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1 Introduction
In RAN#75, a new work item on “Enhancements to LTE operation in unlicensed spectrum” has been approved [1]. The objectives of the WID are the following:

· 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]

Among the above objectives, the one highlighted seems to require larger RAN2 standardization efforts.

 
In this paper instead, we present our views on how to realize an autonomous uplink access for LAA from RAN2 point of view. 
2 Discussion

During last 3GPP RAN2#99 meeting, it was discussed what configuration scheme should be used to enable the autonomous UL access. In some contributions, e.g. [2]
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[3][4], it was proposed to reuse the SPS scheme as baseline, while in some other contributions, e.g. [5], it was proposed to use a bitmap to indicate which subframes are granted for the autonomous UL access (AUL).
For example, in [5], it is mentioned that the usage of the bitmap gives more flexibility to the network and avoids possible collisions with the transmissions of DRS signalling from the eNB. In our understanding the simplest way to realize autonomous uplink access for LTE LAA is to inherit the short SPS periodicities introduced in the Rel.14 latency reduction work item [6]. By enabling short SPS periodicities (i.e. 1ms, 2ms, 3ms, 4ms, 5ms) it is possible to achieve the objectives of low latency and low signal overhead for LAA operations. 
SPS is a mandatory feature that is supported in 3GPP specification already from Rel-8 in the PCell, and reusing it would greatly simplify both the RRC specification (i.e. how to handle the UL access scheme configuration) and the MAC specification, e.g. how to handle UE/eNB procedures related to configured UL grants and SR/BSR transmissions. Both from UE and eNB perspective, it seems much simpler to extend SPS PCell functionalities to the SCells rather than specifying a separate scheduling scheme for the SCells.
Observation 1 If SPS scheme is reused for AUL, RRC/MAC specification effort and UE/eNB complexity is reduced, since legacy SPS PCell functionalities can be simply extended to the SCells.

The bitmap scheme has certainly the advantage to make the eNB scheduling allocations more flexible. However, to fully exploit the autonomous UL access benefits, such flexibility might not be beneficial, since the scheduling scheme should allow the UE to transmit data as soon as possible when they become available in the UE buffer. If measuring the DRS is deemed of high priority to properly perform RRM measurements and CQI evaluations, it can be specified a rule stating that the monitoring of DRS during the DMTC window (which is configured by the network) is prioritized over UL transmissions. Introducing a bitmap just to get around the DMTC window does not seem to be needed.
Observation 2 There is no need to introduce a bitmap to prevent the UE from transmitting during the DMTC occasions, since the DMTC window is configured by the network.
Additionally, eLAA supports 4 possible starting positions between OS#0 and OS#1. Similarly, AUL transmission can be assigned a starting point other than the subframe boundary. Therefore, if in some cases the eNB wants to prioritize DL transmissions over UL transmissions, it can simply schedule the UL transmissions on a later starting position, so that the eNB can have chance to grab the channel first.

Observation 3 In Rel.15, the eNB can prioritize DL transmission over UL transmissions by scheduling UL transmissions on later starting position within the subframe rather than at subframe boundaries.

Given the above observations, we propose the following:

Proposal 1 The SPS scheme for the autonomous UL access is reused for "autonomous uplink access" on LAA cells.

Proposal 2 Monitoring of DMTC occasions shall be prioritized over UL transmissions in LAA cells.
2.1 On skip UL grant

In Rel.14, in order to limit the battery consumption and UL interference, it was agreed that UEs supporting the shorter SPS periodicities must be capable of "skip UL", i.e. to skip UL transmissions and avoid transmitting MAC PDUs with only padding when the buffer is empty. This feature as well seems to be useful in LAA and the following was agreed during last RAN2#99 meeting:
Agreements from RAN2#99:
1
Support UL skipping for AUL i.e. the UE should use AUL resources only when it has data to transmit and UE doesn’t have UL grant. FFS if a threshold is configured.

Regarding the above agreement, there is an FFS on whether a data threshold is needed to determine whether the UE should skip the UL grant or not. In Rel-14, it is assumed that the eNB should not provide grants larger than the amount of data the UE has to transmit in order to avoid padding as much as possible and interference towards other UEs or other technologies. This general scheduling principle should be still valid in Rel-15, but it should not be used as a mechanism to determine whether the UE should skip the UL grant or not, since in Rel-14 there is no requirement on eNB not scheduling a UE if there are few data in the UE buffer. The Rel-14 assumption of skipping UL grant when there is no data in the UL buffer already guarantees reduced interference.
Observation 4 In Rel.14, it is assumed that the eNB should not provide grants larger than the amount of data the UE has to transmit, but there is no requirement on eNB not scheduling a UE if there are few data in the UE buffer.

Proposal 3 There is no need to introduce data threshold to skip UL grant. The Rel.14 rule of skipping UL grant when there is no data in the UL buffer already guarantees reduced interference.
2.2 SPS confirmation
In the latency reduction work item [6], an SPS confirmation mechanism has been introduced, i.e. the UE triggers an SPS confirmation MAC CE whenever a PDCCH activation/release command is received. The motivation is that, upon SPS activation/release, the UE may anyhow skip the UL grant instead of sending padding, so that the eNB may not be able to figure out whether the UE successfully received the activation/release command.

Regarding this, it was captured the following FFS during last RAN2 meeting:

Agreements from RAN2#99:

4
FFS: Introduce an AUL activation/deactivation confirmation supporting confirmation of multiple SPS configurations on multiple serving cells.
In our understanding, the usage of AUL activation/deactivation confirmation is crucial because the UE may skip the UL grant when there are not UL data to transmit (as in the latency reduction work item). Therefore, the following issue may arise:

· If the AUL is activated, but the UE does not have any UL data, the eNB has to keep sending AUL activation commands, since the eNB does not know that the UE does not have UL data. That wastes resources.

· If the AUL is activated, but the UE missed it, latency increases. eNB can provide the AUL activation grants multiple times to make sure the UE receives it, but that would just waste resources.

· If the AUL is deactivated, but the UE missed it, the UE will reuse the deactivated resources, thus creating interference, and blocking resources.
Assuming that SPS is used for the autonomous UL access configuration, it seems straightforward to use the SPS confirmation mechanism introduced in Rel.14 for the AUL activation/deactivation
Proposal 4 Introduce support of AUL activation/deactivation confirmation, e.g. the SPS confirmation protocol introduced in the latency reduction WI.

However, the legacy SPS confirmation is just a zero-bits MAC CE because only one SPS configuration is allowed in legacy. In RAN2#99, it was agreed that:

Agreements from RAN2#99:

3
AUL can be configured at the same time in more than one uplink LAA serving cell.
Therefore, if multiple AUL can be configured, the legacy zero-bits MAC CE would be quite inefficient and ambiguous since it would not be clear for which AUL configuration the UE sent this confirmation MAC CE given that the MAC CE can be send on any carrier as agreed in last meeting. 
Agreements from RAN2#99:

2
If there is resource for both grant-based and autonomous transmission in a TTI for different cells, it is left to UE implementation whether MAC CEs are sent through grant-based or autonomous transmission

The introduction of a MAC CE SPS confirmation for multiple SPS configurations seems beneficial.
Observation 5 The zero-bits SPS confirmation MAC CE introduced in latency reduction work item is not tailored for the multiple SPS configurations.

Proposal 5 Introduce an SPS confirmation MAC CE supporting confirmation of multiple SPS configurations on multiple serving cells.
3 Conclusion

In section 2 we made the following observations:
Observation 1
If SPS scheme is reused for AUL, RRC/MAC specification effort and UE/eNB complexity is reduced, since legacy SPS PCell functionalities can be simply extended to the SCells.
Observation 2
There is no need to introduce a bitmap to prevent the UE from transmitting during the DMTC occasions, since the DMTC window is configured by the network.
Observation 3
In Rel.15, the eNB can prioritize DL transmission over UL transmissions by scheduling UL transmissions on later symbol within the subframe rather than at subframe boundaries.
Observation 4
In Rel.14, it is assumed that the eNB should not provide grants larger than the amount of data the UE has to transmit, but there is no requirement on eNB not scheduling a UE if there are few data in the UE buffer.
Observation 5
The zero-bits SPS confirmation MAC CE introduced in latency reduction work item is not tailored for the multiple SPS configurations.


Based on the discussion in section 2 we propose the following:
Proposal 1
The SPS scheme for the autonomous UL access is reused for "autonomous uplink access" on LAA cells.
Proposal 2
Monitoring of DMTC occasions shall be prioritized over UL transmissions in LAA cells.
Proposal 3
There is no need to introduce data threshold to skip UL grant. The Rel.14 rule of skipping UL grant when there is no data in the UL buffer already guarantees reduced interference.
Proposal 4
Introduce support of AUL activation/deactivation confirmation, e.g. the SPS confirmation protocol introduced in the latency reduction WI.
Proposal 5
Introduce an SPS confirmation MAC CE supporting confirmation of multiple SPS configurations on multiple serving cells.
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