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1 Introduction
In this contribution, we share our views on the DCI format structure to enable efficient sTTI scheduling while minimizing control overhead and UE power consumption for sPDCCH monitoring. 
2. Discussion
In RAN1#87, it was agreed to support both 2-symbol and 1-slot DL sTTI [1]. From latency perspective, sPDCCH presence in each sTTI is desirable so that the interval between data arrival and scheduling can be minimized. On the other hand, as possible optimization for eMBB traffic, multi-sTTIs scheduling can be further considered to reduce control channel overhead. We therefore propose: 
Proposal 1: Data transmission in an sTTI is scheduled via a UE-specific sDCI transmitted in the sTTI. 
Proposal 2: Support multi-sTTI scheduling for sTTI scheduling in Rel-15 to reduce control overhead.  
2.1 On slow DCI format 

Monitoring sPDCCH in each sTTI results in huge power consumption, especially for 2-symbol sTTI. How to reduce the power consumption at the UE side should be carefully studied in the design of DCI format structure. To minimize the power consumption while still providing sufficient scheduling flexibilty, we therefore propose to adopt a two-stage DCI format structure as illustrated in FIG.1. 
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Figure 1: DCI format structures






A slow DCI format on the PDCCH can be used to achieve various UE power saving benefits e.g.: 
1.     Serving as an “on-off” signal to dynamically switch S-TTI operation on a subframe basis. This provides the possibility to timely reduce power consumption based on the instantaneous traffic conditions. It allowes UE to possibly skip monitoring S-PDCCH in the S-TTIs within a subframe based on the detected slow DCI. Such S-TTI operation switch can be based on the TCP file buffer status known by the eNB. Note that this is especially important for small S-TTI lengths (e.g., 2 symbols) due to the larger number of time instances for S-PDCCH monitoring in a subframe. 
2.     Providing information to select a subset of S-PDCCH seach space candidates. As one example, the maximum aggregation level of sPDCCH candidates searched by a particular UE may be signalled as part of slow DCI based on UE geometry. 
In light of the advantages described right above, we propose
Proposal 3: Introduce a slow DCI that indicates the sPDCCH search space candidates, sPDCCH resource set and sTTI on-off for subsequent sTTIs.
The slow DCI format for a group of UEs can be naturally mapped onto the common search space (CSS). If limited capacity would be an issue, a UE-group-specific search space given by the group-specific RNTI assigned by higher layers can be naturely considered. An eNB can configure the same RNTI to multiple UEs by considering for example the respective UE geometries. The cost in the available RNTIs is minimal (e.g., ~3 S-TTI specific RNTIs should typically suffice). The DCI format size is equal to DCI format 0/1A so as to maintain the same number of blind decoding attempts. 
Proposal 4: Use common search space or UE-group-specific search space on the PDCCH given by a dedicated RNTI to transmit slow DCI format.   
Proposal 5: A slow DCI format has the same size as DCI format 0/1A.  

Nevertheless, there is a possibility that the slow DCI format can not be detected by the UE. For example, the CSS may be crowded, e.g. due to paging, random access and system information, where eNB may have to refrain from sending slow DCI format. In this case, UE should monitor all configured sPDCCH search space candidates so that latency and throughput performance are not degraded.  
Proposal 6: A UE shall fallback to monitor all possible sPDCCH search space candidates in case slow DCI format is not detected. 
2.2 On fast DCI format 

In general, a fast DL DCI format can be modified from the existing DCI format 2C in order to support closed-loop multiplexing and achieve higher spectrum efficiency with multiple antennas. 
Proposal 7: The fast DCI format is based on DCI format 2C for DL. 
To reduce the fast DCI payload size, the resource allocation granularity of data channel should be increased. The larger resource allocation granularity would not only reduce the DCI format size on S-PDCCH, but also effectively avoid unnecessary segmentation for a given payload size of the TB to remove the substantial protocol overhead to some extent. In particular, the extended RBG size should be a multiple of the LTE RBG size to improve the resource efficiency. Different scaling factors can be defined for different sTTI lengths to provide almost the same number of REs as for the legacy LTE RBG to simplify the eNB scheduler. 
Proposal 8: The RBG size for resource allocation of sTTI should be increased to be a multiple of the legacy RBG in LTE on an sTTI-length basis. 
In addition, the DMRS overhead can be up to 33% for the 2-symbol S-TTI assuming the legacy DMRS cluster is reused. To minimize the DMRS overhead, the presence of DMRS within an S-TTI could be configurable by adding a 1-bit flag in the fast DCI format. DMRS may be only needed to be present in the first S-TTI for a low-speed UE configured with multiple consecutive S-TTIs in a subframe, since variations in the time domain are relatively slow.  

As mentioned earlier, it is important to allow for the S-PDSCH to reuse the REs that are not used for S-PDCCH transmission in the first OFDM symbol. Similarly to PCFICH for legacy PDCCH operation, this can be achieved by informing the UE about the size of the S-PDCCH control region (e.g., the number of S-CCEs) in the fast DCI format. In order to minimize the payload size, several S-PDCCH sizes can be predefined in the specification and only the index can be signaled to the UE in the fast DCI format. Figure 2 illustrates an example of resource sharing between S-PDCCH and S-PDSCH in the first OFDM symbol of an S-TTI. A UE can derive the S-PDCCH REs to properly process the S-PDSCH reception according to the information on the S-PDCCH region size and the known S-CCE RE mapping.

Proposal 9: The presence of DMRS in an S-TTI and the size of the actual S-PDCCH region in the S-PDCCH symbol(s) can be signaled in the fast DCI format.
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In order to minimize the number of blind decoding operations a Rel-14 S-TTI UE needs to perform, the fast DCI format scheduling S-PDSCH transmissions and the fast DCI format scheduling S-PUSCH transmissions can be designed to have the same size (as for DCI format 0 and DCI format 1A in LTE).

Proposal 10: The fast DL DCI format and the fast UL DCI format should have the same size.

3. Conclusions
In this contribution, we discuss various aspects for sTTI scheduling, especially focusing on the DCI format structure. Based on the discussion, we have the following proposals: 
Proposal 1: Data transmission in an sTTI is scheduled via a UE-specific sDCI transmitted in the sTTI. 

Proposal 2: Support multi-sTTI scheduling for sTTI scheduling in Rel-15 to reduce control overhead.  
Proposal 3: Introduce a slow DCI that indicates the sPDCCH search space candidates, sPDCCH resource set and sTTI on-off for subsequent sTTIs.
Proposal 4: Use common search space or UE-group-specific search space on the PDCCH given by a dedicated RNTI to transmit slow DCI format.   
Proposal 5: A slow DCI format has the same size as DCI format 0/1A.  

Proposal 6: A UE shall fallback to monitor all possible sPDCCH search space candidates in case slow DCI format is not detected. 

Proposal 7: The fast DCI format is based on DCI format 2C for DL. 
Proposal 8: The RBG size for resource allocation of sTTI should be increased to be a multiple of the legacy RBG in LTE on an sTTI-length basis. 
Proposal 9: The presence of DMRS in an S-TTI and the size of the actual S-PDCCH region in the S-PDCCH symbol(s) can be signaled in the fast DCI format.
Proposal 10: The fast DL DCI format and the fast UL DCI format should have the same size.

References
[1].  RAN WG1 meeting #87 Chairman’s Notes
PAGE  
4/4

[image: image1][image: image3.png]g N

T-CCEs
sPDCCHRBs set
Sharing with sPDSCH

T ULgrant B N DL grant

Figure 2: Dynamic RE sharing between sPDCCH and sPDSCH



