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1. Introduction

In the last meeting, the followings were agreed.
	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 


 This contribution further discusses how to multiplex and configure different TTI length for sPDSCH and sPUSCH. Furthermore, it also briefly discusses the configuration of different TTI length for sPUCCH transmission to address different UE coverage requirements. 
2. Discussion

As discussed in our companion contribution [1], there are a couple of aspects to determine “right” TTI length for each channel, for example, the file size, system resource utilization, downlink measurements (e.g., coverage), etc. Overall, smaller file size in a lightly loaded scenario for good coverage UEs would lead better performance gain whereas very little or even worse performance gain is expected with very short TTI for poor coverage UEs with large file sizes. In this sense, it seems considerable to apply UE-specific TTI length at least based on downlink measurements. Moreover, the file size also impacts on the overall performance gain due to the associated protocol overhead and control overhead. In this sense, mechanisms supporting different TTI lengths at least for sPDSCH/sPUSCH would be beneficial to address the case where a UE has multiple TCP sessions with different file sizes or resource utilization changes dynamically. As packets from different TCP sessions are not differentiable from the physical layer perspective, it is beneficial to consider dynamic TTI length adaptation via DCI. 

To support this, the following overall approaches can be considered. 

(1) Dynamic TTI length for all channels: The TTI length of sPDCCH can be dynamically changed which are blindly monitored by a UE. Based on the scheduled sPDCCH, the UE can determine the TTI length for sPDSCH/sPUSCH. This approach however requires some mechanism to identify the length of sPDCCH – one approach is to assume that FDM between sPDCCH and sPDSCH is used such that sPDCCH is transmitted always over the entire short TTI or explicit indication in DCI may be necessary.  
(2) Fixed TTI length for sPDCCH with dynamic indication via DCI: Alternatively, the TTI length used for sPDCCH can be higher layer configured, and the TTI length of scheduled sPDSCH or sPUSCH can be dynamically adapted by the signalling in DCI. 

The first approach may offer benefits to adapt sPDCCH resource in time domain (if sPDCCH and sPDSCH is FDM-ed partially or fully). This however can be also achieved by different aggregation levels. Furthermore, it seems that both approaches may require potentially explicit indication via DCI. Thus, the clear benefits of the first approach while it restricts the flexibility are not clear. In this sense, to simplify the UE blind decoding, we prefer the second approach. 

Proposal 1: TTI length of sPDCCH can be UE-specifically configured by higher layer. 
Proposal 2: Consider dynamic indication of TTI length of sPDSCH and sPUSCH in the scheduling DCI. 
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Figure 1. Example of different TTI length for scheduled sPDSCH

Figure 1 illustrates different sPDSCH TTI length scheduled by sPDCCH which is monitored based on the semi-statically configured TTI length. In other words, supporting different TTI length for data channel can be supported by a multiple TTI scheduling manner. 

When variable/multi-TTI length scheduling is supported, the issue with multiplexing between sPDSCH with different TTI lengths should be also considered in terms of processing latency as illustrated in Figure 2. 
[image: image2.emf] 

sPD

SCH

2

sPDSCH1

decoding

sPDSCH1

decoding is delayed due to 

previous transmission

dec

odin

g

sPD

SCH

2

A/N for sPDSCH1

A/N for sPDSCH2

If synchronous timing is 

assumed,  this would be A/N 

resource for sPDSCH2

eNB

UE

1 msec

4  sTTIs per  1 msec


Figure 2. Illustration of deferred decoding case due to previous long TTI transmission

For example, if decoding latency is the same as the length of sPDSCH, if longer TTI scheduling occurs before shorter TTI scheduling happens, the decoding or processing of the following shorter TTI can be delayed (unless pre-emption is assumed). Thus, depending on the scheduling, the overall latency till A/N transmission can be changed. As we discussed in our companion contribution [2], to address different cases, we propose to consider asynchronous HARQ-ACK feedback timing for sPDSCH where A/N timing can be signalled via downlink scheduling DCI. Asynchronous HARQ-ACK timing or A/N transmission timing on sPDSCH would allow flexible resource utilization among different TTIs for sPUSCH/sPUCCH and sPDSCHs. 
Proposal 3: To support efficient and flexible handling of different TTIs among UEs and dynamic TTI length changes at least for data channels, consider asynchronous HARQ-ACK timing corresponding to sPDSCH. 

Proposal 4: HARQ-ACK transmission timing can be dynamically indicated via downlink scheduling DCI for the corresponding sPDSCH. 
As discussed in our companion contribution [3], the shorter TTI of PUCCH transmission could reduce the overall HARQ-ACK transmission coverage. This would be okay for good coverage UEs whereas it would significantly impact the cell edge UEs. To support necessary coverages for all UEs in the cell, we propose to semi-statically configure the TTI length for sPUCCH transmission at least depending on the UE uplink coverage and power. 
Proposal 5: sTTI length used for PUCCH can be UE-specifically configured by higher layer.

Based on the semi-statically configured TTI length for sPDCCH and sPUCCH, timing of downlink and uplink can be respectively determined which are used for resources for downlink and uplink channel transmissions.  

3. Conclusion
In this contribution, we proposed the followings. 
Proposal 1: TTI length of sPDCCH can be UE-specifically configured by higher layer. 
Proposal 2: Consider dynamic indication of TTI length of sPDSCH and sPUSCH in the scheduling DCI. 

Proposal 3: To support efficient and flexible handling of different TTIs among UEs and dynamic TTI length changes at least for data channels, consider asynchronous HARQ-ACK timing corresponding to sPDSCH. 

Proposal 4: HARQ-ACK transmission timing can be dynamically indicated via downlink scheduling DCI for the corresponding sPDSCH. 

Proposal 5: sTTI length used for PUCCH can be UE-specifically configured by higher layer.

4. Reference

[1] R1-162503, “System-level simulation results for reduced TTI length,” LG Electronics, RAN1#84bis
[2] R1-162511, “Physical layer aspect of processing time for shortened TTI”, LG Electronics, RAN1#84bis
[3] R1-162507, “Discussion on PUCCH design for HARQ-ACK in shortened TTI”, LG Electronics, RAN1#84bis

