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1 Introduction

In RAN1#86bis meeting, the agreement of DCI design for short TTI is as follows.
Agreement
· 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

This contribution discusses the sTTI scheduling schemes. Analysis on DCI overhead is provided in [3].
2 sTTI scheduling schemes
In this section, the different DCI design options are discussed. 
2.1 Single level DCI
In this scheme, a DCI could be carried in legacy PDCCH region or sPDCCH region. The DCI includes full scheduling information of one shortened TTI, which is the same as legacy single-level DCI.
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Figure 1. Example of single-level DCI
The characteristics of single-level DCI: 

· Low scheduling latency. It is the same with legacy operation, so there is no additional scheduling latency.
· High overhead. Single level DCI with about 62bits payload size [3] needs to be transmitted in each scheduled sTTI. 
· Low scheduling restriction. Since the DCI can include the full scheduling information, there is no scheduling restriction. Furthermore, if partial resource scheduling information is transmitted by RRC instead of in DCI, fewer bit number is required in DCI while some scheduling restriction is imposed.
· Low standard impact. The design on bit fields of single level DCI can be based on the legacy single-level DCI design.
· Low miss detection rate. In the single-level DCI, the detection reliability only depends on one DCI, which is similar to legacy system if sPDCCH miss detection rate is the same with PDCCH.
· Low blind decoding complexity. A UE only blindly detects one level DCI in PDCCH or sPDCCH.
2.2 Two-level DCI variant 1
In variant 1, slow DCI includes non UE-specific information, such as sPDCCH monitoring region/sPDSCH band etc., and is transmitted in legacy PDCCH region. Fast DCI includes other UE-specific scheduling information and is transmitted in every sTTI. UE needs to detect both the slow DCI and fast DCI in order to obtain the complete scheduling information for each sTTI. 
The UE behaviour when missing the slow DCI should be considered. The solution may be to improve the slow DCI detection rate as 0.1% BLER target, or using 4 or 8 CCEs aggregation level.
As shown in Figure 2, the slow DCI is carried in legacy PDCCH region and fast DCI is carried in sPDCCH region.
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Figure 2. Example of two-level DCI variant 1
The characteristics of two-level DCI variant 1: 
· Low scheduling latency. The reason is that slow DCI should be transmitted to the group of all applicable UEs in each subframe even if there is no data for a certain UE at this moment. This is to ensure that when data arrives during a subframe, a UE could be scheduled by fast DCI timely.
· Medium overhead. The reason is that fast DCI needs to be transmitted in each scheduled sTTI, while the fast DCI payload size can be reduced to about 49bits [3] by putting partial scheduling information in the slow DCI. The slow DCI can be transmitted to a group of applicable UEs in each subframe even if there is no data for a certain UE at this moment.
· Medium scheduling restriction. In this scheme, the slow DCI configures the frequency resource to the group of short TTI UEs, and the fast DCI indicates the actual resource allocation within the allocated frequency resource by slow DCI. Compared to single level DCI, the scheduling flexibility may be restricted by the nominated frequency resource and the reduced resource allocation bits in fast sDCI. 
· Medium standard impact. The split of scheduling information between slow DCI and fast DCI needs to be specified. In addition, the UE behavior when missing one of the DCIs should be considered.
· Low miss detection rate. The detection reliability is lower than single level DCI since a UE needs to successfully detect both slow DCI and fast DCI before receiving or sending one sTTI. However, if the sPDCCH miss detection rate is the same with PDCCH and slow sDCI miss detection is reduced to 0.1%, the detection rate of two-level DCI would be 98.9%, which is similar to legacy system. Therefore, two-level DCI variant 1 has low miss detection rate.
· Low blind decoding complexity. A UE only blindly detects slow DCI in PDCCH and fast DCI in PDCCH or sPDCCH.
2.3 Two-level DCI variant 2 
In variant 2, slow DCI includes UE-specific information and is transmitted in PDCCH region. Fast DCI includes UE-specific information and is transmitted in sTTIs.

There are two options for variant2.

Variant 2-1: The slow DCI contains full scheduling information for multiple subframes. The fast DCI can be transmitted in sTTI whenever there is a newly arrived packet, or re-transmission. Thus the fast DCI would override some scheduling information of slow DCI. It is noted that the fast DCI is only transmitted when necessary, in order to balance overhead as well as latency. 
As shown in Figure 3, the slow DCI is transmitted in legacy PDCCH region, hence at most once per subframe. Fast DCI is transmitted in sPDCCH region for retransmissions or new arrival packet, if needed.
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Figure 3. Example of two-level DCI variant 2-1
The characteristics of two-level DCI variant 2-1: 

· Low scheduling latency. If the downlink data is ready for the UE just before a subframe, slow DCI can be used to schedule data transmission for the UE. When downlink data is ready during a subframe and miss the slow DCI transmission time, it can be scheduled by fast DCI timely. As an example shown in Figure 3, for traffic of UE2 arriving in the middle of the subframe, eNB can schedule sPDSCH transmission using fast DCI. In this way, any additional scheduling delay can be avoided.
· Low overhead. The control overhead of two-level DCI variant 2-1 is significantly smaller (at most 70%) than that of legacy single sTTI DCI operation, due to the combined fact that multi-sTTI scheduling is used and the fast DCI is only transmitted when necessary [3]. With a UE-specific slow DCI capable of multi-sTTI scheduling, the fast DCI is only needed if necessary and the payload size can be significantly reduced. Therefore, the overhead of variant 2-1 is smaller than variant 1. 
· Medium scheduling restriction. In this scheme, a UE can be scheduled by slow DCI for multi-sTTI with full flexibility, and it can also be scheduled by fast DCI to indicate one of the resource allocation sets configured by RRC with reduced flexibility. Hence, scheduling may be restricted by the multi-sTTI with the same resource allocation or semi-static resource allocation.
· Medium standard impact. The slow DCI design in variant 2 is similar to that in eLAA, but the design on fast DCI need to be further considered.
· Low miss detection rate. The detection reliability is the same as single level DCI for slow DCI and fast DCI in the case of new transmission, but it is a little lower for fast DCI in the case of overwriting slow DCI since a UE needs to successfully detect both slow DCI and fast DCI before receiving or sending transmission packet within new scheduling information. However, in the latter case, the detection rate is the same with that of two-level DCI variant 1, which is 98.9%. Therefore, two-level DCI variant 2 has low miss detection rate.
· Low blind decoding complexity. It is the same as variant 1.
Variant 2-2: Slow DCI includes some UE-specific information, such as sPDCCH monitoring region/sPDSCH band/MCS/RA etc., and is transmitted in legacy PDCCH region. Fast DCI includes other UE-specific scheduling information and is transmitted in every sTTI. Similar to variant 1, UE needs to detect both the slow DCI and fast DCI in order to obtain the complete scheduling information for each sTTI. 
As shown in Figure 4, the slow DCI is transmitted in legacy PDCCH region, hence at most once per subframe. Fast DCI is transmitted in sPDCCH region.
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Figure 4. Example of two-level DCI variant 2-2
The characteristics of two-level DCI variant 2-2: 

· Medium scheduling latency. When downlink data is ready during a subframe and miss the slow DCI transmission time, the eNB has to wait until next subframe to schedule this packet.
· Medium overhead. The control overhead in sTTI region of two-level DCI variant 2-2 is smaller than single level DCI and two level DCI variant 1, but may be larger than variant 2-1. 
· Medium scheduling restriction. Depending on how many scheduling information is transmitted in slow DCI, this scheme may provide certain scheduling flexibility, e.g., HARQ/MCS are different in each subframes while sPDCCH region, RA, PMI are the same for all the subframes.
· Medium standard impact. It is the same as variant 1
· Low miss detection rate. It is the same as variant 1
· Low blind decoding complexity. A UE only blindly detects slow DCI in PDCCH and fast DCI in sPDCCH.
2.4 Two-level DCI variant 3 
In variant 3, slow DCI includes UE-specific information in PDCCH and/or sPDCCH, and fast DCI includes UE-specific information in sDCI as shown in Figure 5.

A short TTI capable UE has to detect both the slow DCI and the fast DCI to obtain the scheduling information for each sTTI. Fast DCI carries only part of the scheduling information to reduce control overhead.  
 [image: image5.emf] 

Legacy UE

PDCCH

1 subframe   

slow DCI of UE 1 

fast DCI of UE 1

UE2 traffic

Time

UE

1

UE

1

UE

1

UE

2

UE

2

UE1 traffic completion

UE2 traffic completion

PDSCH

PDCCH

UE

2

sPDSCH of UE 1

slow DCI of UE 2 

fast DCI of UE 2

sPDSCH of UE 2


Figure 5. Example of two-level DCI variant 3
The characteristics of two-level DCI variant 3: 

· Low scheduling latency. The reason is that if downlink data is ready, slow DCI and fast DCI can be transmitted simultaneously to schedule data transmission for the UE in any sTTI.
· Medium overhead. The reason is that both fast DCI and slow DCI can be transmitted in each scheduled sTTI. The overhead of variant 3 is larger than that of variant 2.
· Low scheduling restriction. In this scheme, the slow DCI and fast DCI can be transmitted in any sTTI to allocate any resource, there is no scheduling restriction.
· Medium standard impact. The split of scheduling information between fast DCI and slow DCI should be further considered. It is the same with variant 1.
· Low miss detection rate. It is the same with variant 1.
· High blind decoding complexity. A UE has to blindly detect both slow DCI and fast DCI in PDCCH or each sPDCCH.
2.5 Comparison
The comparison of single level DCI and three variants of two-level DCI is summarized in Table 1.
Table 1. The comparison of sTTI scheduling schemes
	DCI schemes
Considering 

aspects
	Single level DCI
	Two-level DCI variant 1
	Two-level DCI variant 2
	Two-level DCI variant 3

	
	
	
	variant 2-1
	variant 2-2
	

	Scheduling latency
	low
	low
	low
	medium
	low

	Control overhead
	high
	medium
	low
	medium
	medium

	Scheduling restriction
	low
	medium
	low

	Standard impact
	low
	medium

	Miss detection rate
	low

	Complexity of blind decoding
	low
	high


Based on above analysis, each DCI scheme except 2-2 has no additional scheduling latency. The single DCI scheme may have low scheduling restriction, at the cost of high control overhead. Variant 1 of two-level DCI provides medium scheduling flexibility and lower control overhead than single-level DCI. Variant 2-1 of two-level DCI has the smallest control overhead while keeping a medium scheduling restriction, due to a combination of multi-TTI scheduling and a flexible fast DCI design [3]. Variant 2-2 provides similar scheduling restriction and better control overhead than 2-1 in sTTI region, at the cost of medium latency. Variant 3 of two-level DCI can provide a low scheduling restriction, but with a medium control overhead in sTTI region.
Therefore, considering that variant 2 of two-level DCI have lowest control overhead in sTTI region while only medium scheduling restriction is imposed, we have the following proposal:
Proposal: The two-level DCI variant 2 is supported for sTTI:

· Slow DCI: UE-specific information in PDCCH
· Fast DCI: UE-specific information in sDCI
3 Conclusion
In this contribution, The single level DCI and three variants of two-level DCI are discussed considering aspects such as scheduling latency, overhead, flexibility of resource allocation, standard impact, reliability and blind decoding. Based on our discussion, we proposal:
Proposal: The two-level DCI variant 2 should be supported for sTTI:

· Slow DCI: UE-specific information in PDCCH

· Fast DCI: UE-specific information in sDCI
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