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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: _Toc459641819][bookmark: _Toc460018760]During RAN1#86 meeting following agreements were achieved on enhancement to UL SPS for V2X, including support for multiple SPS configurations:
Agreements: 
· A SPS RNTI for V2X over Uu is necessary.
· FFS whether this SPS RNTI is specific to V2X or can be the same as the legacy SPS C-RNTI
· A DCI format 0 for V2X scrambled by the SPS RNTI for V2X is used to activate or update the SPS.
· Both explicit release and an implicit release mechanism for SPS over Uu are supported (details FFS).
· Explicit signaling from the UE to the eNB (ask RAN2 if they can design the appropriate signalling, e.g. using a MAC CE) can be used to indicate to the eNB when activation/update/release is desired.
· For activation, a “desirable time offset” (e.g. relative to SFN0) is included
· When the period is to be changed, the UE notifies the eNB with the new period
· Multiple SPS configurations can be active at the same time.
· An indicator(s) in DCI format 0 (e.g. SPS index or an indicator mapped to SPS index) is used to differentiate SPS configurations.
· FFS whether existing field(s) (e.g. TPC for PUSCH) is reused or a new field is added
· FFS whether each SPS configuration is always activated/released by a separate DCI or whether multiple SPS configurations can be activated or released by a single DCI.
· In the event of a resource conflict between SPS configurations, only one transmission can occur
· RAN1 leaves it up to RAN2 to determine any possible mechanism for resolving resource conflicts between SPS configurations

[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]In this contribution, we discuss the details of DCI design to support multiple SPS configurations, including SPS RNTI for V2X, DCI contents to differentiate SPS configurations.

Discussion on SPS RNTI for V2X
The existing UE-specific SPS C-RNTI is used for both DL and UL SPS transmissions for DCI CRC scrambling. For V2X over Uu interface, to support periodic traffic transmission, eNB can configure SPS transmission for a UE via RRC signaling for the purpose of V2X transmission and activate it by DCI format 0 in one subframe. If same RNTI is used for SPS V2X transmission and cellular SPS uplink transmission, eNB should ensure only one SPS transmission is configured for either cellular purpose or V2X purpose. Otherwise a UE cannot differentiate it after a DCI with CRC scrambled by SPS RNTI is successfully decoded. However, this leads to limitation in eNB scheduling to some extent. Considering there may be multiple SPS transmissions configured for a given UE for V2X transmission, anyway, new signaling bit(s) in DCI format 0 for SPS activation are needed to distinguish each SPS transmission. Therefore, for less specification effort, the SPS transmission for V2X over Uu could share the same SPS C-RNTI for cellular SPS transmission. 

[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal 1: RNTI for V2X SPS transmission over Uu can use the same legacy SPS C-RNTI.

Discussion on DCI contents to differentiate SPS configurations
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]In the current UL SPS operation, after configured by higher layer signaling for UL-SPS, the UE shall monitor DCI format 0 with CRC scrambled by SPS C-RNTI to detect whether the configured UL-SPS configuration is activated or released.  The design principle can be reused for multiple SPS transmissions for V2X. Furthermore, the existing bits in DCI format 0 can be redefined to avoid the introduction of new signaling bits in DCI format 0 for distinguishing different SPS configurations.

Proposal 2: The existing fields in DCI format 0 need to be redefined to support V2X SPS.

To support multiple SPS transmissions for V2X purpose, there are two alternatives for SPS activation/release. The first alternative is to use multiple DCI format 0s and each can only activate/release one SPS. If more than one V2X SPS configurations for one UE need to be activated/released simultaneously in a same subframe, eNB has to transmit multiple DCI format 0s in one subframe. This allows for maximum flexibility while introducing higher PDCCH signaling overhead. The second alternative is to allow one DCI format 0 to activate/release multiple SPS transmissions simultaneously, which can greatly reduce the signaling overhead. The benefit of each alternative is dependent on the maximum number of SPS configurations for one UE. This should be determined before RAN1 can decide whether separate DCI or single DCI for multiple SPS activation/release. 
Based on above analysis, we have below proposals:
Proposal 3: The maximum number of SPS configurations needs to be determined before RAN1 can decide whether separate DCI or single DCI for multiple SPS activation/release.

Furthermore, in order to maintain the single carrier property in UL transmission, the frequency resource used for multiple SPS transmissions should be contiguous when the multiple SPS transmissions occur in the same subframe. In the meanwhile, the frequency resource should be non-overlapped when multiple SPS need to be transmitted in the same subframe. This may bring complexity for eNB scheduling during the resource allocation especially when different SPS may be configured with different transmission periods in the time domain and different bandwidth in the frequency domain. In addition, DCI format 0 for multiple SPS activation may need a larger field to indicate the frequency resource for each SPS transmission. Similar problem exists for MCS indication. To avoid introducing too much payload, further study is needed.
Proposal 4: Further study is needed for indicating resource allocation and MCS for multiple SPS activation in a single DCI.

Conclusions
In this contribution, we focus on DCI design to support multiple SPS configurations, including the details of SPS RNTI for V2X, indicator(s) in DCI to differentiate SPS configurations. The following proposals are provided:

Proposal 1: RNTI for V2X SPS transmission over Uu can use the same legacy SPS C-RNTI.
Proposal 2: The existing fields in DCI format 0 need to be redefined to support V2X SPS.
Proposal 3: The maximum number of SPS configurations needs to be determined before RAN1 can decide whether separate DCI or single DCI for multiple SPS activation/release 
Proposal 4: Further study is needed for indicating resource allocation and MCS for multiple SPS activation in a single DCI.
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