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1 Introduction
In RAN2#94 meeting, some initial agreements on the new SPS protocol for V2X were made.

	Agreements:
· Multiple SPS configuration with different configuration parameters can be configured by eNB.   Which SPS configuration is being activated/deactivated can be signalled.  Details of control signalling are left to RAN1.  It is FFS whether we allow multiple configurations to be active at the same time.  Two options are possible:

· One active SPS at a time (as per LTE) 

· Multiple SPS active at a time (SPS configuration and UE assistance information may be linked to one or more radio bearers).

For V2V WI (PC5) and V2X (Uu) conclusion:

· From a RAN2 point of view, for UL SPS, it is not necessary to send an indication to the eNB that an SPS grant will not be used.  Therefore, the working assumption on “the UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration” is not needed.


In RAN2#95 meeting, further agreements on SPS configuration were reached.

	Agreements:
· Multiple SPS can be activated simultaneously


In this paper we develop this topic further by focusing on the SPS configuration details by taking into account the outcome of the email discussion [95#32] on SPS [4]. In our companion contribution [3], we provide our view on the UE Assistance Information report. 

Some more stage-3 details on this topic are given in our companion CRs [1]
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2 Discussion
The new SPS protocol for V2X consists of two main features:

-
Multiple SPS configurations provided by the eNB

-
UE assistance at least on periodicity and/or timing can be provided to eNB

In the following, we describe in more details the implications of the multiple SPS configurations.
2.1 Multiple SPS configurations 
The eNB can configure the UE with multiple SPS configurations as agreed in RAN2#94. Additionally, multiple SPS can be activated simultaneously as per RAN2#95 agreement.
In our view, since the maximum number of PPPP is 8, it seems reasonable to support up to 8 SPS configurations and in principle all such configurations can be activated simultaneously.

Proposal 1 Up to 8 SPS configurations per UE can be configured and activated by the eNB.
In practice, similar to what happens in LTE, the eNB configures the UE with multiple possible sidelink SPS configurations via RRC signalling and activates/deactivates each of the configured SPS configurations with lower layer signalling, e.g. PDCCH as for the UL SPS in LTE. 
Proposal 2 As in LTE, the SPS configuration(s) is carried over RRC, while activation/release is carried via PDCCH. 

Regarding how to address an SPS configuration there are 2 different alternatives:

1.
A dedicated SPS C-RNTI for each SPS configuration is assigned by eNB.
2.
A single SPS C-RNTI valid for all the SPS configurations is assigned by eNB.
In both cases it is assumed that, similar to LTE, the UE shall monitor in every subframe the PDCCH with CRC scrambled with SPS C-RNTI to check whether the SPS is released/(re)-activated. Therefore, option 1 seems to require a bit more UE complexity since the UE shall simultaneously monitor for multiple SPS C-RNTI potentially both for PC5 and Uu. Additionally, it is always beneficial to limit consumption of the RNTI space. Additionally, option 2 seems simpler from UE complexity, and it looks more aligned with current SPS specification, where a single UE-specific SPS C-RNTI valid for both UL and DL SPS is assigned to the UE.
Observation 1 In current specification, both UL and DL SPS are associated to a single UE-specific SPS C-RNTI.
Proposal 3 All the SPS configurations (i.e. uplink, downlink, sidelink) are associated to a single UE-specific SPS C-RNTI.

In order to address multiple SPS configurations, each SPS configuration should be associated to an index that the eNB can use to activate/release that specific SPS configuration via PDCCH. This is similar to cross-carrier scheduling and should not require large standardization effort. Obviously, a separate DCI (e.g. DCI5, or a new DCI defined by RAN1) should be used for sidelink.
Proposal 4 Each SPS configuration shall be associated to an SPS index that the eNB can use to activate/release a specific SPS configuration via PDCCH.
In [4], the issue on whether the SPS configuration should also indicate the carrier to which that SPS configuration applies was raised. However, this does not seem to be needed since it can be achieved with the cross-carrier indicator field that should be introduced in DCI format also to support mode-3 cross-carrier scheduling.
Observation 2 There seems to be no need to introduce a carrier indicator field in the SPS configuration. 

Moreover, the eNB should also provide the SPS scheduling interval (i.e. the SPS periodicity) of each SPS configuration. In RAN2#95, it was agreed to introduce the following SPS scheduling intervals (50ms, 100ms, 200ms, 300ms, 400ms, 500ms, 600ms, 700ms, 800ms, 900ms, 1000ms). In last RAN#73 plenary meeting it was agreed to introduce the “support for traffic with smaller periodicity on PC5 based V2V using shorter resource reservation period” [5]. In our understanding this objective calls for the introduction of further SPS scheduling intervals to support shorter latency for e.g. DENM packets.

Proposal 5 Introduce (10sf, 20sf) SPS scheduling intervals in order to support traffic with smaller periodicity on PC5 based V2V (as indicated in the new V2X WID).
2.2 Association between traffic types and SPS configurations

It might be beneficial if the SPS configuration also indicates the associated traffic type (e.g. in the form of logical channel ID or PPPP) that the UE should prioritize when using this SPS configuration. If an LCID is used, traffic from that logical channel is prioritized over traffic from other channels when performing the logical channel prioritization for transmission on the SPS resource. If a PPPP is used, then traffic from logical channels with that priority is prioritized. In practice, we believe that each SPS configuration can be mapped to one or more traffic types. 

Proposal 6 Each SPS configuration can be mapped to one or more traffic types.

Our preference is that this association should be in terms of PPPPs rather than LCIDs, since it is foreseen that each PPPP will be mapped to different traffic types by the application layer (which operates under the control of a V2X Application Server), where each of such traffic types might need separate SPS configuration. On the other hand, if the mapping is in terms of LCIDs it might be difficult to guarantee a reliable association between traffic types and SPS configurations, since the mapping between LCIDs and PPPPs is up to UE implementation. 
Observation 3 Since how to map PPPPs to LCIDs is left to UE implementation, it might be hard to guarantee reliable association between traffic types and SPS configurations, if this association is expressed in terms of LCIDs.
Proposal 7 The association between traffic types and SPS configurations is in terms of PPPPs.
2.3 SR Mask

In legacy UL SPS, 
it is defined since Rel-9, an SR mask (logicalChannelSR-Mask) associated to each logical channel which controls whether for that logical channel SR is allowed to be triggered or not. This feature is particularly useful to avoid that the UE sends SR for periodic traffic (e.g. VoIP) that instead should exploit the configured SPS. 
Obviously, not in all scenarios, the configuration of an SR mask is foreseen, especially in highly dynamic traffic scenarios (e.g. urban scenarios) where the periodicity of CAM is expected to change often. However, in other scenarios (e.g. highways, platooning) where the variation on periodicities is not expected to be high, the SR mask can be useful also because it allows to limit the burden on SR resources. 
Therefore, in our opinion an SR mask can be configured per PPPP either as part of the SPS configuration or as part of sidelink communication configuration. 

Observation 4 For periodic traffic configured with SPS, it is beneficial to limit SR resource consumption and interference.

Proposal 8 As in legacy UL SPS, introduce an SR mask to be associated to PPPPs in order to control the SR triggering when an SPS grant is configured.
2.4 Sidelink SPS Release 
In this section, we discuss how to release an SPS configuration. Clearly, the eNB can release the sidelink SPS at any time, however since the eNB cannot monitor the sidelink traffic receiving feedbacks from the UE on the ongoing traffic status is fundamental. For this reason, it was agreed in RAN2 to introduce a UE Assistance Information message that the UE should use to report to the eNB the some sidelink traffic characteristics (i.e. the periodicity, and the expected offset of future packet arrivals)

Additionally, the UE assistance information can be used by the UE to indicate when a sidelink SPS configuration should be released due to traffic termination on the sidelink. It should be possible for the eNB to configure a proper release mechanism in order to guarantee a good trade-off between low SPS resource wastage and varying traffic dynamics which might occasionally lead to unused SPS occasions.
Observation 5 It should be possible for the eNB to configure a proper release mechanism in order to guarantee a good trade-off between low SPS resource wastage and varying traffic dynamics which might occasionally lead to unused SPS occasions.

The simplest option is to adopt a similar mechanism to what specified in legacy UL SPS, in which the eNB configures the UE with a parameter sidelinkReleaseAfter that indicates the amount of consecutive unused SPS occasions after which the UE should consider the sidelink traffic terminated. Therefore after sidelinkReleaseAfter unused SPS occasions, the UE should inform the eNB that a specific SPS configuration shall be released, and then both UE and eNB considers this SPS configuration released.
This mechanism allows the eNB to control for how long SPS resources can be remained unused, and since it is very similar to what specified in legacy UL SPS should be considered as a baseline.

Proposal 9 After a configurable number of consecutive sidelink SPS occasions not used by the UE, the UE notifies the network and then considers this SPS configuration released.

Another release mechanism, discussed in [4], is that the eNB configures a valid duration for an SPS configuration. When the time elapsed exceeds the valid duration since the activation for this specific SPS configuration, the UE and eNB implicitly release the related SPS. 

A drawback of this approach is that for the eNB to determine the proper duration of an SPS configuration might be hard. The result is that the implicit release might happen at any point in time. If at the point of the release the UE is engaged in V2V traffic, the SPS release would potentially cause latency and overhead due to the transmission of UE Assistance Info to reactivate the release SPS configuration. On the other hand, it might also happen that due to the timer configuration, the UE keeps the SPS resources too long unnecessarily. So to us, benefits of this release mechanism are not clear.
Observation 6 It is not beneficial to introduce a timer to indicate for how long a sidelink SPS configuration is valid, because it is hard for the eNB to set the timer to a proper value. This might result in latency/overhead (in case the SPS is released too early) or resource wastage (in case the SPS is released too late).
2.5 The content of an SPS configuration
In conclusion, given the discussion in previous sections, we believe that each SPS configuration should be characterized by the following parameters:
Proposal 10 Each SPS configuration should at least indicate 
a. The SPS scheduling interval of sidelink data subframes (i.e. 10sf, 20sf, 50sf¸ 100sf, 200sf, 300sf, 400sf, 500sf, 600sf, 700sf, 800sf, 900sf, 1000sf),
b. The index of the SPS configuration
c. The PPPP associated to this SPS configuration,

d. The number of unused sidelink SPS occasions before release.

Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion.
Proposal 11 Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
In current specification, both UL and DL SPS are associated to a single UE-specific SPS C-RNTI.
Observation 2
There seems to be no need to introduce a carrier indicator field in the SPS configuration.
Observation 3
Since how to map PPPPs to LCIDs is left to UE implementation, it might be hard to guarantee reliable association between traffic types and SPS configurations, if this association is expressed in terms of LCIDs.
Observation 4
For periodic traffic configured with SPS, it is beneficial to limit SR resource consumption and interference.
Observation 5
It should be possible for the eNB to configure a proper release mechanism in order to guarantee a good trade-off between low SPS resource wastage and varying traffic dynamics which might occasionally lead to unused SPS occasions.
Observation 6
It is not beneficial to introduce a timer to indicate for how long a sidelink SPS configuration is valid, because it is hard for the eNB to set the timer to a proper value. This might result in latency/overhead (in case the SPS is released too early) or resource wastage (in case the SPS is released too late).


Based on the discussion in section 2 we propose the following:
Proposal 1
Up to 8 SPS configurations per UE can be configured and activated by the eNB.
Proposal 2
As in LTE, the SPS configuration(s) is carried over RRC, while activation/release is carried via PDCCH.
Proposal 3
All the SPS configurations (i.e. uplink, downlink, sidelink) are associated to a single UE-specific SPS C-RNTI.
Proposal 4
Each SPS configuration shall be associated to an SPS index that the eNB can use to activate/release a specific SPS configuration via PDCCH.
Proposal 5
Introduce (10sf, 20sf) SPS scheduling intervals in order to support traffic with smaller periodicity on PC5 based V2V (as indicated in the new V2X WID).
Proposal 6
Each SPS configuration can be mapped to one or more traffic types.
Proposal 7
The association between traffic types and SPS configurations is in terms of PPPPs.
Proposal 8
As in legacy UL SPS, introduce an SR mask to be associated to PPPPs in order to control the SR triggering when an SPS grant is configured.
Proposal 9
After a configurable number of consecutive sidelink SPS occasions not used by the UE, the UE notifies the network and then considers this SPS configuration released.
Proposal 10
Each SPS configuration should at least indicate
a.
The SPS scheduling interval of sidelink data subframes (i.e. 10sf, 20sf, 50sf¸ 100sf, 200sf, 300sf, 400sf, 500sf, 600sf, 700sf, 800sf, 900sf, 1000sf),
b.
The index of the SPS configuration
c.
The PPPP associated to this SPS configuration,
d.
The number of unused sidelink SPS occasions before release.
Proposal 11
Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion.
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