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1. Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1 #84, the following agreements were reached:

Agreements:
· Following design assumptions are considered:
· No short 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 control channel design for latency reduction.

2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Discussion
  
In [3], we have discussed 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 short TTI and normal TTI is quite dynamic; that points to the need to use short TTI dynamically. We should also ask whether there are use cases which demand a static or semi-static partition of resources between short TTI and normal TTI. As those potential use cases have not been examined in the SI, we assume that dynamic use of short TTI can provide sufficient support for that.

In the following we use the prefix "s-" for the counterpart with short TTI for a LTE channel, e.g. sPDSCH for the physical shared channel for short TTI.   





























Control overhead reduction
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Figure 1: (a) LTE-like sPDCCH (b) self-contained sPDCCH
In LTE, TDM and FDM are used to partition resources between data and control, and two types of control channels are specified: PDCCH/PCIFCH/PHICH and EPDCCH. With a 20 MHz channel, PDCCH can reside on one to three OFDM symbols of a 14-OS TTI. It is often the case that some REs are left used, i.e. they are not occupied by CRS, PDCCH, PCFICH or PHICH. For both PDCCH and EPDCCH, a UE is not expected to detect the (E)PDCCH intended for another UE.  
To achieve latency reduction and give network scheduling flexibility, a short TTI with self-contained control information (named, s(E)PDCCH) is desirable in general. And s(E)PDCCH should go with sPDSCH and it is present in each short TTI. To provide flexible for an eNB to make the best use of short 

If the same design practice as highlighted above for LTE were followed, then the overhead due to wasted resource could be severe. In general, using TDM/FDM in partitioning resources between data and control won't be efficient. If in each sort TTI, only a single DCI is sent to schedule a UE's downlink transmission, a simple rule can be defined so all the REs in the short TTI not taken by the DCI or reference signals are used for downlink data. When two or DCIs are sent in a short TTI, which can be for uplink grant(s) and downlink assignment(s) for one or more UEs, then a UE won't know whether there is a DCI present other than the one which schedules its downlink transmission, and it will be beneficial to inform the UE the resources taken by other DCIs so the REs not taken by DCIs, reference signals or other UEs' data transmission can be used for that UE's data transmission. 

In Figure 1(a) and Figure 1(b), it is shown that two UEs are scheduled in a short TTI. The downlink DCI for each UE span 3 PRBs. If a UE does not know the resource taken by the DCI for another UE, then REs on the first symbol in the  short TTI are not available for data transmission as shown in Figure 1(a). In figure 1(b), each UE made aware of the resource taken by the DCI for another UE, and eNB can safely use REs in the first symbol for data transmission.  
 

We have 

Proposal: Efficient multiplexing of data and control is supported on short TTIs. 
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3. [bookmark: _Ref129681832]Conclusion
In this contribution, we provide our views on LATRED control channel design. And we have 


Proposal: Efficient multiplexing of data and control is supported on short TTIs. 
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