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1. Introduction
In RAN1 #84, the following agreements were reached:
Agreements:
· Following design assumptions are considered:

· 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 

Agreements:
· Following design assumptions are used for the study
· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier
· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features
Agreements:
· In this study, following aspects are assumed in RAN1.

· PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.

· Following aspects are further studied in the next RAN1 meeting

· Note: But the study is not limited to them.

· Design of sPUSCH DM-RS

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

· HARQ for sPUSCH

· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case

In this contribution, we provide our views on channel design with shortened TTI. As the considerations will be different for  FDD and FDD, in this contribution we focus on the design for FDD, and in a companion paper we provide our views on the design for TDD.


2. Discussion
In a companion contribution [3], we discuss the benefit of using normal TTIs and short TTIs for different stages in a TCP connection. Specifically, in the slow start stage, it is beneficial to use short TTIs as TCP Acks can be sent faster to the TCP server from the TCP client. In the congestion avoidance stage, as normal TTIs can have a lower overhead e.g. due to control compared with short TTIs, it is beneficial to use normal TTIs in that case.
LATRED can bring useful additions to LTE-Advanced-Pro, and as such it should enlarge but not diminish the use basis of LTE. At a high level, features from LATRED should be backward compatible, i.e. a LATRED capable UE and a legacy UE can be operated in the same network. 

From the agreements achieved in RAN1 #84:

Agreements:
· In this study, following aspects are assumed in RAN1.

· PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.

We don't need to discuss how a UE supporting latency reduction attaches to a network and enters the connected mode; and we can focus on the data and control channel design for downlink and uplink data transmissions. 
From the use case examined so far, it can be seen that the resource requirement on shortened TTI and normal TTI is quite dynamic; that points to the need to use shortened TTI dynamically. We should also ask whether there are use cases which demand a static or semi-static partition of resources between shortened TTI and normal TTI. As those potential use cases have not been examined in the SI, we assume that dynamic use of shortened TTI can provide sufficient support for that.
In the following we use the prefix "s-" for the counterpart with shortened TTI for a LTE channel, e.g.     e.g. sPDSCH for the physical shared channel for shortened TTI.   



2.1 Choices in resource mapping
From eNB's perspective, shortened TTIs and normal TTIs can be multiplexed in a subframe. From a UE's perspective, regular TTIs and shortened TTIs can be provided in several ways:
Alt. 1 TDM between TTI types at subframe level
Some subframes are statically, or semi-statically or dynamically used for shortened TTIs; and some subframes are always used for normal TTIs (for example Subframes 0 and 5).  With this Alternative, latency reduction may be quite un-even: there won't be any latency reduction over subframes 0 and 5.
Alt. 2 CA-like frame work

In this alternative, normal TTIs are used on a cell (e.g. PCell), and some SCell are configured for shortened TTIs statically, semi-statically or dynamically. 

In the static case, in a SIB message, the shortened TTI configuration including channel derivation rules for the shortened TTIs. 

In the semi-static case, a UE is configured to receive shortened TTIs on a SCell through RRC signaling. The configuration latency may diminish the gain from latency reduction.
In the dynamic case, a UE monitors a common signaling or dedicated signaling to detect a short TTI DL transmission or UL grant for shortened TTI UL transmission.

Alt. 3 Multiplexing of TTI types within a subframe

In this alternative, transmissions over a regular TTI and shortened TTIs can be multiplexed in one regular subframe. Some tradeoff needs to be exercised between scheduling flexibility and UE complexity. Candidate   resources for shortened TTIs can be statically, semi-statically or dynamic indicated to a UE. And there is no hard partition between resources for shortened TTIs and regular TTIs. As shown in Figure 1 below, even though a UE (UE 1) is configured with two candidate resources for shortened TTIs, a wideband control say PDCCH can schedule the UE over the whole system bandwidth. 
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Figure 1 Soft resource partition
In figure 2, A UE is configured with a number of candidates for control channel detection. One is the (E)PDCCH, and others are sPDCCH/sEPDCCH.  s(E)PDCCH are located in shortened TTI regions, it is further shown that UEs are configured to monitor PDCCH and a number of sPDCCH inside two candidate shortened resources. In shortened resource region 1, four sPDCCH locations are shown, and in shortened TTI resource region 2, four sPDCCH locations are also shown. Note eNB does not make any commitment that it will actually transmit any downlink control at those sPDCCH locations. A UE needs to perform blind detection to find out in a certain subframe, the eNB actually sends a sPDCCH from one of them. 
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Figure 2 Candidate locations for sPDCCH
Of course with Alternative 3, the number of blind detections at UE should be a concern. One way to limit the blind detection number is that a UE needs to search for only one or two candidates at each sPDCCH location.
From [3], it can be seen that dynamic TTI tuning provides a better performance compared with using fixed TTIs, either legacy TTIs or short TTIs. We have

Proposal 1: A UE can be scheduled with TTIs with different durations dynamically by an eNB. The number of blind detection is considered in dynamic TTIs.
In Figure 3, the HARQ timing is given for regular TTIs and shortened TTIs, the HARQ timing is kept unchanged if measured by TTI durations. 
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Figure 4 HARQ timing for regular TTIs and shortened TTIs


2.2 CSI feedback and transmission mode
For shortened TTIs, as the time-diversity over a shortened TTI is much less than that over a normal TTI, frequency diversity can be very important and distributed resource allocation may be preferred. And wideband feedback instead of subband feedback may be more suitable for shortened TTIs, hence there is a need to have a separate configuration for CSI feedback for shortened TTIs. In one example, a mode 3-1 is configured for normal TTIs, and mode 1-1 (check) is configured for shortened TTIs. 
At least the following should be configured separately:

· channel measurement reference signal (CSI-RS) and interference measurement resource (e.g. CSI-IM)

· Feedback mode

· Feedback trigger group. In DCI formats 0 and 4, feedback trigger can be used to feed back CSIs on more than one cells. It may be enough to just feed back the CSI on a single cell, yet to minimize specification change, eNB can still be allowed to configure feedback of CSI over more than one cells. 
· sPUCCH or PUCCH resource. If link budget for uplink transmission is not a problem then CSI feedback and/or HARQ can be carried over sPUCCH. Further the uplink TTI over which sPUCCH is mapped on can have a different duration from the downlink TTI over which sPDSCH/sPDCCH/sEPDCCH are mapped on.
· And it can be considered to carry CSI feedback for shortened TTIs over PUSCH over a normal TTI.  
Proposal 2: CSI feedback and transmission mode for shortened TTIs are configured separately from CSI feedback for normal TTIs.



2.3 Power control
In the uplink, as the operation point of sPUCCH/sPUSCH can be different from that of PUCCH/PUSCH, for sPUCCH/sPUSCH, power control is configured separately from those for PUCCH/PUSCH. 
Specifically

For downlink transmission, if sPDSCH's demodulation is based on CRS, Pa/Pb for shortened TTIs can be also set separately.

Proposal 3: Power control for shortened TTIs are configured separately from that for normal TTIs. 



2.4 HARQ related design
For FDD, assuming processing latency can be reduced proportionally with the TTI duration, the fixed HARQ time can be kept, i.e. HARQ Ack for sPDSCH at a sTTI is available after 4 x sTTI duration.  Please refer to Figure 3. With the introduction of sPUCCH, HARQ Ack for DL transmission over a shortened TTI can be sent in the uplink. 


2.5 Demodulation signal
Ideally, both CRS and DMRS can be used for the demodulation of sPDSCH and sPDCCH. Yet DMRS takes away REs available for sPDSCH. From consideration on overhead in shortened TTIs, it is preferred CRS only is used in the demodulation of sPDSCH and sPDCCH. 


3. Conclusion
In this contribution, we provide our views on LATRED for FDD. We have
Proposal 1: A UE can be scheduled with TTIs with different durations dynamically by an eNB. The number of blind detection is considered in dynamic TTIs.
Proposal 2: CSI feedback and transmission mode for shortened TTIs are configured separately from CSI feedback for normal TTIs.

Proposal 3: Power control for shortened TTIs is configured separately from that for normal TTIs. 
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