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1. Introduction
In RAN1#84, the assumptions of the system design were discussed to be considered as in the following
· No shortened TTI spans over subframe boundary
· At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling
· The potential specific impacts for the followings are studied 
· UE is expected to receive a sPDSCH at least for downlink unicast 
· sPDSCH refers PDSCH carrying data in a short TTI
· UE is expected to receive PDSCH for downlink unicast
· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously
· FFS: The number of supported short TTIs
· If the number of supported short TTIs is more than one,
· The length of short TTI can be variable
· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously
· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit
· TTI length for DL and UL can be different 

This paper analyses the design option of PDSCH and PDCCH/EPDCC for shortened TTI.  .
2. PDSCH and PDCCH/EPDCCH  for Shortened TTI
The principle of latency reduction in the air interface is to shorten the TTI length from a subframe interval to sub-subframe level, such as a slot or a symbol.  Current LTE subframe contains two slots.  The minimum unit of radio resource is the resource block (RB), which is specified as 12 resource elements in frequency domain over the number of symbols (7 symbols for normal CP and 6 symbols for extended CP) within a slot in time domain.   
1. 
2. 
PDCCH/EPDCCH Design for Shortened TTI
The design of LTE DL system to support slot-based TTI for latency reduction includes DL control channels, which include PCFICH, (E)PDCCH, PHICH, and DL reference signals.     A subframe is a bundling of two slot-based TTI.  All legacy UEs will be scheduled and transmit on bundling of two slot-based TTI.  
To support slot-based TTI, several aspects in the air interface need to be enhanced as follows,
(1) DL control signals and channel (PDCCH/EPDCCH) –  DL and UL scheduling grants are sent on PDCCH or EPDCCH.   Both PDCCH and EPDCCH are designed to schedule DL and UL transmissions for TTI in a subframe or more.  PDCCH and EPDCCH needs to be enhanced in order to schedule DL and UL transmissions on each slot.   

a. PDCCH enhancement for slot-based TTI – PDCCH occupies full system bandwidth and allocates at 1st three symbols of first slot.  The slot-based TTI needs to have scheduling grant for resource allocation of 2nd slot in a subframe with PDCCH.   PDCCH could not be introduced at the 2nd slot for the support of legacy UEs.   The possible solutions of scheduling for the 2nd slot are in the following, 

i. PDCCH multi-slot scheduling – each DL grant could schedule PDSCH transmissions on one or more slots in a DCI format as shown in Figure 5.  An additional field of multi-slot scheduling index (MSI) is used to indicate the number of consecutive slots for PDSCH transmission.   Multi-slot scheduling will reduce the PDCCH overhead.  The number of bits for MSI should be designed to indicate the maximum number of consecutive slots for PDSCH transmission.  For 3-bit MSI included in the extension of DCI format as an example, it could indicate up to 8-consecutive slots for PDSCH transmission 


[bookmark: _Ref434440512]Figure 1: Multi-slot scheduling for slot-based TTI
ii. PDCCH cross-slot scheduling – cross-slot scheduling is to use 1-bit cross-slot indication (CI) to indicate the scheduling grant is for 1st or 2nd slot of PDSCH transmission as shown in Figure 2.  



[bookmark: _Ref434440597]Figure 2: Cross-slot scheduling for slot-based TTI
b. EPDCCH enhancement for slot-based TTI – EPDCCH is configured on a set physical resource-block pairs for a UE to monitor.   Additional EPDCCH formats and associated DM RS within a slot are needed to support RE mapping and DM RS  based on a resource block instead of resource block pair.

c. DCI formats enhancement – Additional field, such as MSI or CI, are needed to support multi-slot scheduling or cross-slot scheduling respectively, is needed for PDCCH.   Thus, DL DCI format, such as DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, 2D, needs to enhance with extension field of MSI or CI for the support of multi-slot or cross-slot scheduling.  

Proposal 1: Enhancements of PDCCH and EPDCCH are needed for slot-based TTI.  The potential solutions of PDCCH enhancement for slot-based TTI are cross-slot and multi-slot scheduling.  New RE mapping and slot-based DM RS is a viable solutions for EPDCCH enhancement for slot-based TTI.  
The enhancements of DL channels and RS in supporting symbol-based TTI with backward compatibility include new DL control channels for scheduling and HARQ-ACK feedback, and new RS pattern for channel estimation
· New DL control channel (sPDCCH) with CCEs within one OFDM symbol – The sPDCCH could be designed similar to EPDCCH with all REs allocated within the TTI, which is an OFDM symbol.   The considerations of  new DL control channel are as follows,
· Resource allocation of sPDCCH – The symbol level TTI needs to be designed with backward compatibility.  The PDCCH region in each subframe would remain for legacy UEs.  The PDCCH could also be used for the initial access for those UEs supporting symbol-based TTI.   A set of resources for sPDCCH could be semi-statically preconfigured by higher layer signaling.   
· Scheduling flexibility – The number of CCEs in one sPDCCH could be designed in a flexible way to allow carrying either single or multi-user DCI information.  The important of multi-user scheduling within a TTI is to allow the system to schedule multiple users with small payload size, such as TCP ACK packet.  Reducing latency for small packet has been shown beneficial in RAN2 study.   
· Control overhead reduction – For symbol-based TTI, the total number of REs are capped at 1200 REs for 20 MHz system BW.  For large file size transport with scheduling on each TTI, the control channel overhead would be relatively high.   Moreover, the turbo coding gain with smaller payload size would not be as good as well.  Supporting multi-symbol scheduling or symbol-based TTI bundling would reduce the required control channel overhead.  
Proposal 2:  For symbol-level TTI, new DL control channel needs to be designed with flexibility and minimizing the overhead.  

PDSCH Design for Shortened TTI
The enhancement of PDSCH for shortened TTI is the design of RS pattern for channel estimation.   DL RS includes CRS, CSI-RS and DM RS.   The CRS and CSI-RS are configured to transmit continuously across TTI for the measurements of the radio channel.   Thus, CRS and CSI-RS do not need to be enhanced for slot-based TTI.
· DL RS for symbol-based TTI –UE-specific reference signals, antenna ports 7-14, are designed uniformly distributed cross 2 slots in a subframe as shown in Figure 3.  The CDM type multiplexing of antenna ports 7-14 have time domain OCC across two slots.  In order to support slot-based TTI, the UE-specific RS needs to be enhanced without OCC across the slots for slot-based TTI operation.
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[bookmark: _Ref434566919]Figure 3: UE specific RS antenna port {7, 8, 9, 10, 11, 12, 13, 14]

Proposal 3: The UE-specific RS needs to be enhanced without OCC across the slots for PDSCH in slot-based TTI  

· New DM RS for symbol-based TTI for demodulation and possible Channel tracking – New DM RS is need at every symbol for demodulation for symbol-based TTI.   The preferable DM RS pattern should be designed to reuse the existing channel estimation filter with spacing of 6 REs.   New DM RS pattern could also be used for channel tracking in addition to CRS.   
Proposal 4: New DM RS pattern is needed for PDSCH in symbol-based TTI (1,2, 3,4 symbols)


[bookmark: _Ref434482131]Figure 4: An example of RS (blue) and control channel (Red) design for symbol-based TTI with TTI-bundling

3. Conclusion
This paper provides the preliminary system analysis of the enhancements of frame structure and D control channels and RS in supporting of shorten TTI for latency reduction.   We have the following proposals,  
· Proposal 1: Enhancements of PDCCH and EPDCCH are needed for slot-based TTI.  The potential solutions of PDCCH enhancement for slot-based TTI are cross-slot and multi-slot scheduling.  New RE mapping and slot-based DM RS is a viable solutions for EPDCCH enhancement for slot-based TTI.  
· Proposal 2:  For symbol-level TTI, new DL control channel needs to be designed with flexibility and minimizing the overhead.  
· Proposal 3: The UE-specific RS needs to be enhanced without OCC across the slots for PDSCH in slot-based TTI  
· Proposal 4: New DM RS pattern is needed for PDSCH in symbol-based TTI (1,2, 3,4 symbols)
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