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1. Introduction

In RAN1#86bis meeting, agreements about sTTI scheduling are made as following,
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
In this contribution, methods to indicate resources where to monitor sTTI downlink control are discussed, and proposals are made.
2. Discussion on downlink control monitoring resources design
When sPDCCHs are used to schedule sTTI transmission, the sTTI UEs has to know where to monitor its sPDCCH candidates, there are two ways to mapping sPDCCHs of different sTTI length on frequency domain,
· Alt1: sTTI length of 2OS and 7OS always share common sPDCCH frequency region, e.g., a common signalling for assigning of sPDCCH region is signaled to all UEs configured with sTTI. 
· Alt2: sTTI length of 2OS and 7OS have separate assigned sPDCCH frequency region, e.g., separate signalling for UEs with different sTTI length are applied.  
Alt1 is a similar way with LTE, and in this case, all UEs monitor their search space in the common sPDCCH frequency region. This works well as all the LTE UEs has the same scheduling intervals. However, for sTTI scheduling with different sTTI lengths, there may be some problems. As shown in figure.1, a common sPDCCH frequency region for both 2OS and 7OS sTTI spans bandwidth that may overlap with 7OS sPDSCH transmission. In order to transmit sPDCCH of 2OS (or 3OS) sTTI, the sPDSCH of 7OS may be punctured or be fragmentized and that will affect the efficient transmission of 7OS sTTI. In order to avoid such overlapping of common sPDCCH with 7OS sPDSCH, the sPDSCH can only be located on PRBs that do not have common sPDCCH, which put restriction on the resource allocation of sPDSCH of 7OS, since the common sPDCCH region might be wide in frequency domain. 
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Figure.1 common sPDCCH frequency region for different sTTI length

To solve the problems of alt1, a natural way is to set separate control regions for 2OS sTTI and 7OS sTTI, i.e. alt.2. As shown in figure.2-a, the common sPDCCH frequency region is limited on the common occasion of 2OS & 7OS sTTI, e.g., on the first OS of each slot. On the other occasion when only sPDCCH of 2OS sTTI transmits on, the sPDCCH frequency region for 2OS sTTI could be restricted to a subband that will not overlap with 7OS sPDSCH transmission. Alternatively, as in figure.2-b, sPDCCH frequency regions of 2OS & 7OS sTTI are not overlapped on any occasion. For 2-a, the overlap problem in alt.1 is solved, but the 2OS UEs have to adjust their monitor resource size in different sTTI occasions.
[image: image2.emf]


System 
bandwidth



S
1



S
1



S
1



S
1



3OS 
STTI



2OS 
STTI



2OS 
STTI



3OS 
STTI



2OS 
STTI



2OS 
STTI



7OS STTI 7OS STTI



PDC
CH



��	



s
P
D
C
C
H



Lagacy PDSCH



System 
bandwidth



S
1



S
1



S
1



S
1



3OS 
STTI



2OS 
STTI



2OS 
STTI



3OS 
STTI



2OS 
STTI



2OS 
STTI



7OS STTI 7OS STTI



PDC
CH



��	



S
2



Lagacy PDSCH



S
1



�
�



control region for 2OS 
(3OS) sTTI



	



�



�



�



�



�



common control region 
for 2OS and 7OS sTTI



�



�
control region for 7OS 



sTTI



sPDSCH of 2OS



sPDSCH of 7OS



(a) (b)











Figure.2 separate sPDCCH frequency region for different sTTI length
Proposal 1: It is recommended to assign separate sPDCCH region for sTTI length of 2OS and 7OS. 
Regarding to the assignment signalling design for sPDCCH, semi-static, dynamic, hybrid semi-static and dynamic solutions can be considered. If the sPDCCH resource requirements of 2OS and 7OS are not dynamically changed, the sPDCCH frequency region can be configured semi-statically as shown in figure.2, and dynamic control overhead for sPDCCH frequency region indication is not needed. However, it is not flexible if the traffic changes dynamically. To satisfy the full flexibility of control region adjustment, the sPDCCH frequency region of different sTTI length could be dynamically indicated by DCI in legacy PDCCH region. However, the control overhead of DCI will be high.
In the following, a hybrid semi-static and dynamic scheme is proposed to balance the scheduling flexibility and control overhead. In this scheme, the whole frequency resource that can be used to transmit sPDCCH is divided into several frequency resource sets. A default set for each sTTI length are configured respectively by higher layer signalling to fit the sPDCCH capacity in a long term. The resources in the default set can varies according to the number of configured UEs with certain sTTI length and the average portion of activated number of UEs with the sTTI. In a short term, e.g. per subframe, the eNB decides whether additional resources for sPDCCH are needed for each sTTI length, based on the simultaneous traffic status, and the additional resources for sPDCCH can be transmitted in legacy PDCCH region. To reduce the overhead of dynamic indication, the resource allocation can be in level of set rather than PRB, where the set can be pre-configured with a number of PRBs. In such scheme, the resource indication in legacy PDCCH can be considered as a slow DCI, and the sPDCCH can be considered as a fast DCI, which forms a two-level DCI design. 
For example as shown in figure.3, subband 1(S1) is configured as default set for sPDCCH monitoring of 2OS sTTI and subband 2(S2) is configured as default set for sPDCCH monitoring of 7OS. When the eNB finds that 2OS(3OS) –sTTI has more sPDCCH to be scheduled in a subframe, additional subbands(S3) can be indicated by the slow DCI as extended resource set to monitoring 2OS sPDCCH. If there are no or few 7OS service requirements in a subframe, the default set of 7OS sTTI can also be configured as extended set for 2OS sPDCCH monitoring in slow DCI, in this case, S2 with a time occasion same as 2OS(3OS) sTTI could also used for 2OS(3OS) sPDCCH monitoring. The extended set can be configured as zero, one or more subband(s) or subband set(s). Since the indication is sTTI length group based, common DCI can be used to carry such information. 
The benefit of above scheme is that the default sets configured by higher layer signalling for different sTTI length can have different sizes to accommodate the number of UEs configured with different sTTI length. The dynamic indication can adjust the sPDCCH region to adapt for the dynamic fluctuation of scheduled UEs.
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Figure.3 extended sPDCCH frequency region configured by slow DCI
Proposal 2: A default sPDCCH frequency region for each sTTI length could be configured by higher layer signalling respectively to fit their sPDCCH capacity requirements in a long term, and extended sPDCCH frequency region(s) could be indicated by slow DCI in legacy PDCCH region to adjust sPDCCH capacity in a short term.
3. Conclusions 
In this contribution, methods to indicate resource where to monitor sTTI downlink control are discussed, and proposals are made as following,
Proposal 1: It is recommended to assign separate sPDCCH region for sTTI length of 2OS and 7OS. 
Proposal 2: A default sPDCCH frequency region for each sTTI length could be configured by higher layer signalling respectively to fit their sPDCCH capacity requirements in a long term, and extended sPDCCH frequency region(s) could be indicated by slow DCI in legacy PDCCH region to adjust sPDCCH capacity in a short term.
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