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1. Introduction
In this contribution, based on progress so far in RAN2 and RAN1, we provide considerations on both multiple SPS support and grant-free transmission from RAN2 point of view.
2. Discussion
2.1. Multiple SPS configuration
Agreements in RAN2#98:
1.	In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.
2.	LCP is performed the same regardless whether the grant is dynamic or SPS.  SPS is a “configured grant”.
3.	FFS is multiple SPS is supported for duplication or to support different numerologies
4.	Implicit release of UL SPS resources is not supported 

In LTE, there is at most only one SPS configuration per UE. That is designed mainly for voice services and in release 14 also for delay sensitive service. In NR, there are diversity service types foreseen to be mapped on SPS. The diversity includes different delay requirement and periodicity. Further, these services may be mapped on different numerologies with different SPS interval, MCS and TTI duration. Thus it is natural to have separate SPS configuration according to numerology and periodicity to achieve efficiency.
For data duplication, duplicated LCH will be configured on different carriers to achieve frequency diversity gain. It is preferred to have similar transmission delay for the two duplicated flows. To support multiple SPS configuration per MAC entity will help both duplicated flows to be transmitted using SPS resources.
If multiple SPS configuration per UE is supported, one SPS configuration should not be limited to SpCell.
Proposal 1: Both multiple SPS on same carrier and on different carriers are supported. SPS can be configured on carriers other than SpCell.

If multiple SPS configuration is supported, one issue is how to distinguish the target SPS configuration of a SPS command.
In LTE, SPS command is used for SPS activation/deactivation and is carried in DCI scrambled by SPS C-RNTI. For SPS activation, UE starts/restarts to configure SPS resource according to the time when it receives the SPS command and the SPS command can be transmitted at any time. Thus it is necessary for UE to distinguish the target SPS configuration of a SPS command.
· Option1: Each SPS configuration is associated with a different SPS C-RNTI. This option is straight forward, but UE needs to monitor multiple RNTIs at the same TTI.
· Option2: Only one SPS C-RNTI is configured for a UE, and a SPS configuration index is indicated in SPS command. Similar method is adopted in V2X. UE needs only monitor one SPS C-RNTI.
· Option3: Only one SPS C-RNTI is configured and SPS command transmitted within certain numerology is regarded as for the SPS configuration associated to that numerology. This option limits the configuration flexibility, i.e. only one SPS configuration per numerology.
Option 2 is more preferable since similar approach is already adopted in V2X and there is no limitation on configuration with this option.
Proposal 2: A common SPS C-RNTI is configured for all SPS configuration configured for a UE, and an index in SPS command is used for indicating its target SPS configuration.

In LTE, the SPS HARQ process ID is calculated as following formula (asynchronous UL HARQ operation as example), copied from 36.321for reference:
For configured uplink grants, the HARQ Process ID associated with this TTI is derived from the following equation for asynchronous UL HARQ operation:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes,
where CURRENT_TTI=[(SFN * 10) + subframe number] and it refers to the subframe where the first transmission of a bundle takes place.
According to the formula in LTE SPS, SPS HARQ process ID ranges from 0 to its numberofConfUlSPS-Processes-1.
Considering it was agreed that there is only one HARQ entity per carrier, the SPS HARQ process ID associated to different SPS configuration configured on the same carrier should avoid conflict with each other.
If multiple SPS configuration is adopted and more than one SPS configuration can be configured on same carrier, the formula used in LTE for HARQ process ID calculation will results the problem that different HARQ processes from different SPS configuration have same process ID, since process ID starts from 0 for all SPS configurations.
There are options could be considered to address this problem:
· Option1: For each SPS configuration, a HARQ process ID offset is configured. The SPS HARQ process ID of a SPS configuration starts from the offset value.
· Option2: SPS configurations are ordered according to configuration order, and the HARQ process ID associated to a SPS configuration is calculated by considering the HARQ process number of all SPS configurations before that SPS configuration.
Proposal 3: To adopt a HARQ process ID calculation method to avoid HARQ process ID conflicting if multiple SPS configurations is supported per carrier. 
2.2. Grant-free transmission and SPS
Till now, it is not determined whether SPS or some SPS-like mechanism is used for grant-free transmission. 
In last RAN1 meeting, there are agreements on grant-free transmission according to [2].
	Agreements:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
2. Actions:
RAN1 would like to kindly ask RAN2 to take the above agreements into account.



On the transmission scheme, RAN1 is still discussing whether there is difference between grant-free transmission and SPS, mainly on the method for identification of conflicting UEs, e.g. pre-loaded RS.
Observation 1: RAN1 has not decided whether grant-free transmission and SPS share the same UL transmission scheme.

Another difference between grant-free and legacy SPS according to RAN1 agreement is configuration method. RAN1 agreed to support grant-free resources are valid immediately after configuration via RRC signaling. For NR SPS, this configuration scheme for grant-free transmission can be adopted.
RAN1 also agreed to support legacy SPS method, i.e. L1 signaling for activation/deactivation and/or modification. Legacy SPS command method can be reused for both NR SPS and grant-free transmission.
Proposal 4: NR SPS and grant-free transmission share the same configuration scheme via RRC and L1 signaling.

Further, there are other commonalities which are shared by NR SPS and grant-free transmission:
· From MAC point of view, both SPS and grant-free resources can be regarded as configured grant due to the scheduling without PDCCH nature.
· In legacy LTE, there is method for HARQ process ID calculation if HARQ is asynchronous. It’s also agreed that uplink asynchronous HARQ is introduced in NR. Thus, the same method to determine the HARQ process ID can be used for both NR SPS and grant-free transmission.
· Retransmission is also needed for grant-free transmission. And the retransmission scheme should be same for asynchronous HARQ in SPS.
More ever, to use SPS as baseline for grant-free transmission will simplify specification and UE implementation.
Proposal 5: To use NR SPS as baseline for grant-free transmission in respect to configuration scheme and HARQ operation.

On the other hand, because grant-free resources may be shared by multiple UEs, some differences in MAC layer processing need to be considered.
First, MAC layer may needs to know whether the configured UL grant will be shared by other UEs to help LCP make proper decision, e.g. to prioritize the grant if multiple grants exist at the same time.
If grant-free transmission scheme is different to SPS UL transmission, MAC layer also needs to be aware of the type of UL grant, in order to indicate physical layer to perform UL transmission in proper way.
Observation 2: UE may need to be aware of the configured UL grant is grant-free or SPS.
Proposal 6: Grant-free transmission can be regarded as a special kind of SPS.

Different services from different UEs may have different delay requirement. To configure UE with SPS interval according to delay requirement is more efficient in respect to resource efficiency and collision reduction. Thus, it is preferable to have the flexibility to configure different SPS interval for different UEs which share some grant-free resources.
And further, the start point grant-free resources configured for different UEs are not necessarily to be aligned. This can further provide flexibility for networking control the usage of grant-free resources.
As shown in figure 1, UE1 is configured with SPS interval 10ms, and UE 2 and UE3 are configured with SPS interval 20ms. The configured grant-free resources for UE 2 and UE 3 starts from different time point, thus the usage of grant-free resource are more even than otherwise.


Figure 1: illustration on grant-free resource shared by multiple UE

Proposal 7: The periodicity of grant-free resources is UE specific and is configured individually for a UE. 
Proposal 8: The start point of grant-free resources is UE specific, and UE can be activated to use grant-free resources individually.

In LTE, UL process number using SPS resources is configure by RRC message. When grant-free resources are shared by more than one UE, different UEs may have different service requirement/throughput requirement. Thus, the number of UL HARQ process to use grant-free resources should be configured individually for each UE.
Proposal 9: Number of UL HARQ process to use grant-free resources is configured individually for UE.

From network point of view, it’s necessary to activate/deactivate or modify the MCS/frequency of configured UL grant for all UEs sharing the grant-free resources. The most efficient way is to have a common activation/deactivation procedure. The straightforward way to implement this procedure is to configure a common SPS C-RNIT for UEs sharing grant-free resources.
Proposal 10: Group-wise activation/deactivation/reconfiguration of shared grant-free resources should be supported.

RAN2 has agreed that skipUplinkTxSPS mandatory for SPS. This should also be applicable for grant-free transmission. Then when UE receives SPS C-RNTI for SPS command, SPS confirmation should be triggered as in legacy SPS.
Proposal 11: SPS confirmation is triggered when SPS command is received with UE specific SPS C-RNTI, no matter grant-free resources are shared or not.

3. Conclusion
For multiple SPS configuration, we propse:
Proposal 1: Both multiple SPS on same carrier and on different carriers are supported. SPS can be configured on carriers other than SpCell.
Proposal 2: A common SPS C-RNTI is configured for all SPS configuration configured for a UE, and an index in SPS command is used for indicating its target SPS configuration.
Proposal 3: To adopt a HARQ process ID calculation method to avoid HARQ process ID confliction if multiple SPS configurations is supported per carrier. 

For relationship between grant-free transmission and SPS: 
Observation 1: RAN1 has not decided whether grant-free transmission and SPS share the same UL transmission scheme.
Observation 2: UE may need to be aware of the configured UL grant is grant-free or SPS.

Proposal 4: NR SPS and grant-free transmission share the same configuration scheme via RRC and L1 signaling.
Proposal 5: To use NR SPS as baseline for grant-free transmission in respect to configuration scheme and HARQ operation.
Proposal 6: Grant-free transmission can be regarded as a special kind of SPS.

For grant-free transmission configuration and operation:
Proposal 7: The periodicity of grant-free resources is UE specific and is configured individually for a UE. 
Proposal 8: The start point of grant-free resources is UE specific, and UE can be activated to use grant-free resources individually.
Proposal 9: Number of UL HARQ process to use grant-free resources is configured individually for UE.
Proposal 10: Group-wise activation/deactivation/reconfiguration of shared grant-free resources should be supported.

SPS confirmation issues for grant-free resource configuration:
Proposal 11: SPS confirmation is triggered when SPS command is received with UE specific SPS C-RNTI, no matter grant-free resources are shared or not.
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