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1. Introduction
In RAN2#97bis meeting, following agreements on SPS are reached [1].
-	Like in legacy LTE, at least SPS period is configured by RRC. FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion. 
-	UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable.
-	Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.

Based on the agreements so far, considerations are provided on SPS in this contribution. In more specific, SPS configuration, HARQ related issues and multiple SPS configuration issues are discussed.
2. Discussion
2.1. SPS configuration
In last meeting, there is a FFS on how frequency resources, MCS, etc., for SPS are provided? [1]
In LTE, MCS and frequency information are provided to UE by SPS command, i.e. SPS activation, which is carried in DCI scrambled by SPS C-RNTI. This dynamic scheme provides a flexible way to configure SPS resources in addition to the start time point of SPS resources. In LTE, the start point of SPS resources is when UE (re)initiate configured DL assignment or UL configured UL grant after reception of SPS activation command.
For NR, there are several options to indicate the frequency resource and MCS:
· Option 1: To use the similar method as in LTE SPS. 
· Option 2: To use RRC signaling.
· Option 3: To use MAC CE to indicate this information.
Option 1 has minimal signaling overhead and is easier in alignment between UE and network on start time point. Option 2 is most reliable with retransmission mechanism with biggest signaling overhead and hard to align the start time. Option 3 is not different to option 2 in sense of signaling overhead with less reliability.
Although this issue should be decided by RAN1, we propose option 1 from RAN2 point of view.
Proposal 1: MCS/frequency resources are configured by SPS activation command as in LTE.

According to RAN1 agreement, K repetition is supported for both dynamic and SPS transmission. For SPS, additional parameter should be added for K repetition. One option is to indicate K as part of RRC configuration, like SPS interval. Another option is to indicate this parameter in SPS command. To indicate K in SPS command provides a chance for network to reconfigure the repetition number with minimal signaling overhead.
Proposal 2: Parameter repetition number (K) is indicated as part of SPS command.

In LTE, when UL skipping is configured, UE will not generate and send zero MAC SDU on SPS configured UL grant. This skipping saves UE power by avoiding unnecessary UL transmission/retransmission. In NR, diversity service types are assumed to be supported by SPS. Both periodic voice services and non-periodic URLLC services will use SPS as transmission scheme. Thus, skipping UL transmission should be configurable for SPS.
As in LTE, when UL skipping is configured, SPS confirmation should be triggered to let network make sure UE received the SPS command.
Proposal 3: UL skipping for SPS should be configurable. When UL skipping is configured, SPS confirmation should be triggered on reception of SPS command.

In LTE, if skipUplinlTxSPS is NOT configured, and implicitReleaseAfter is configured, UE release uplink SPS resource after implicitReleaseAfter consecutive zero MAC SDU. Implicit release is reasonable if there is no more UL/DL data for a period of time and then assuming there is no more data for the follow period of time. 
For NR, this function can be reused.
Proposal 4: Implicit release of UL SPS resources is configurable when UL skipping is not configured.
2.2. SPS HARQ operation
In LTE, for asynchronous HARQ operation with SPS, retransmission UL grant is transmitted to UE in DCI scrambled by SPS C-RNTI and setting NDI to 1. 
In NR, asynchronous HARQ is agreed to be supported. Since the explicit UL grant or DL assignment along with process ID is transmitted for retransmission, the retransmission resources are not necessary the SPS configured UL grant or SPS configured DL assignment. This flexibility speeds up retransmission because network does not need to wait for next SPS resource for retransmission.
On the other hand, network can still use SPS UL grant/assignment for retransmission, especially for the case there is only one DL or UL SPS process for a SPS configuration.
Proposal 5: Resource used for SPS retransmission can be either configured SPS resources or dynamic allocated.

For asynchronous UL HARQ, after UE finish a UL transmission using SPS configured UL grant, UE monitor PDCCH for retransmission UL grant which is regarded as implicit NACK. If UE does not receives retransmission UL grant within a period of time, UE thinks the previous transmission successful and new UL transmission of the same process can be performed.
In last meeting, there is contribution proposed to define a waiting timer for UE to wait retransmission UL grant.[2]
We propose to another option to define UE behaviour on waiting for retransmission grant. In this option, UE regards previous UL transmission of a HARQ process successful if no retransmission UL grant is received before the next configured UL grant which is associated to the same process.


Figure 1: illustration on UE waiting for retransmission UL grant

Figure 1 shows an example. UE is configured with 2 UL SPS processes. UE first performs UL transmission using a configured UL grant with process ID 0. After that, UE waits for retransmission UL grant until the next configured UL grant which is connected to process ID 0. And during this time, UE can perform UL transmission using configured UL grants which are connected to other HARQ processes. 
It is up to NW to guarantee that schedule the retransmission during UE waiting time.
In this way, UE is not blocked due to waiting for retransmission UL grant, and NO explicit waiting timer is needed.
Proposal 6: UE regards previous UL transmission of a HARQ process success if no retransmission UL grant is received before next configured UL grant associate to that HARQ process.

For asynchronous HARQ operation, an explicit PID is indicated in DCI for retransmission UL grant/DL assignment. In LTE, SPS process ID is calculated according to SPS interval, current TTI number of SPS resource and SPS process number. This method can be reused for NR SPS.
One difference is that multiple TTI durations is introduced in NR. Thus the time domain resource unit may be shorter than one subframe in NR. In this case, only the current TTI number is affected, for example, slot number may be considered when determine the TTI number.
Proposal 7: SPS HARQ process ID is calculated in the similar way to that of LTE SPS.
2.3. Multiple SPS configuration
In LTE, there is at most only one SPS configuration per UE. That is designed mainly for voice services. For NR, there are more service types foreseen to be mapped on SPS. The diversity includes different delay and periodicity. Further, these services may be mapped on different numerologies with different interval, MCS and TTI duration.
Thus, it is reasonable to support multiple SPS configuration per UE.
Proposal 8: To support multiple SPS configurations per UE.

If multiple SPS configuration per UE is supported, one SPS configuration should not be limited to SpCell and different SPS configuration should be able to be configured on different carrier. The benefit is that network can configure SPS resources, including shared grant-free resources flexibly.
Proposal 9: One SPS configuration can be configured on carrier 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.
There are several options for this problem:
· Option1: Each SPS configuration is associated with a 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 10: 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.

Another difference about multiple SPS configuration is the HARQ process ID calculation. As discussed above, we propose to adopt LTE method for NR.
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, i.e. since process ID ranges from 0 for all SPS configurations. And in spite of numerology associated to SPS configuration, all of them are managed by single HARQ entity.

There are three 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.
· Option3: At most only one SPS configuration is configured per carrier. This option limits the configuration of SPS and not preferred
Proposal 11: To adopt a HARQ process ID calculation method to avoid HARQ process ID conflicting if multiple SPS configurations per UE is supported. 

3. Conclusion
For SPS configuration, we propose:
Proposal 1: MCS/frequency resources are configured by SPS activation command as in LTE.
Proposal 2: Parameter repetition number (K) is indicated as part of SPS command.
Proposal 3: UL skipping for SPS should be configurable. When UL skipping is configured, SPS confirmation should be triggered on reception of SPS command.
Proposal 4: Implicit release of UL SPS resources is configurable when UL skipping is not configured.

For HARQ related issue:
Proposal 5: Resource used for SPS retransmission can be either configured SPS resources or dynamic allocated.
Proposal 6: UE regards previous UL transmission of a HARQ process success if no retransmission UL grant is received before next configured UL grant associate to that HARQ process.
Proposal 7: SPS HARQ process ID is calculated in the similar way to that of LTE SPS.

For multiple SPS configuration issue:
Proposal 8: To support multiple SPS configurations per UE.
Proposal 9: One SPS configuration can be configured on carrier other than SpCell.
Proposal 10: 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 11: To adopt a HARQ process ID calculation method to avoid HARQ process ID conflicting if multiple SPS configurations per UE is supported. 
· 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.
· Option3: At most only one SPS configuration is configured per carrier.
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