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[bookmark: _Ref129681832]At the RAN #72 meeting, a WI on V2X was adopted. It includes uplink SPS enhancements [1]: 
2) To specify enhancements to UL SPS transmissions for support of V2X services including:
a) Multiple SPS configurations [RAN2, RAN1]
b) Reporting of UE assistance information for SPS transmissions [RAN2]
In this contribution, details of Semi-Persistent Scheduling (SPS) for V2X on Uu (e.g. process, signaling) are presented. Since SPS is also being discussed for PC5 in the V2V WI [2], we strive to achieve as much commonality as possible between the Uu and PC5 SPS.
SPS over Uu for V2X
Since the traffic type over PC5 and Uu are the same, the guiding principles for SPS over PC5 can be reused for SPS over Uu (e.g. multiple SPS configurations). However, the fact that SPS over Uu is unicast has to be taken into account.
Protocol
Configuration:
An SPS C-RNTI equivalent, which can be denoted as SPS RNTI, is necessary to indicate the SPS over Uu and to differentiate SPS from dynamic scheduling. In addition, the interval in original LTE stands for the number of subframes between the subsequent two SPS TBs’ initial transmissions, the same meaning can be reused. 
Proposal 1: A SPS RNTI for V2X over Uu is necessary.
Activation:
A DCI for V2X Uu scrambled by SPS RNTI is sent by the eNB to the UE to activate the SPS over Uu. In addition, the resources for SPS transmissions in time and frequency domain are indicated in the DCI.
Update:
A DCI for V2V Uu scrambled by SPS RNTI is sent to UE to update the SPS over Uu by eNB. In addition, some new resources for SPS in time and frequency domain are allocated in the DCI. 
Proposal 2: A DCI for V2X scrambled by the SPS RNTI for V2X is used to activate or update the SPS.
Release:
Since the eNB may not be aware of when transmission ends, it is unable to release the SPS via a DCI. The existing implicit release mechanism in LTE can be reused. Another simple implicit solution is to have the SPS transmission activated for a fixed duration (e.g., 5s or so), with automatic release once the duration expires. Or some explicit signaling (e.g. RRC signaling, MAC CE or UCI) could be sent by the UE to the eNB to release resources earlier. Furthermore, this method can also be used for activation/update operation.
Proposal 3: The release mechanism for SPS over Uu is implicit (e.g., the existing release mechanism in LTE, or automatic release after a given duration).
· Explicit signaling can be used for activation/update/release.
Variable period and message size
For V2X communication, both message periodicity and message size can be variable, and needs to be accommodated by the signaling.
Variable period
When the message periodicity changes, the SPS configuration needs to be modified accordingly. The UE needs to notify the eNB with, e.g. the new period, to adjust the SPS configuration. According to the existing procedure, the eNB can reconfigure the SPS via higher layer signaling and can indicate the new periodicity. For V2X, multiple SPS configurations with different periods can be preconfigured for a UE by eNB and one will be activated. When the period is changed, eNB will choose a suitable one and configure it for UE via DCI. 
Proposal 4: When the period is changed, the UE notifies the eNB with the new period, and the eNB will activate a suitable SPS configuration to the UE.
When multiple SPS configurations are configured for a UE, it is necessary to differentiate them so that the UE can active/update/release the correct SPS configuration. A new field can be included in the DCI to indicate the index of SPS configuration. 
Proposal 5: SPS index in DCI is used to differentiate SPS configurations.
Variable message size
For V2X, there could still be some packet size variations. An approach is that the eNB can configure multiple SPS processes to accommodate the variable message size. For example, let assume that an X-byte message is followed by four Y-byte messages (X > Y) and that messages are generated with a 100ms interval. The eNB can configure two sets of SPS resources: one with a periodicity of 100ms for the Y-byte packet, and one with a periodicity of 500ms for (X-Y) bytes. The resource allocation must ensure the two resources are adjacent in order to preserve the single carrier property as shown in Figure 1.


[bookmark: _Ref450036936]Figure 1. Multiple SPS processes
Proposal 6: The variable message size is addressed by configuration of multiple SPS processes (e.g., when the security certificate is transmitted vs. 'regular' transmissions)
If a message of unexpected size and/or at an unexpected time needs to be sent by the UE, dynamic scheduling can also be used by the eNB.
For Rel.12 D2D, the MCS is configured via RRC signaling. For the existing LTE unicast, MCS is carried in DCI. For V2X, different MCS can be configured for different SPS configurations, so the former can be reused. However, having a MCS field in the DCI provides more flexibility, especially with varying speed, radio conditions, etc.
Proposal 7: The MCS is included in the DCI.
Fast SR
Although SPS is introduced, dynamic scheduling is also necessary in certain scenarios. For instance, when the interval between two messages is changed (e.g., a vehicle accelerating after a traffic light), it is better to wait until the vehicle has reached a relatively steady speed before allocating semi-persistent resources. 
As was described in [3], “fast SR” is an attractive way to reduce the mode 1 signaling overhead and latency for dynamic scheduling. In addition, for the UE-triggered SPS activation/update/release according to Proposal 4, the mechanism of fast SR can also be used. In this section, details on fast SR are provided.
SR process in LTE
The SR related process in LTE mainly includes some operations, e.g. configuration, transmission and reception. A brief description of them is provided below.
Configuration:
Some SR related parameters are sent to the UE by the eNB to allocate the resource for SR in frequency domain, the cyclic shift and orthogonal code sequence and the resources in time domain (period and offset). 
Transmission:
When the UE has no UL resources to transmit its data, it can send an SR according to the related parameters configured by eNB to be granted some UL resources.
Reception:
When the eNB detects an SR, it allocates resources to the UE with the corresponding cyclic shift and orthogonal code sequence. The eNB only allocates a few resources so that the UE can transmit at least its Buffer Status Report (BSR). Then more resources will be allocated by the eNB according to the BSR.
Fast SR for V2X
The V2X message size is largely predictable (e.g. 190 bytes and 300 bytes). This can be used to reduce the signalling overhead and latency: for instance, the BSR does not need to be transmitted all the time. Similarly, the SR can be modified to take advantage of the V2X traffic characteristics (fast SR). 
Configuration:
For fast SR, multiple SR resources (e.g. PRBs) can be configured to indicate different typical message sizes (e.g., one for 190 bytes and one for 300 bytes) by using either a predefined or eNB-configured mapping between the SR and the typical message sizes.
Transmission:
When the UE has no UL resources to transmit its data, an SR can be chosen from the configured/predefined ones according to the amount of data and be sent to the eNB.
Reception:
When the eNB detects an SR with the corresponding cyclic shift and orthogonal code sequence, it knows that the UE has data to transmit (just like a regular SR), and also the amount of data to transmit. Thus some resources for sidelink can be immediately allocated to the UE, thus eliminating the need to transmit the BSR, reducing both signaling overhead and latency.
Proposal 8: Fast SR is used to reduce overhead of signaling and latency by eliminating the need to transmit the BSR.
Conclusion
In this contribution, it was observed that mode-1 outperforms mode-2. SPS and fast SR are discussed to enhance mode 1 performance and reduce overhead. We propose:
Proposal 1: A SPS RNTI for V2X over Uu is necessary.
Proposal 2: A DCI for V2X scrambled by the SPS RNTI for V2X is used to activate or update the SPS.
Proposal 3: The release mechanism for SPS over Uu is implicit (e.g., the existing release mechanism in LTE, or automatic release after a given duration).
· Explicit signaling can be used for activation/update/release.
Proposal 4: When the period is changed, the UE notifies the eNB with the new period, and the eNB will activate a suitable SPS configuration to the UE.
Proposal 5: SPS index in DCI is used to differentiate SPS configurations.
Proposal 6: The variable message size is addressed by configuration of multiple SPS processes (e.g., when the security certificate is transmitted vs. 'regular' transmissions)
Proposal 7: The MCS is included in the DCI.
Proposal 8: Fast SR is used to reduce overhead of signaling and latency by eliminating the need to transmit the BSR.
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