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1 Introduction

During the WI on Short TTI and reduced processing [1] in RAN1#86bis a list of sTTI scheduling mechanisms to study further was agreed as given below.
· Select a sTTI scheduling scheme among the following candidates for each sTTI length

· Single level DCI 
· RRC configuration of sPDCCH search space and/or sPDCCH frequency region

· UE-specific information in sDCI related to sPDSCH/sPUSCH

· Two level DCI 
· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below

· variant 1
· Slow DCI: non UE-specific information in PDCCH 

· Fast DCI: UE-specific information in sDCI
· variant 2
· Slow DCI: UE-specific information in PDCCH

· Fast DCI: UE-specific information in sDCI
· variant 3
· Slow DCI: UE-specific information in PDCCH and/or sPDCCH

· Fast DCI: UE-specific information in sDCI
· Note: the sTTI scheduling scheme may be the same or different for different sTTI length

· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation

· FFS support of multi-sTTI scheduling
· Additional L1 signaling related to sTTI operation can be considered
In this contribution, we discuss the different scheduling options for sTTI and conclude on the most favorable solutions.

2 Discussion

2.1 High level principles

With short TTI the latency of the LTE radio interface is reduced. This is beneficial for various services. During the study item the performance evaluation focussed on MBB type of traffic with small and large file transfer. Benefits were observed there with short TTI operation due to the acceleration of the TCP slowstart phase. Short TTI can also be used to serve latency-sensitive services such as gaming with LTE and to prepare LTE to address new use cases such as critical MTC that require both short latency and high reliability.
The scheduling mechanism should be designed considering the requirements of these use cases. To be able to schedule different sets of users in different sTTIs, it should be possible to address each sTTI independently of each other. To be able to react fast to channel and traffic conditions, the scheduling assignment must be located as close as possible to the scheduled sTTI. For DL, the scheduling assignment in the sDCI can be sent in the scheduled sTTI itself. In UL, a minimum delay will be defined between the UL grant and the UL sTTI. 
Proposal 1 
The scheduling mechanism supports sDCI transmission as close as possible to the scheduled sTTI.
Considering Proposal 1, multi-sTTI scheduling is not the best option to address the constraint of a delay-sensitive service. It should therefore not be considered as the baseline scheduling mechanism for sTTI. However, multi-sTTI scheduling has some benefit to reduce the overhead for eMBB traffic where it is foreseeable that several consecutive short TTIs can be allocated to a MBB UE. Therefore, multi-sTTI scheduling should not be precluded. Possibilities to efficiently support multi-sTTI scheduling, i.e. limiting the DCI payload and the number of blind decodes, should be further studied. 
Proposal 2 

Study the possibility to efficiently support multi-sTTI scheduling.
The RAN1#86bis agreement gives a list of sTTI scheduling options. The considered criteria to select a sTTI scheme should be, among others:
· The control overhead induced for sTTI scheduling in a subframe

· The scheduling flexibility

· The support of the target use cases.

· The number of blind decodes.
2.2 Comparison of scheduling schemes
Single level DCI
· Load in PDCCH: single-level DCI does not induce additional load in PDCCH except if the DCI of the first sTTI is sent from the PDCCH USS (which just shifts the overhead from the first sTTI to PDCCH).
· Control overhead: single level DCI contains the whole sPDSCH related information and is sent in every sTTI. Some overhead reduction is possible if resource allocation granularity is made coarser:
· Example control overhead over a subframe, assuming a DCI payload of ~70bits as in [2], 6 sTTI per subframe: 6*70 = 420 bits.
· Same example with 9bits instead of 25 bits for resource allocation: 6*(70-25+9) = 324bits.
· Robustness: as robust as the legacy 1ms TTI scheduling mechanism.
Two-level DCI variant 1: common slow DCI

· Load in PDCCH: reasonable if slow DCI is encoded with up to aggregation level 4. Due to limited space in CSS, higher aggregation level could limit the transmission of other messages in CSS. 
· Control overhead: if only sPDCCH related information is part of slow DCI, no control overhead reduction is expected with this scheme. If sPDSCH related information, in particular the largest field(s) of sPDSCH, is contained in slow DCI, overhead reduction is possible. One example of a field that is large and can be common to all UEs is the resource allocation: 
· Example control overhead over a subframe assuming that sPDSCH resource allocation is sent in slow DCI with variant 1: 25+16+6*(70-25) = 311 bits, i.e. 26% overhead reduction compared to single level DCI. 
· Same example with 9bits instead of 25 bits for resource allocation: 9+16+6*(70-25) = 295 bits, i.e. 9% overhead reduction compared to single level DCI.
· Robustness: if only sPDCCH related information is part of slow DCI and if this information only provides help to optimize the UE behaviour during sTTI operation, e.g. on/off or reduced search space, the scheme can be as robust as 1ms scheduling mechanism. If slow DCI contains information directly related to sPDSCH that should be combined with the information included in the fast DCI, the overall error probability of decoding the UL grant or DL assignment is increased due to the two scheduling steps. Especially due to the limited space in CSS, aggregation level of slow DCI higher than 4 is difficult to use.
· Number of blind decodes: same as in single level DCI assuming that DCI format 0/1A is used for slow DCI in CSS.
Two-level DCI variants 2 and 3: UE specific slow DCI. 
· Load in PDCCH: if several users are scheduled in the different sTTIs of the same subframe, there will be as many slow DCI messages as the number of scheduled users. In this case a large load is induced in PDCCH USS due to sTTI operation. 
· Control overhead: if only sPDCCH related information is part of slow DCI, no overhead reduction is expected with this scheme. If sPDSCH related information, in particular the largest field(s) of sPDSCH, is contained in slow DCI and if the same UE is scheduled in more than one sTTI of the subframe, some overhead reduction is possible: 
· Example control overhead over a subframe assuming that sPDSCH resource allocation is sent in slow DCI with variant 2 or 3 once per subframe: 3*(25+16+2*(70-25)) = 393 bits (6 sTTI, 3 UEs each with 2 sTTI), i.e. 6.5% overhead reduction compared to single level DCI
· Same example with 9bits instead of 25 bits for resource allocation: 3*(9+16+2*(70-25)) = 345 bits, i.e. 6.5% increase in control overhead compared to single level DCI.
· Robustness: if only sPDCCH related information is part of slow DCI, the scheme can be as robust as 1ms scheduling mechanism. If slow DCI contains information directly related to sPDSCH that should be combined with the information included in the fast DCI, the overall error probability of decoding the UL grant or DL assignment is increased due to the two scheduling steps. To compensate for the lower robustness of the two-step scheduling mechanism, the eNB can use a very conservative aggregation level for slow DCI. But this will induce even higher load in PDCCH USS. 
· Number of blind decodes: Increased compared to single level DCI unless slow DCI uses DCI format 0/1A in PDCCH USS.
The benefit of variant 3 over variant 2 is unclear. If slow DCI is supposed to contain slowly varying information, the update of slow DCI can wait until the next PDCCH.

Considering the above comparison factors, the control overhead reduction of two-level DCI variant 2, 3 is limited or inexistent. The control overhead reduction of two-level DCI variant 1 with slow DCI containing the data channel resource allocation with a coarser resource allocation granularity than today is also limited. In addition, all these schemes have a robustness issue and some of them (variant 2 and 3) require a larger number of blind decodes. Consequently, these schemes are not as interesting as they may first appear.
Observation 1 
No obvious benefit can be achieved with two-level DCI variants 2 and 3.
Observation 2 
The control overhead benefit of two-level DCI variant 1 with sPDSCH resource allocation included in the slow DCI is limited if a coarser granularity for the resource allocation is introduced.
As a conclusion, either single level DCI or two-level DCI variant 1 with only sPDCCH related information in slow DCI should be supported for sTTI scheduling. Both schemes require the same number of blind decodes (if DCI format 0/1A is used for slow DCI in case of two-level DCI variant 1) and have a similar robustness as with 1ms TTI operation. The control overhead of two-level DCI variant 1 with only sPDCCH related information in slow DCI is however larger than single-level DCI due to the presence of slow DCI. 
Proposal 3 

Support either single-level DCI or two-level DCI variant 1 with only sPDCCH-related information in slow DCI
3 Conclusion

In section 2 we made the following observations:
Observation 1 
No obvious benefit can be achieved with two-level DCI variants 2 and 3.
Observation 2 
The control overhead benefit of two-level DCI variant 1 with sPDSCH resource allocation included in the slow DCI is limited if a coarser granularity for the resource allocation is introduced.
Based on the discussion in section 2 we propose the following:
Proposal 1 

The scheduling mechanism supports sDCI transmission as close as possible to the scheduled sTTI

Proposal 2 

Study the possibility to efficiently support multi-sTTI scheduling
Proposal 3 

Support either single-level DCI or two-level DCI variant 1 with only sPDCCH-related information in slow DCI
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