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1   Introduction
Semi-persistent scheduling (SPS) is used in LTE as a low-overhead scheduling technique for traffic with periodic characteristics. SPS is configured (but not activated) via RRC which signals the periodicity (semiPersistSchedIntervalUL). The SPS is then activated via PDCCH – this enables re-tuning of parameters on a faster basis and with less control signaling overhead.

In RAN2#97 meeting, the following was agreed on SPS operation in NR:

Agreements

1
NR supports an SPS scheme similar to LTE 

2
NR supports skipping UL grant scheme similar to LTE

This topic was further crystallised during the RAN2#98 meeting when it was agreed that:

Agreements 

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 

However, few other NR-related aspects of SPS were investigated/agreed on. Some fundamental agreements on the topic of SPS configuration and activation were made at RAN2#97-bis meeting, but these leave many open issues:
Agreements on SPS:

-
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.

This tdoc provides an overview of the main fundamental outstanding issues, mindful of the most recent progress made in RAN1 on this topic, and the tight schedule for NR Phase-I. 
2   Overview of main issues 
2.1   SPS configuration/activation 

At their #89 meeting, RAN1 agreed that UL data transmission without UL grant can be configured by the network to be performed after semi-static resource configuration in RRC without L1 signalling. If network so configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied. 
The impact of this decision on SPS is however unclear, since RAN1 are still discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary, with no conclusions reached as yet. Given this latest development, RAN2 has little remit to discuss any SPS configuration/activation mechanisms which are at variance with what was agreed in RAN1 – unless reasons are found to distinguish UL SPS and grant-free (with configured L1 signalling). However, RAN2 can discuss SPS grant timings, deactivation and activation, which we discuss in more detail in our companion tdocs [1], [2]. 
Proposal 1: RAN2 to specify SPS operation similar to LTE SPS for both DL and UL directions. To this end, RAN2 should discuss SPS grant timings, deactivation and activation.

2.2   Sharing of SPS resources

As with any dedicated resource scheduling scheme, SPS has some inherent inefficiency (under certain conditions). Motivated by this, there have been proposals to allow the sharing of SPS resources among different UEs. However, in light of the most recent RAN2 agreements which mandate UL grant skipping for SPS, empty transmissions are no longer a cause for concern. Additionally, it is difficult to discuss sharing without knowing whether there will be PHY layer mechanisms to support it. Furthermore, network could configure resource sharing using MU-MIMO, thereby avoiding collisions in the time/frequency space. Therefore we believe it is a better use of RAN2 time to focus on basic principles of NR SPS operation.

Proposal 2: Before studying RAN2 aspects of potential SPS resource sharing (such as collision resolution), more fundamental aspects of SPS should be agreed first.
2.3   SPS periodicity

Question has been raised whether the SPS period should be modified to support periodicity values below 1ms. This is motivated by perceived (and not yet endorsed) need for SPS design to be modified in order to support URLLC. While we agree this issue warrants further study, given the recent progress in RAN1 we propose the following:

Proposal 3: Before supporting extreme (sub-ms) parameter values for SPS periodicity, RAN2 needs to wait for relevant progress in RAN1 (including whether there is any real difference between SPS and grant-free transmission aided by L1 signalling being introduced in NR), and then consider UE processing requirements before taking any decision.
2.4   Support for multiple simultaneous SPS configurations
The LTE baseline already provides a fairly varied set of semiPersistSchedIntervalUL values. In parallel with the issue of enhancing this set (treated in the previous sub-section), questions have been raised whether NR should support simultaneous SPS configurations, e.g. similar to LTE-V2X design. Two main motivations for this study are being quoted: 
a) Multiple configurations to support different services, and
b) Multiple configurations to support packet duplication.

2.4.1   Multiple configurations to support different services
In NR, it is possible that multiple service verticals could benefit from (or even require) SPS support. For instance, URLLC may use frequent SPS resources to reduce the UP latency, eMBB may require SPS support for HD video streaming and VoIP, while mMTC may use SPS for periodical reporting of various events. However, any benefit from support of SPS for different service verticals should be assessed against alternative means of supporting multiple simultaneous SPS/SPS-like configurations; examples include:

· Using NR SPS configuration for URLLC and co-deployed LTE SPS configuration for VoIP;

· Using NR SPS configuration for VoIP and grant-free SPS-like NR transmissions for mMTC and URLLC;
In fact, in EN-DC or NR-DC, SPS configuration per MAC entity is already possible. This effectively means that we need to discuss whether to allow:

a) multiple SPSs within a single carrier; and/or 
b) multiple SPSs within a cell group

Given the alternatives available (which in addition to those listed above include using NR SPS grant to cover both URLLC and VoIP by configuring short periodicity and then using LCP mechanism to allow transmission of VoIP packets when needed), we see little benefit in supporting either of these, and we propose:

Proposal 4: Number of SPS configurations per single carrier is limited to one.

Proposal 5: Number of SPS configurations per cell group is limited to one. 
2.4.2   Multiple configurations to support packet duplication
In current baseline SPS, repetition is not efficiently supported. Therefore, the scenario where URLLC is supported by packet duplication and SPS together seems quite plausible as packet duplication will be used for increased reliability and it makes sense to combine it with SPS for reduced latency. 
Proposal 6: RAN2 to study SPS support of the URLLC case.
2.5   Link to numerologies/TTI values

The period of SPS resource is service-specific.  For instance, if a UE needs to support 2 services (say, URLLC and VoIP), it is reasonable to consider configuring two different UL scheduling periods.

Nevertheless, SPS performance will depend on the numerologies configured in the network, and the specific numerology used for any given SPS transmission cycle. In other words, the fundamental difference from LTE is that in NR the gNB has the possibility to fix the numerology for certain UL transmissions when it configures SPS for a UE. This means the SPS configuration could include numerology information that the UE should use at the scheduled time slots.

This would however introduce some limitation on gNB resource management. For instance, if a gNB supports different numerologies in a TDM manner, and if a limited number of SPS transmission with URLLC numerology is configured at some scheduled time slot, gNB may prefer to use eMBB numerology to accommodate more UEs at the scheduled time slot in question. In other words, it may be beneficial for the gNB to serve the URLLC SPS’s with eMBB numerology on certain occasions.

Proposal 7: RAN2 to study whether and how SPS configuration should include information on numerology/TTI.
3   Conclusion
In this document we have provided an overview of key outstanding issues to do with configuring SPS in NR. Our companion submissions treat in more detail some of the aspects, such as SPS vs. grant-free. Based on a brief summary of the agreements made so far in RAN1 and RAN2, and examples supporting our views, we put forward the following proposals:
Proposal 1: RAN2 to specify SPS operation similar to LTE SPS for both DL and UL directions. To this end, RAN2 should discuss SPS grant timings, deactivation and activation.

Proposal 2: Before studying RAN2 aspects of potential SPS resource sharing (such as collision resolution), more fundamental aspects of SPS should be agreed first.
Proposal 3: Before supporting extreme (sub-ms) parameter values for SPS periodicity, RAN2 needs to wait for relevant progress in RAN1 (including whether there is any real difference between SPS and grant-free transmission aided by L1 signalling being introduced in NR), and then consider UE processing requirements before taking any decision.
Proposal 4: Number of SPS configurations per single carrier is limited to one.

Proposal 5: Number of SPS configurations per cell group is limited to one. 
Proposal 6: RAN2 to study SPS support of the URLLC case.
Proposal 7: RAN2 to study whether and how SPS configuration should include information on numerology/TTI.
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