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1. Introduction
In RAN #72, a new work item on shortened TTI operation and shortened processing time for both legacy TTIs and shortended TTIs (sTTIs)  was approved. Related to short TTIs, the detailed objectives are 
For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

In this contribution, we provide our views on short TTI design.


2. Discussion
2.1 Review on data channel design

In [2], a few use cases for the latency reduction solutions are listed:

 "In an effort to address this in 3GPP, RAN1 studied latency reduction within [1]. Among the conclusions it was found that reducing the TTI and processing time can significantly reduce the user plane latency, and improve TCP throughput.
Furthermore, specifying solutions with smaller latency would e.g. allow UEs to reduce the L2 memory needed to buffer the “data in flight”, allow for more robustness due to the ability to re-transit more often within a certain delay bound, directly increase the perceived quality of experience for today's delay-sensitive real-time applications like gaming, voice or video telephony/conferencing, and allow addressing new future use cases such as critical MTC applications in a better way. Targeting the lowest delays is also essential for the 5G requirements on latency [3], which are in reach of LTE."

It can be envisioned that once latency reduction solutions are specified, the time-frequency resources in a network can be sliced according to different needs such as broadband data access or critical MTC. We note their tolerance in data error rate can be rather different, e.g. critical MTC may have more stringent requirements than broadband data access. Given spectrum remains a scarce resource, especially at frequencies deployed with LTE, different cells still need to share spectrum and conventional interference mitigation and control methods may be still necessary.  If time-frequency resources be configured in an arbitrary fashion between legacy TTIs and short TTIs, then it can be quite problematic to use well-established interference mitigation/control schemes to provide the desired applications. From this configuring candidate time-frequency resources semi-statically and using dynamic signaling to indicate the actual use of the time-frequency resources may be the right solution.

Next we need to discuss whether a common signaling e.g. sent in a SIBx message or dedicated signaling is more suitable to configure time-frequency resources for sTTIs. At a high level, some PRBs or PRG can be configured for sTTIs. Given the presence of synchronous signals and PBCH, ABS subframes configuration, it is possible in the time domain the same frequency resources cannot be applied in every subframe. Then it may be possible to have different configurations for different subframes, e.g. subframe without/with synchronous signals/PBCH or ABS subframes.  Also as sTTIs can be used for different goals: improved TCP performance, critical MTC, etc. It is natural eNB should have the flexible to embed one or more "systems" with sTTIs on a cell. From this, dedicated signaling to a UE provides the needed flexibility. 

In figure 1, it is a candidate resource consisting of two regions is configured through RRC signaling for a UE; and the actual use is indicated dynamically. eNB can configure more than one candidate resource for a UE; and in each legacy TTI, the eNB can indicate through dynamic signaling which of them may be used in the current legacy TTI. The dynamic signaling can be conducted with either a single stage control design or two stage control design. In either case, it seems enough to indicate a pointer to the afore-mentioned candidate resource; rather than giving full flexibility to indicate used resources at the PRB level. 
We have

Proposal 1: time-frequency resources for sTTIs are semi-statically configured for a UE; the search space including the REs with sPDCCH is determined from the configured time-frequency resoruces; and the actual use of part of the configured time-frequency resources is indicated by sPDCCH. 
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Figure 1 Candidate regions for short TTIs
Control channel design

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.   
To achieve latency reduction and give network scheduling flexibility, a short TTI with self-contained control information (sPDCCH) is desirable in general. And sPDCCH should go with sPDSCH and it is present in each short TTI.   
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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 2:  Control resources taken by co-scheduled STTIs are indicated to each UE with a scheduled sTTI to facilitate resource sharing between control and data.
Views on receiver complexities
Combination of receivers

In modem design, it makes sense to have multiple CE designs for different scenarios (e.g., legacy TTI, sTTI). However, enabling simultaneously all the modes complicates modem design. A somewhat predictable pattern is preferable.
For a receiver for CRS based  PDSCH with a  legacy TTI, CRS from preceding subframe and trailing subframe can be used to obtain improved channel estimation performance. With sTTIs, no matter whether sPDSCH is CRS based or DMRS based, the relevant duration of sPDSCH is much shorter than that for a legacy TTI, hence the duration for channel estimation will be different. 
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Figure 2 Receiver types for legacy TTI & sTTI
In Figure 1, 4 types of receivers are listed for legacy and shortened TTIs. If a UE is configured a DMRS based transmission mode for legacy TTIs, and CRS based transmission for sTTIs, then 3 types of channel estimation need to be conducted as shown above, including both broadcast data and unicast data.  That can bring substantial burden to UE implementation.  It should be considered to reduce the number of channel estimators once sTTIs are configured. 
Once a UE receives the RRC signaling indicating sTTIs is configured for itself, it needs to utilize a channel estimator targeting the shorter duration of sTTIs compared to that of legacy TTIs to obtain useful and fast enough channel estimation; and the same channel estimator can be applied for legacy TTIs. e.g. a  CRS based channel estimator for 7-symbol sTTI can be applied twice to a legacy TTI. And the receiver performance with legacy TTIs when sTTIs are configured should be defined with the simplified channel estimator targeting sTTIs. 
We have

Proposal 3: the receiver performance with legacy TTIs when sTTIs are configured should be defined with the simplified channel estimator targeting sTTIs.
Reduction of TBS threshold for code block segmentation

In LTE, 6144 bits is used as the threshold for segmenting a transport block into code blocks. We have examined the transport code block size assuming a proportional reduction with fewer OFDM symbols in a sTTI compared to a legacy TTI, it is found that the number of bits in a transport block in a sTTI can be rather close to 6144 bits. 
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Figure 3 TBS size with 2 symbols per sTTI with different number of spatial layers
It seems beneficial to reduce the code block segmentation threshold from 6144 to a smaller number so smaller code blocks can be decoded at the same time rather than waiting for a single large code block's decoding to finish.

We have

Proposal 4: The code block segmentation threshold is reduced for sTTIs. 
Maximum Allowable timing adjustment

It is already clear even for legacy TTIs, the maximum allowable timing adjustment is a critical factor in determining  the shortest HARQ Ack feedback latency. And it becomes even more important for sTTIs. We have

Proposal 5: the shortest HARQ Ack feedback latency for each sTTI type (2 symbols, 7 symbols) is linked to the maximum allowable timing adjustment.



3. Conclusion
In this contribution, we provide our views on short TTI design.

And we have 
Proposal 1: time-frequency resources for sTTIs are semi-statically configured for a UE; the search space including the REs with sPDCCH is determined from the configured time-frequency resoruces; and the actual use of part of the configured time-frequency resources is indicated by sPDCCH. 
Proposal 2:  Control resources taken by co-scheduled STTIs are indicated to each UE with a scheduled sTTI to facilitate resource sharing between control and data.
Proposal 3: the receiver performance with legacy TTIs when sTTIs are configured should be defined with the simplified channel estimator targeting sTTIs.
Proposal 4: The code block segmentation threshold is reduced for sTTIs. 
Proposal 5: the shortest HARQ Ack feedback latency for each sTTI type (2 symbols, 7 symbols) is linked to the maximum allowable timing adjustment.
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