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1. Introduction
UL SPS was discussed in RAN#84bis as possible enhancement for Uu-based V2X. It was also discussed that this discussion is related with the SL SPS design in SL-based V2V WI on which the following agreements were made [1]: 
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
This contribution discusses on the details of (E)PDCCH design for uplink SPS, while maintaining the commonality with the sidelink SPS (E)PDCCH as mentioned in the companion contribution [2] that the uplink SPS design for V2X is based on the outcome on sidelink SPS in sidelink-based V2V  WI

2. Discussion
2.1. (E)PDCCH design for uplink SPS 
UL SPS and SL SPS share lots of commonality in that both target the same or similar V2X message transmissions and resource is granted from the eNB. Thus, it is desirable to make them as common as possible. As SL SPS discussion is in the WI phase, it would be reasonable to first wait for the progress on the SL SPS design. Then, modifications for UL operation can be discussed.
For UL SPS (E)PDCCH design, the DCI for UL grant (e.g. DCI format 0) can be a baseline. Considering the properties of SPS, the UL SPS (E)PDCCH should distinguish SPS trigger / release and should support multiple SPS configuration. Thus, it may be needed to modify some of the existing fields of a DCI format in order to introduce a new field (e.g. SPS configuration index) while reusing the existing DCI format (e.g. DCI format 0). The SPS configuration field can be expressed as an index of the SPS configuration. For example, when there are 7 configurations, the size of the SPS configuration field can be 3 bits. Observing the existing LTE UL SPS, the 3 bit cyclic shift DM RS field is set to ‘000’ for validation of both SPS trigger / release. For example, if the cyclic shift DM RS field is utilized as SPS configuration index, remaining values except for ‘000’ can be matched to SPS configuration 0 ~ SPS configuration 7 as shown in Table 1. Validation of V2X uplink SPS trigger / release can be achieved similar to LTE UL SPS except that the cyclic shift DM RS field is already reserved for V2X UL SPS configuration index.
Table 1. Mapping of Cyclic shift DM RS field with V2X UL SPS configuration index
	Value of Cyclic shift DM RS  field in DCI format 0
	Usage

	‘000’
	Legacy LTE UL SPS

	‘001’
	UL SPS configuration 0 for V2X

	‘010’
	UL SPS configuration 1 for V2X

	‘011’
	UL SPS configuration 2 for V2X

	‘100’
	UL SPS configuration 3 for V2X

	‘101’
	UL SPS configuration 4 for V2X

	‘110’
	UL SPS configuration 5 for V2X

	‘111’
	UL SPS configuration 6 for V2X


 The SPS configuration field can be also expressed as a full bitmap (e.g. 8 bits) format which may be appropriate to indicate the simultaneous operation of multiple SPS configuration when the number of SPS configuration is limited to a reasonable number or there remains enough area in the DCI.
Proposal: UL SPS design for V2X is based on the outcome on SL SPS in SL-based V2V WI.
Proposal: DCI format 0 can be reused for design of UL SPS (E)PDCCH for V2X.

2.2. Handling of collision between different SPS configurations
An important topic in UL SPS is how to handle the variation in the message arrival pattern. Once the message arrival pattern changes, a UE needs to report this to eNB so that a proper action can be taken. As proposed above, UE report for SL SPS discussed in [3] can be the benchmark of the UL SPS design, and we reiterate the discussion below for the convenience of technical discussion.
The details of the 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” can be further discussed. One topic is whether the intention of no data transmission is limited to a single SPS transmission opportunity of an SPS configuration or the intention will last for relatively long time duration for an SPS configuration. 
For the indication of a long-term intention, the UE report is a kind of “request to change/release the SPS configuration.” That is, if a UE does not intend to use a certain SPS configuration for a while due to the change in the message arrival pattern, it can report this situation so that the eNB can activate a different SPS configuration more aligned with the new message pattern. We note that it is agreed to dynamically activate/release different SPS configurations and such report is needed to assist the eNB operation. As this indication will not be as frequent as the SPS period which is not shorter than 100 ms, high layer signaling seems proper in order to avoid excessive UL overhead for this report. So the details of the report can be discussed in RAN2.
For the indication of a short-term intention, the UE report is a kind of “confirmation on a single transmission opportunity” and the eNB can know whether a certain SPS opportunity will be actually used by the UE or not. As a design detail, the confirmation can be either “positive confirmation” or “negative confirmation.” In case of positive confirmation, the UE reports when it transmits data and the absence of this positive confirmation is interpreted as indication of no data transmission such that the corresponding resources can be used for the other purpose. In case of negative confirmation, the UE reports when it does not transmit data. Comparing these two possibilities, positive confirmation seems a better choice in the sense that it can reduce the number of transmissions for this report. If the indication of a short-term intention is to address the difficulty in eNB’s tracking fast change in the message arrival pattern, eNB needs to allocate many transmission opportunities with a short SPS period and a UE will use only a part of them while skipping the other opportunities. Thus, having positive confirmation has the benefit that transmission of the confirmation message is not more than the actual SPS data transmission. This benefit becomes much clearer when a UE is configured with multiple SPS configurations, e.g., in order to handle the message size variation, because, in case of negative confirmation, a UE needs to transmit something before all the unused SPS opportunities. On the other hand, positive configuration can be generalized to the “selector” of SPS configuration in each data transmission when the confirmation can indicate the SPS configuration which is actually used. For example, a PUCCH resource can be allocated to a UE and the index of the SPS configuration which will be used for the next data transmission can be included in the PUCCH transmission.
Figure 1 illustrates an example where the two discussed reports are used together. Here, a UE is configured with three SPS configurations with different periods, 1000, 500, and 100 ms. The UE is first activated with SPS configuration #1. When the message generation period changes to 100 ms, the UE reports the “change request” so that the eNB can release SPS configuration #1 and activate SPS configuration #3. Then, the message generation period changes to 500 ms, the UE does not have data in some SPS opportunities, and neither positive confirmation nor the corresponding data is transmitted accordingly. When the UE recognizes this situation, the UE reports the “change request” again so that the eNB can activate SPS configuration #2.

[image: ]
Figure 1. An example of using UE report in adaptation to the message arrival pattern change.

[bookmark: _GoBack]For the short-term intention report on the confirmation of SPS transmission, RAN1 needs to further consider how it is multiplexed with other UL transmissions. In order to simplify the specification impact, it is proposed that such report related to SL transmission has a lower priority than any other existing UL transmissions. For example, when a UE is scheduled to transmit UL HARQ-ACK or PUSCH in a subframe, the confirmation of SPS transmission is dropped. As the eNB knows when a UE may transmit this confirmation, it can always avoid the dropping situation by its scheduling. When the confirmation transmission is dropped by eNB scheduling, a UE should be able to transmit data in the associated SPS opportunity not to violate the latency requirement. eNB will not use the SPS resource for the other purpose as it knows that the confirmation transmission is dropped.

3. Conclusion
This contribution discussed on the details of uplink SPS (E)PDCCH design and related uplink issues. Our observations and proposals can be summarized as follows:
Proposal: UL SPS design for V2X is based on the outcome on SL SPS in SL-based V2V WI.
Proposal: DCI format 0 can be reused for design of UL SPS (E)PDCCH for V2X.
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