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1 Introduction

Multi-subframe and cross-subframe scheduling have been previously suggested as part of the Small Cell Enhancements (SCE) SI as one of the possible methods for reducing control overhead. Both of these functionalities are supported by legacy UEs since Rel-8 but their applicability is limited to TDD UL-DL configuration 0 although use for other configurations was also considered during Rel-8. The consideration therefore is whether the applicability of multi-subframe and cross-subframe scheduling should be extended for all TDD UL-DL configurations and for FDD.

This contribution outlines motivations and use-cases for multi-subframe and cross-subframe scheduling in Rel-12 and considers possible enhancements of the Rel-8 functionalities. 

2 Support of Multi-Subframe Scheduling in Rel-12
Motivations for supporting Multi-Subframe Scheduling are outlined in the following

DL Control Overhead Reduction

Multi-subframe scheduling can be used as one of the methods to reduce DL control overhead. For example, as in SCE operation the UE speed is typically low (channel is typically stable across a few subframes) and only a few UEs are expected on average to be scheduled per subframe, multi-subframe or cross-subframe scheduling can be used to reduce PDCCH/EPDCCH overhead. The savings mainly come from utilizing fragmented PDCCH/EPDCCH resources, such as for example in case of a distributed EPDCCH sets with 4 PRB pairs or 8 PRB pairs that would primarily remain significantly underutilized if used for transmission of only a few PDCCHs (a same reasoning applies for PDCCH or for localized EPDCCH where different UEs may require different PRB pairs leading to underutilization of each PRB pair unless more UEs are scheduled for future subframes). For example, for 10 MHz operating BW and one distributed EPDCCH set of 4 PRB pairs, utilizing those PRB pairs for EPDCCH transmission only every 2 or every 3 subframes will result to BW savings of 4% or 5.33%, respectively.  
Support of PUSCH Scheduling for Special Subframe Configurations without EPDCCH Support
For a self-scheduled NCT SCell in TDD, PUSCH scheduling for special subframe configurations 0 and 5 and normal CP and for special subframe configurations 0, 4, and 7 and extended CP is not supported as EPDCCH is also not supported. Then, multi-subframe or cross-subframe scheduling needs to be further extended for TDD UL-DL configuration 0 and also needs to be introduced for TDD UL-DL configuration 6. Alternatives include not supporting the above special subframe configurations for TDD UL-DL configurations 0 and 6 on NCT SCell or for extending support for EPDCCH also for the above special subframe configurations [1].  

Support of Large Data TB Sizes in DL by EPDCCH
One limitation of scheduling PDSCH by EPDCCH is the additional decoding latency that is introduced which can limit the ability of a UE to decode large data TB sizes which can be frequent in small cell operation. This issue was discussed in Rel-11 where it was concluded that no other alternative exist than for a conventional UE operation and reporting of a NACK. Multi-subframe PDSCH scheduling (in subframes after the one of EPDCCH detection) and cross-subframe PDSCH scheduling eliminate the additional data TB decoding latency that is associated with PDSCH scheduling by EPDCCH.  
Interference Stabilization
Successful interference management is an important aspect for obtaining the throughput gains that could be offered by small cell deployments. Multi-subframe scheduling may be one of the components for interference managements as it creates stable interference and may assist in improving accuracy of predictability in scheduling decisions. Although this can be limited to large data transfers (e.g. video or large file downloads/uploads) such applications can be frequent for UEs connected to small cells. 

Near-Future Enhancements 
Multi-subframe and cross-subframe scheduling can be functionalities that may prove helpful as LTE continues to evolve in the near-term. For example, if CA between FDD carriers and TDD carriers is supported, multi-subframe scheduling and cross-subframe scheduling can be highly useful features for a FDD cell that is cross-carrier scheduled from a TDD cell. 
Interim Conclusion

The above use-cases for multi-subframe scheduling and cross-subframe scheduling seem to provide sufficient motivation for consideration of these functionalities during the SCE SI particularly considering that they are already supported by LTE UEs but restricted to TDD UL-DL configuration 0. 

Specification Impact
If support for multi-subframe scheduling or cross-subframe scheduling is extended in Rel-12, the respective specification impact will depend on the level of enhancements. For PUSCH scheduling, the specification impact seems limited as the above functionalities are already supported and significant enhancements may not be necessary. For PDSCH scheduling, the above functionalities will be a new feature in Rel-12 but it also seems possible for respective specifications to be largely based on ones for the PUSCH. The specification impact will mostly relate to introducing a “DL index” field (functionally mirroring the existing “UL index” field) and on defining modifications for the UL HARQ timing (functionally mirroring the existing modifications for DL HARQ timing associated with TDD UL-DL configuration 0).
3 Conclusions

This contribution considered motivations and generic specification impact from extending support of multi-subframe or cross-subframe scheduling for PUSCH and introducing these functionalities for PDSCH. The identified use-cases are sufficient enough to motivate further study of multi-subframe or cross-subframe scheduling in Rel-12 and the associated additional specifications seem limited and may rely on existing ones for PUSCH scheduling in case of TDD UL-DL configuration 0.  
Proposal: Consider whether support for multi-subframe and cross-subframe scheduling should be extended in Rel-12 and, if so, determine respective requirements.
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