintenance is one of the key features in type 1 UL channel access procedure for congestion control. In order to achieve coexistence fairness, AUL should largely reuse current CWS design for SUL transmission in Rel-14 eLAA as baseline. As AUL may follow the same type 1 UL channel access procedure as SUL, it makes no sense to introduce additional CW(s) specifically for AUL transmission mode. Therefore, the CWS update should take both SUL and AUL subframe into consideration.
Proposal #6: AUL and SUL share the same contention window(s).
6
Conclusions
In this section, we summarize our proposals and observations in this contribution. 
Proposal #1: UEs should perform Type 1 UL channel access procedure as baseline and conditionally perform Type 2 UL channel access procedure.
Proposal #2: The channel access priority class for corresponding autonomous UL transmission subject to the type 1 UL channel access procedure is determined by the UE.
Proposal #3: In general, the AUL PUSCH starting positions are configured by the eNB. 

Proposal #4: In addition, introduce UE-specific, time-varying starting position (e.g., within symbol #0 and within symbol #7) for (at least) full bandwidth based AUL transmission performing CCA outside the eNB acquired COT to reduce intra-cell collisions.

· FFS: how to determine UE-specific, time-varying starting positions?
Proposal #5: AUL and SUL share the same contention window(s).
Observation #1: Making the starting position of AUL transmission burst later than slot boundary can prioritize SDL over AUL.
Observation #2: The eNB can coordinate AUL and SUL transmission within the eNB acquired COT by setting configured AUL and dynamically-signalled SUL starting positions.

Observation #3: From regulation point of view, COT initiated by the autonomous UE is allowed to be shared with the eNB but not with other UEs. Associated UL control signalling would be needed to at least inform the eNB about the number of subframes and the applied channel access priority class.
References 
[1] RP-170848, Work Item on Enhancements to LTE operation in unlicensed spectrum, Nokia, Ericsson, Intel, Qualcomm
[2] European Telecommunications Standards Institute (ETSI) BRAN harmonized standard 301 893 v2.1.1 (2017-05)
[3] R1-1712942, Resource allocation for Autonomous UL Access, Nokia, Nokia Shanghai Bell
[4] R1-1713860, HARQ for autonomous uplink access, Nokia, Nokia Shanghai Bell
�








AUL
AUL
AUL
AUL
25 us CCA
LBT cat 4
AUL
AUL
AUL
AUL
25 us CCA
LBT cat 4
UE1
UE2
AUL
AUL
AUL
AUL
25 us CCA
LBT cat 4
25 us CCA
LBT cat 4
UE1
UE2
Defer access
UE-specific starting
UE-specific starting
collision
Common starting position
UE-specific starting position



