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1
Introduction
During the RAN#72, the study item on latency reduction techniques for LTE was concluded and the outcomes were captured in the TR [1]. Based on these outcomes, a work item on shortened TTI and processing time for LTE was approved in [2]. 

The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives for shortened TTI part of WI state:

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)

Follow the recommendation made in [1] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.
For DM-RS of sPUSCH, the followings are recommended to be supported: 

-
For the case of 1-slot TTI length, reuse the current DM-RS 

-
For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

-
At least 2 contiguous TTIs can be shared/multiplexed.

In this contribution, we focus on the required support for UL DM-RS multiplexing from one or multiple UEs for the case of less than 1-slot TTI length.
2
Considerations on UL DM-RS requirements
The basic requirement for DM-RS design is to get reliable channel estimates, while maintaining reasonable overhead for different scenarios that will need to be supported in sTTI operation. For TTI length shorter than 1-slot, multiplexing of DM-RS from one or multiple UEs allows reduction in overhead by reducing the density of DM-RS in time and /or frequency and possibly improving the overall throughput. However, multiplexing the DM-RS of more than one sTTI is not necessarily straightforward since different lengths of sTTIs can be contained within a subframe. In [3], a fixed type of DM-RS configuration is considered such that one DM-RS symbol is utilized by at least 2 sTTIs. The main drawback with such a solution is that the number of data symbols in a sTTI varies depending on whether UL DM-RS are present in the given sTTI or not and that would result in a drastic difference in the number of resources available for data. This kind of fluctuation of the amount of resources is undesirable, as it complicates scheduler operation in terms of e.g. link adaptations, retransmissions and the related control signalling design. Instead, it would be preferable to have the sTTI always containing a constant number of resources available for data. Moreover, a fixed DM-RS configuration might not be an optimal solution for high mobility scenarios that require DM-RS symbols to be transmitted more frequently for better tracking of channel in time. Additionally, coverage is also an important issue and there should be a possibility to increase DM-RS overhead for better coverage to cell-edge users.
Observation 1: For TTI length shorter than 1-slot, fixed UL DM-RS configuration is not enough to support different scenarios in sTTI operation

In addition to supporting different scenarios for UL sTTI operation, the UL grant transmission in DL is also expected to impact the configuration of DM-RS in UL as the number of sTTIs contained within a subframe is dependent on decoding of the grants. It is expected that the UL grants for sTTI will be transmitted both on PDCCH and sPDCCH. As the number of PDCCH symbols can change dynamically from 1 to 3 and because a grant is decodable only after reception of the last PDCCH symbol, the timing and the number of scheduling instances for UL grants per subframe will be variable. Therefore, the signalling design for UL grants should provide efficient use of UL resources even in presence of such variations.    

Proposal 1: The network should have the possibility to flexibly control the UL DM-RS positions within a subframe to support different scenarios in UL operation for TTI length shorter than 1-slot
3
UL DM-RS design considerations

We consider two examples of UL DM-RS configurations to satisfy the different scenarios that can possibly arise in sTTI operations for TTI length shorter than 1-slot. One possible solution can be semi-static DM-RS configuration where candidate DM-RS locations within a subframe can be configured by RRC signalling. The actual transmission of DM-RS on candidate locations can be triggered by a reception of an UL grant which coincides with the window. The length of the window can either be pre-configured or signalled by eNodeB. Figure 1 illustrates an example where candidate DM-RS locations are shown along with the window given by uplink reference signal window (ULRSW). The starting position of UL grant can be flexible depending up on the candidate DM-RS location.
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Figure 1: Example of semi-static DM-RS configuration
The main advantage of semi-static DM-RS configuration is that it is possible to implement it with no additional dynamic signalling and it provides more efficient utilization of uplink resources in comparison to the fixed DM-RS configuration. 
However, semi-static DM-RS configuration might not be able to fully satisfy all the scenarios that are discussed earlier. Therefore, another alternative can be fully flexible DM-RS configuration based on dynamic signalling that allows eNB to adjust the amount of overhead according to the needs of UE and/or eNodeB. Flexible DM-RS configuration can be signalled by an UL grant that can schedule the UE to transmit either: 
1) Only a DM-RS symbol alone, or 
2) Two data symbols without DM-RS symbol, or 
3) A combination of a DMRS symbol and symbols. 
Additionally, the UL grant may indicate a delay of one or two symbols with respect to a nominal delay from grant transmitted on DL to UL transmission. As an example scenario, Figure 2 shows the case where the two users are multiplexed with orthogonal DM-RS on the same symbol and data is multiplexed in time. Different configurations indicated by values inside the box are signalled in the UL grant to enable efficient multiplexing of two UEs. The specific configurations indicated in Figure 2 are included in the Appendix. The arrow points to the nominal delay for the configurations indicated in the box. The main benefit of the fully flexible design is that an efficient utilization of uplink resources can be achieved based on dynamic signalling of DM-RS configurations. 
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Figure 2: Example of fully flexible DM-RS configuration for 2 UE multiplexing

Proposal 2: Support flexible UL DM-RS structures with variable number of DM-RS symbols within a subframe for TTI length shorter than 1-slot 

Proposal 3: Either dynamic signalling or semi-static indication of UL DM-RS positions can be considered for flexible configuration to satisfy different scenarios in UL for TTI length shorter than 1-slot   
4
Summary
Observation 1: For TTI length shorter than 1-slot, fixed UL DM-RS configuration is not enough to support different scenarios in sTTI operation 
Proposal 1: The network should have the possibility to flexibly control the UL DM-RS positions within a subframe to support different scenarios in UL operation for TTI length shorter than 1-slot
Proposal 2: Support flexible UL DM-RS structures with variable number of DM-RS symbols within a subframe for TTI length shorter than 1-slot 

Proposal 3: Either dynamic signalling or semi-static indication of UL DM-RS positions can be considered for flexible configuration to satisfy different scenarios in UL for TTI length shorter than 1-slot   
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