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1. Introduction

In RAN1#84bis, it is agreed that eNB may configure multiple SPS configurations and each SPS configurations can be dynamically activated/de-activated by (E)PDCCH [1]. The SPS mechanism is targeting to reduce latency for dynamic scheduling request and to reduce signalling overhead. Contrast to UL SPS, sidelink transmission may not be monitored by eNB and V2X traffic is more unpredictable than VoIP traffic. Therefore, we discuss PDCCH optimized for sidelink SPS operation in this contribution.
	Agreement:
· For SPS of V2V traffic for mode-1 SPS on PC5:

· The eNB may configure multiple SPS configurations for a given UE

· At least SPS-configuration-specific MCS (if MCS is part of the SPS-configuration) and SPS-configuration-specific periodicity can be configured

· FFS if/which other SPS parameters can differ across the SPS-configurations

· The eNB can dynamically trigger/release the different SPS-configurations by use of (E)PDCCH

· Details of the trigger/release are FFS

· Working assumption: The UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration

· FFS any details of the signaling protocol

· FFS whether eNB acknowledgment of the UE indication is needed


2. Mechanism for SPS activation and de-activation
Initiation of SPS configuration
In uplink and downlink SPS, eNB can decide whether SPS configuration is necessary or not based on established bearer. On the other hand, eNB may not have any information on the V2X traffic type. Therefore, a higher layer report is beneficial for initiation of sidelink SPS configuration. If such UE report is not supported, eNB may estimate V2X traffic pattern based on several V2X transmissions scheduled by dynamic eNB resource allocation. However, eNB cannot be aware of associated requirement for V2X services. Although typical requirement will be latency within 100 ms and communication range with 4 sec response time, actual requirement varies depending on operating services and UE condition. Therefore UE request is still beneficial to decide appropriate SPS configuration and UE may report some information regarding intended V2X services. If channel information measured by UE is also included in the report, performance of eNB scheduling will be further enhanced. Such UE information is also utilized even if eNB decides to operate with dynamic scheduling. 
Proposal 1: UE may semi-statically report some information regarding intended V2X services before request of eNB scheduling.
Number of SPS configurations

V2X traffic is a semi-periodic traffic with some variation in periodicity and message size according to vehicle state, e.g., UE speed. Therefore multiple SPS configurations can be configured to cover several possible SPS configurations and dynamic activation/de-activation is targeting to track current V2X traffic pattern. If eNB configures all the possible SPS configurations, tens of SPS configurations will be necessary. Assuming 2 message size (190 byte and 300 byte) and 4 periodicities (100 ms, 200 ms, 500 ms, 1 sec), number of SPS configuration is 36 instead of 8 (2 resource size × 4 periodicities). It is due to the necessity of subframe shift to meet 100 ms latency requirement for larger periodicities: For the periodicity of 1 sec, 10 types of subframe shift with 100 ms granularity (0, 100, 200… 900 ms) is necessary. Therefore 5 or 6 bits will be required to explicitly identify a SPS configuration in the configured SPS configurations. Necessary SPS configuration can be further reduced if same resource size is assumed among SPS configurations, i.e., UE adjusts MCS level according to the message size.
Observation 1: Assuming 2 resource size (for message size of 190 byte and 300 byte) and 4 periodicities (100 ms, 200 ms, 500 ms, 1 sec), maximum 36 SPS configuration needs to be supported.
Activation/de-activation DCI
As sidelink transmission may not be visible to eNB without UE reporting, dynamic activation/de-activation of SPS configurations shall be based on UE reporting. sidelink resources in the de-activated SPS configurations can be re-scheduled by eNB for sidelink/uplink operation. In order to identify a SPS configuration necessary for next transmission of V2X message, UE needs to report necessary SPS configuration or necessity of transmission for every transmission occasion in the SPS configurations. As discussed in [2], both cases require significant overhead for dynamic UE reporting. If we allow eNB to activate several SPS configurations and UE can select appropriate SPS configuration among active SPS configurations, necessary UE reporting will be significantly reduced.
Observation 2: If only a single SPS configuration can be activated, significant information needs to be reported by UE in order to identify necessary SPS configuration to be activated.

Proposal 2: Multiple SPS configurations can be activated by eNB.
If multiple SPS configurations can be activated, reliable activation/de-activation is crucial to avoid unexpected sidelink transmission due to miss-detection of the DCI. Once UE miss-detects a de-activation signalling for a SPS configuration, UE may keep transmitting using the de-activated SPS configuration which may leads unexpected resource collision. Therefore cumulative activation/de-activation for multiple SPS configuration is not feasible and a SPS process to manage a set of activated/de-activated SPS configurations is beneficial. Here we assume that an activation/de-activation DCI in a SPS process overwrites previously signalled activation/de-activation DCI in the same SPS process. Therefore SPS configurations not explicitly signalled in a DCI is implicitly de-activated and explicit de-activation may not be necessary. If the DCI is shared with a DCI for dynamic resource allocation for sidelink, 37 information bits are available if the payload size of the DCI is same as that of Rel-12 D2D (DCI format 5). If an activation/de-activation command requires 6 bits, six commands can be carried by a single DCI. The DCI for activation/de-activation will be masked with SPS-V2X-RNTI. If multiple SPS process is necessary for parallel transmission of V2X messages, SPS process ID can be carried by the DCI. Although single process can be sufficient for V2V operation, multiple SPS processes would be necessary for I2V operation. Example of the DCI structure containing multiple SPS activation commands is shown in Figure 1 and assumed procedure is summarized in Figure 2.
Proposal 3: A DCI can carry N activation/de-activation commands. SPS configurations not explicitly signalled in a DCI is implicitly de-activated.

Proposal 4: A DCI for SPS activation/de-activation commands is masked with SPS-V2X-RNTI.
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Figure 1: Multiple SPS activation/de-activation in a DCI.
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Figure 2: Procedure for SPS configuration and activation/de-activation.

3. Reliability enhancement

In this section, we further discuss possible enhancement to minimize the impact of miss-detected DCI. As proposed in section 2, the impact of miss-detection remains until next activation command is detected. In the following, we provide three possible solutions to mitigate the miss detection.
(1) Periodic transmission of DCI
If the DCI transmission is periodic similar to UL/DL configuration for eIMTA, the impact of the miss-detection is negligible. UE can be aware of miss detection of an activation/de-activation DCI if no activation/de-activation DCI is detected in the periodic occasion. If a DCI is not detected, UE may request a new resource allocation for sidelink transmission. On the other hand, periodic DCI transmission highly increases the signalling overhead. Such frequent signalling may not be feasible for the activation/de-activation DCI as it is a UE-specific control signalling.
(2) Activation command with a counter
The activation/de-activation DCI has higher layer configured counter. After the counter meets an expiration condition, UE assumes that SPS configurations associated with the DCI are de-activated. Then UE may request for transmission resource in sidelink to eNB or fallback to UE autonomous resource allocation if it is allowed. It is in-line with a periodic reselection in UE autonomous resource allocation. Possible procedure is illustrated in Figure 3. In the figure, we assume same mechanism to request new sidelink resource allocation which is specified in Rel-12 D2D. Depending on the support of dynamic resource allocation, necessary signalling can be optimized for V2X operation.
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Figure 3: Activation/de-activation DCI with counter.

(3) Repetition

Another direction is to improve the BLER of activation/de-activation DCI. If the activation/de-activation is transmitted with repetition, the BLER will be improved. If the number of activation/de-activation command in a DCI is small, e.g., two commands in a DCI, the activation/de-activation command can be repeated within a DCI. If UE can utilize the repetition in a DCI, BLER can be improved. However, the number of activation/de-activation commands in a DCI needs to be semi-statically determined to utilize the repetition for BLER enhancement. Therefore scheduling flexibility is limited. If the repetition is realized by multiple DCI transmissions using several subframes, signalling overhead is increased and needs further study for the necessity.
Therefore, we propose:
Proposal 5: The activation/de-activation DCI has higher layer configured counter. After the counter meets an expiration condition, UE assumes that SPS configurations associated with the DCI are de-activated.
4. Impact on reservation intention in SA

For sidelink V2V operation, semi-persistent scheduling is being discussed for both eNB resource allocation and UE resource allocation. If UEs with eNB scheduled SPS can indicate its plan for future transmission, co-existence of eNB resource allocation and UE autonomous resource allocation is possible. In general, such shared pool operation is possible with reservation intension in SA. Therefore, reservation intention carried by SA can be utilized for eNB resource allocation.
Observation 3: If UE semi-persistently scheduled by eNB transmits reservation intention based on active SPS configuration, co-existence of eNB resource allocation and UE autonomous resource selection in the same resource pool is possible.
5. Necessity of dynamic resource allocation

For V2X operation, most of the V2X services assumes broadcast of (semi-)periodic messages. However, several V2X services assume event-triggered traffic and V2X message to share hazard information and/or driving intention will be necessary for driving assistance and autonomous driving. Therefore, it is beneficial if dynamic resource allocation is also supported. 
Proposal 6: Dynamic resource allocation by eNB is supported. 
6. Commonality with uplink SPS

Proposed mechanism for SPS activation and de-activation can be highly reused for uplink SPS with multiple SPS configurations. There would be several differences among SL SPS and UL SPS support; Different RNTI will be used so that UE can distinguish DCI for SL SPS and UL SPS. Counter based de-activation may not be necessary for uplink. Similar mechanism is already supported by implicitReleaseAfter in MAC layer. 
Observation 4: SPS activation and de-activation mechanism for multiple SPS configurations can be highly reused for uplink SPS.
7. Conclusion

In this contribution, we discussed PDCCH optimized for sidelink SPS operation scheduled by eNB. Observation and proposals are summarized below.

· Observation 1: Assuming 2 resource size (for message size of 190 byte and 300 byte) and 4 periodicities (100 ms, 200 ms, 500 ms, 1 sec), maximum 36 SPS configuration needs to be supported.
· Observation 2: If only a single SPS configuration can be activated, significant information needs to be reported by UE in order to identify necessary SPS configuration to be activated.
· Observation 3: If UE semi-persistently scheduled by eNB transmits reservation intention by SA, co-existance of eNB resource allocation and UE autonomous resource selection in the same resource pool is possible.
· Observation 4: SPS activation and de-activation mechanism for multiple SPS configurations can be highly reused for uplink SPS.
· Proposal 1: UE may semi-statically report some information regarding intended V2X services before request of eNB scheduling.
· Proposal 2: Multiple SPS configurations can be activated by eNB.
· Proposal 3: A DCI can carry N activation/de-activation commands. SPS configurations not explicitly signalled in a DCI is implicitly de-activated.
· Proposal 4: A DCI for SPS activation/de-activation commands is masked with SPS-V2X-RNTI.
· Proposal 5: The activation/de-activation DCI has higher layer configured counter. After the counter meets an expiration condition, UE assumes that SPS configurations associated with the DCI are de-activated.
· Proposal 6: Dynamic resource allocation by eNB is supported. 
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