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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 our paper [3], we discuss the importance of supporting an autonomous uplink access scheme, in order to boost the performances of legacy UL LAA. 
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

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 [2]. 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. 
Proposal 1 The shortest SPS periodicities (1ms, 2ms, 3ms, 4ms, 5ms) specified in Rel-14 latency reduction work item are used as autonomous uplink access scheme for LAA. 
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.
Proposal 2 To limit battery consumption and UL interference, LAA UEs supporting short SPS periodicity should be capable of skipping UL transmissions.

An obvious issue that arises when configuring short SPS periodicities is that it may lead to high resource wastage since the UE has a dedicated resource which it may not even use assuming that it can skip UL transmissions. To counteract this issue and increase the spectral efficiency, in the Rel.14 study item on latency reduction [2], it was discussed the possibility to enable contention based PUSCH transmissions. With this mechanism, the eNB can assign the same physical resources to different UEs and distinguish them by assigning different PUSCH DMRS resources (i.e. different cyclic shifts). Correct decoding of the different cyclic shifts should not be a major issue at low traffic load when the short SPS periodicities are expected to give higher gains. This proposal has not been adopted in the latency reduction work item, but in our understanding, it has the potential to significantly boost the overall spectral efficiency as discussed in [2].
Proposal 3 From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same SPS resources in some scenarios. 
2.1 SPS on SCells
Until Rel.14, the SPS can only be configured in the PCell. From Rel.14, it is possible, in the context of V2X, to configure multiple SPS configurations for UL and sidelink possibly also in SCells. Since LAA cells cannot be PCell, it seems natural to assume that the SPS can be configured also in SCells. In general, it seems beneficial to enable SPS also in SCells regardless of whether such SCells are LAA cells or not. 
Proposal 4 SPS can be configured at the same time in more than one serving cell.

Today a UE can be configured with up to 32 cells, so in order to allow full signalling flexibility, RAN2 should in principle support up to 32 different SPS configurations per UE, e.g. each of them with different periodicities. However, since each SPS configuration signalled by RRC consists of an SPS periodicity and some related transmitting parameters (such as the p0 power), it does not seem necessary in a practical system to use many different SPS periodicities and related transmitting parameters. Instead, as assumed in V2X, it seems enough for the time being to allow configuration of maximum 8 different SPS configurations per UE, where each of them can be applied to more than one serving cell. This would also imply less RAN1/RAN2 standardization effort, since already the existing design of the multiple SPS framework specified for V2V allows for maximum 8 different SPS configurations per UE in the UL. 
Proposal 5 As in V2X, each UE can be configured with up to 8 different SPS configurations, i.e. 8 different periodicities. Each of such SPS configurations can be applied to multiple serving cells.

In V2V, the same cell can be configured with multiple SPS configurations which can be active simultaneously. To avoid different signalling mechanisms with respect to V2V, it is suggested to allow that also in Rel.15. Additionally, depending on the load status and interference pattern, the eNB might configure different SPS periodicities in different carriers in order to have a more balanced resource allocation distribution. 
Proposal 6 As in V2X, multiple SPS configurations can be activated per serving cell.
Regarding the activation/release of the SPS, similar procedures as the legacy SPS can be adopted. In particular, as in V2V, each SPS configuration is associated to an SPS index which is then used by PDCCH DCI0 to activate/release a specific configuration in certain cells.

Proposal 7 As in V2X, each SPS configuration is associated to an SPS index which is used by PHY signalling (e.g. PDCCH (DCI0)) to indicate activation/release of this SPS configuration in certain cells.

2.2 SPS confirmation
In the latency reduction work item [2], 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.

The same mechanism is obviously needed also in the context of LAA, since besides the lack of UL data to transmit, the UE may also skip the UL grant because of LBT events. 
Observation 1 In the latency reduction work item, a zero-bits SPS confirmation MAC CE was introduced to confirm SPS activation/release commands.

However, the legacy SPS confirmation is just a zero-bits MAC CE because only one SPS configuration is allowed in legacy. Now, if Proposal 4 is accepted, multiple SPS can be configured so that the legacy zero-bits MAC CE would be quite inefficient and ambiguous since it would not be clear for which SPS confiuration the UE sent this confirmation MAC CE. The introduction of a MAC CE SPS confirmation for multiple SPS configurations seems beneficial
Observation 2 The zero-bits SPS confirmation MAC CE is not tailored for the multiple SPS configurations.

Proposal 8 It is beneficial to 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
In the latency reduction work item, a zero-bits SPS confirmation MAC CE was introduced to confirm SPS activation/release commands.
Observation 2
The zero-bits SPS confirmation MAC CE is not tailored for the multiple SPS configurations.


Based on the discussion in section 2 we propose the following:
Proposal 1
The shortest SPS periodicities (1ms, 2ms, 3ms, 4ms, 5ms) specified in Rel-14 latency reduction work item are used as autonomous uplink access scheme for LAA.
Proposal 2
To limit battery consumption and UL interference, LAA UEs supporting short SPS periodicity should be capable of skipping UL transmissions.
Proposal 3
From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same SPS resources in some scenarios.
Proposal 4
SPS can be configured at the same time in more than one serving cell.
Proposal 5
As in V2X, each UE can be configured with up to 8 different SPS configurations, i.e. 8 different periodicities. Each of such SPS configurations can be applied to multiple serving cells.
Proposal 6
As in V2X, multiple SPS configurations can be activated per serving cell.
Proposal 7
As in V2X, each SPS configuration is associated to an SPS index which is used by PHY signalling (e.g. PDCCH (DCI0)) to indicate activation/release of this SPS configuration in certain cells.
Proposal 8
It is beneficial to introduce an SPS confirmation MAC CE supporting confirmation of multiple SPS configurations on multiple serving cells .
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