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1 Introduction

In RAN #75, the new work item on enhancements to LTE operation in unlicensed spectrum was approved with following objectives [1].
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]
· (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 [RAN1, RAN2, RAN4]
· The work item should also specify base station and UE core requirements to support the above features [RAN4]

In RAN1 88b meeting, RAN1 kicked off the study on multiple starting and ending positions for UL and DL. And from this meeting, the study of autonomous uplink access begins. This contribution considers resource allocation aspects for autonomous UL access. 
2 Discussion
In Rel-14 L2 latency reduction techniques and V2V/V2X for LTE WI, following enhancements on UL semi-persistent scheduling (SPS) have been introduced.

1) UE can skip UL transmission on the configured UL resources when there is no UL data to transmit.

2) Shorter SPS periodicities (e.g. 1ms) are introduced

3) Feedback for SPS activation/release command

4) Non-adaptive retransmission with fixed RV 0 on the configured UL resources
5) Multiple SPS configurations 

At least UL SPS with above enhancements can be a good starting point for design of autonomous UL transmission.

Semi-static resource allocation
Resource allocation mechanism for UL SPS in Rel-14 can be reused for autonomous UL transmission. That is, at least time domain resource (e.g. periodicity) for autonomous UL transmission (there could be multiple SPS configuration, if similar mechanism in V2X is used) is pre-allocated by RRC signaling. Then, the UE is allowed to transmit PUSCH after receiving UL SPS activation command which is scrambled by a new RNTI for autonomous UL transmission (e.g. AUL-RNTI). In Rel-14 V2X, multiple SPS configurations (up to 8) have been introduced. The main reason to introduce multiple SPS configurations is for different V2X traffic type which needs different periodicity. In LAA, it is not necessary to differentiate periodicity the motivation to introduce multiple configurations for autonomous UL transmission is not clear. The frequency domain resource for autonomous UL transmission can be indicated by DCI for activation. 
Proposal 1: At least resources for autonomous UL transmission are allocated by RRC based on LTE UL SPS configuration. 

· FFS: Multiple configurations for autonomous UL transmission

Dynamic resource allocation
Semi-static resource allocation for SPS is mainly designed for licensed carrier so that eNB is able to configure appropriate resources for SPS. However, for autonomous UL transmission on unlicensed spectrum, the configured UL resources may not be used frequently due to LBT. In addition, it is possible that eNB may occupy resources configured for autonomous transmission to transmit DL control signal/channel (e.g. DRS), which may be inevitable when configured periodicity is small, e.g., 1ms. Since DRS can be transmitted in any subframe within DMTC, it is not easy to avoid RRC-configured resources for autonomous transmission not to collide with DMTC. Note that it is desirable eNB should always have higher priority than autonomous UL transmission.  
Proposal 2: All (or part) of subframes within the configured DMTC should not be used for autonomous UL transmission

Therefore, it is beneficial for UE if  resources can be dynamically assigned for autonomous UL transmission. For dynamic resource allocation for autonomous transmission, C-PDCCH can be used to indicate the resources based on the at least following options
· Option 1: Subframes for autonomous UL transmission are explicitly indicated by C-PDCCH

· Pros: Flexibility of resource allocation for autonomous transmission

· Cons: signaling overhead in C-PDCCH

· Option 2: Subframes for autonomous UL transmission can be implicitly known as in between DL and UL subframes within MCOT indicated by C-PDCCH

· Pros: No additional signaling overhead in C-PDCCH

· Cons: 

· At least one subframe should be assigned for scheduled-based UL transmission although there may be no  scheduled-based UL transmission.
· Flexibility of resource allocation for autonomous transmission is limited

· Option 3: UL subframes within MCOT indicated by C-PDCCH can also be used for autonomous transmission

· Pros: No additional signaling overhead in C-PDCCH

· Cons: Scheduled-based UL transmission can be blocked by autonomous UL transmission

Because each of options has its pros and cons it should be further investigated thoroughly how UE knows resource dynamically allocated for autonomous UL transmission.
Proposal 3: In addition to RRC configured resources, dynamic resource allocation for autonomous UL transmission is supported

· FFS: how UE knows resources dynamically assigned for autonomous transmission
Activation/release by DCI
Similar to LTE UL SPS, the RRC configured resources for autonomous transmission can be activated/released by one of DCIs defined for eLAA (e.g. DCI Format 0A). Then, the following occasions for autonomous transmission (i.e. Nth grant for autonomous transmission) can be determined by the subframe where UE receives the L1 activation command. In eLAA, a timing relationship between UL assignment and corresponding UL data transmission is indicated to the UE by DCI. Therefore, the timing offset indicated by activation DCI together with the subframe receiving activation DCI can be used to determine occasions of the configured resources.

Proposal 4: The occasion of the configured resources for autonomous transmission can be determined by the timing offset indicated by activation DCI and the subframe receiving activation DCI. 
In LTE, a UE should consider the received DCI information accordingly as a valid SPS activation or release if special fields in the DCI scrambled by SPS-C-RNTI are set to predefined values as in following table.
Table: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

	
	DCI format 0
	DCI format 1/1A
	DCI format
 2/2A/2B/2C/2D

	TPC command for scheduled PUSCH
	set to '00'
	N/A
	N/A

	Cyclic shift DM RS
	set to '000' if present
	N/A
	N/A

	Modulation and coding scheme 
and redundancy version
	MSB is set to '0'
	N/A
	N/A

	HARQ process number
	N/A
	FDD: set to '000'
TDD: set to '0000'
	FDD: set to '000'
TDD: set to '0000'

	Modulation and coding scheme
	N/A
	MSB is set to '0'
	For the enabled transport block:
MSB is set to '0'

	Redundancy version
	N/A
	set to '00'
	For the enabled transport block:
set to '00'


Similarly, specific field(s) in the DCI format 0A scrambled by a new RNTI for autonomous transmission (e.g. AUL-RNTI) can be used to validity check of activation/release command. For example, PUSCH trigger A, Timing offset, Redundancy version, HARQ process number, and TPC command for scheduled PUSCH fields can be candidates of special fields for validation unless one of these fields is used for autonomous transmission. For release, Modulation and coding scheme, Resource block assignment can also be considered. 
Proposal 5: Similar to LTE SPS, validation of activation/release command can be achieved by special fields in the DCI scrambled by a new RNTI for autonomous transmission

Starting and ending position

In general, it is desirable that DL transmission and scheduled UL transmission are prioritized than autonomous transmission. For scheduled UL transmission, potential collision with autonomous UL transmission may be avoided by eNB scheduling to some extent. Although collision between downlink transmission and autonomous UL transmission may also be avoided by eNB scheduling, it would result in significant downlink performance degradation unless the periodicity of autonomous transmission is too large. Therefore, priority handling among transmissions should be considered. One way to give different priority to different kind of transmissions is to set starting position of autonomous transmission later than other transmissions. For example, starting position of autonomous transmission can be fixed to later than symbol #0 (e.g. symbol #1) in a subframe while scheduled UL transmission is set to before that for autonomous transmission (e.g. symbol 0 or before symbol #1).

Similar to starting position of autonomous transmission, ending position can also be fixed to be at symbol #12. The main motivation of introducing ending position at symbol #12 is to provide gap for DL LBT to be able to transmit DL from subframe boundary. However, since it is difficult to dynamically control the ending position of autonomous transmission, the ending position of autonomous transmission can be fixed or set by the activation DCI.

Proposal 6: Autonomous UL transmission can be deprioritized than other transmission by setting different starting/ending position.
3 Conclusions 

This contribution considers aspects of resource allocation aspects for autonomous UL access and proposes the following based on the discussion.

Proposal 1: At least resources for autonomous UL transmission are allocated by RRC based on LTE UL SPS configuration. 

· FFS: Multiple configurations for autonomous UL transmission

Proposal 2: All (or part) of subframes within the configured DMTC should not be used for autonomous UL transmission

Proposal 3: In addition to RRC configured resources, dynamic resource allocation for autonomous UL transmission is supported

· FFS: how UE knows resources dynamically assigned for autonomous transmission

Proposal 4: The occasion of the configured resources for autonomous transmission can be determined by the timing offset indicated by activation DCI and the subframe receiving activation DCI. 

Proposal 5: Similar to LTE SPS, validation of activation/release command can be achieved by special fields in the DCI scrambled by a new RNTI for autonomous transmission

Proposal 6: Autonomous UL transmission can be deprioritized than other transmission by setting different starting/ending position
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