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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

It was then further agreed in RAN2#97-bis that
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.

As can be seen from the above, apart from agreeing to adopt in NR some of the main LTE SPS features, few other NR-related aspects were investigated. This tdoc provides an overview of the main outstanding issues and proposes a way forward for RAN2 on each of them, mindful of the comparatively slow progress in RAN1 on this topic, and the tight schedule for NR Phase-I. 
2   Overview of main issues 
2.1   Configuration/activation split

The issue here is essentially – which parameters are configured via RRC, and which are signaled via PDCCH?

Proposal 1: Adopt the LTE configuration/activation split as baseline.

Proposal 1a: Examine if this baseline split is suitable for URLLC traffic (or if it requires different ways of configuring vs. activating SPS).

Proposal 1b: Depending on the outcome of discussion on support for multiple SPS configurations in NR, examine if this baseline split is suitable for the multi-service scenario (or if it requires different ways of configuring vs. activating SPS for different services).
2.2   Sharing of SPS resources

As with any dedicated resource scheduling scheme, SPS has some inherent inefficiency (under certain conditions). Furthermore, the empty transmissions raise further concerns. Motivated by these aspects of SPS, there have been proposals to allow the sharing of SPS resources among different UEs. However, at the most recent RAN1 meeting (RAN1#88-bis) SPS was de-prioritized, and it is difficult to discuss sharing without knowing whether there will be PHY layer mechanisms to support it.
Additionally, given the tight schedule for NR Phase-I standardization, and the alternative lower-overhead scheduling techniques which solve some of the perceived issues with SPS mentioned at the start of this sub-section, 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 lack of relevant 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, 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 sidelink design. Essentially we have two separate but interrelated questions: 
a) whether to allow separate SPS configurations for different services; and then, if we do, 
b) whether these separate configurations should support multiple simultaneous values of semiPersistSchedIntervalUL.

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. Therefore, we do see some benefit in examining support of SPS for different service verticals. However, this 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.

Additionally, when assessing the need for multiple simultaneous SPS configurations, limiting the number of such configurations to one (per service) is closer to the LTE baseline and therefore the change required is smaller, as SPS could use the logical channel mapping for the specific numerology (more on this in next sub-section). The case where the same numerology would have multiple SPS configurations may require additional configuration to restrict traffic for each SPS. 
But before any of this can be agreed, we believe it is important to align general principles on UL and DL scheduling. This does not mean that there should necessarily be any interdependence between UL and DL SPS configurations scheduled at any given time for a specific UE. What we mean by this alignment rather is captured in the following example: for instance, if we plan to propose one scheduling cycle that matches the most stringent latency requirement for DL DRX, it may make more sense to have one scheduling cycle in UL too.
Proposal 4: RAN2 to align general principles on DL and UL scheduling (including any DL scheduling design decisions which impact the UL design, and vice versa). 

Proposal 4a: Depending on the outcome of this alignment, RAN2 will study need for and feasibility of enhancements to SPS for simultaneous support of multiple services, operating simultaneously on (potentially different) numerologies/TTIs, in light of alternative solutions which include using co-deployed LTE and/or grant-free NR transmission scheme(s) to create multiple effective SPS configurations.
Proposal 4b: In this study, RAN2 will assume a limit of a maximum of 1 such NR SPS configuration (per service) as baseline.
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 5: 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. Based on a brief summary of the agreements made so far, and examples supporting our views, we put forward the following proposals:
Proposal 1: Adopt the LTE configuration/activation split as baseline.

Proposal 1a: Examine if this baseline split is suitable for URLLC traffic (or if it requires different ways of configuring vs. activating SPS).

Proposal 1b: Depending on the outcome of discussion on support for multiple SPS configurations in NR, examine if this baseline split is suitable for the multi-service scenario (or if it requires different ways of configuring vs. activating SPS for different services).
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, and then consider UE processing requirements before taking any decision.
Proposal 4: RAN2 to align general principles on DL and UL scheduling (including any DL scheduling design decisions which impact the UL design, and vice versa). 

Proposal 4a: Depending on the outcome of this alignment, RAN2 will study need for and feasibility of enhancements to SPS for simultaneous support of multiple services, operating simultaneously on (potentially different) numerologies/TTIs, in light of alternative solutions which include using co-deployed LTE and/or grant-free NR transmission scheme(s) to create multiple effective SPS configurations.
Proposal 4b: In this study, RAN2 will assume a limit of a maximum of 1 such NR SPS configuration (per service) as baseline.

Proposal 5: RAN2 to study whether and how SPS configuration should include information on numerology/TTI.
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