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1 Introduction
A new WI was agreed in RAN#71 on Uplink Capacity Enhancements for LTE [1]. One of the objectives is to specify support for UL PUSCH in special subframe. 
· UL support of PUSCH transmission in special subframe [RAN1]

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. [RAN1, RAN2]

· Introduce applicable RF requirements [RAN4]

· Backward compatibility with legacy UEs is maintained

In this contribution, we identify potential mechanisms to enable efficient PUSCH transmissions in special subframe.  
2. Discussion
2.1 PUSCH Scheduling and HARQ timing

In current TDD LTE, varied scheduling and HARQ timeline are defined for different UL/DL configurations. When constructing the timelines, it has been assumed that the minimum processing time from the UL grant to the actual PUSCH transmission is 3 ms. 
In [2], two alternative solutions are considered for PUSCH transmission in special subframes, either independently scheduled as in a normal UL subframe (i.e., PUSCH #1 of Alt.1 in FIG.1), or scheduled as a data extension of PUSCH transmission in a subsequent normal UL subframe (Alt.2 in FIG.2). 


[image: image1.emf]D U D D D U D D

Alt.2: 

Alt.1 

One subframe

Special subframe

UpPTS

Alt.1 

Alt.2 

PUSCH #1

DMRS

PUSCH #2

New scheduling timing

Legacy scheduling timing

SRS

PUSCH

TDD UL/DL configuration 2 Subframe index

0 1 2 3 4 5 6 7 8 9 Legacy PHICH


Figure 1: Candidates of PUSCH scheduling in special subframe
Alt.1 is a straightforward solution with the need of new scheduling and HARQ timelines. Note that PHICH resource is not present in all DL subframes (e.g., no legacy PHICH resource in subframe #1 in FIG.1 for UL/DL configuration #2) in TDD system. It is generally desirable to align the transmission of UL grants with the transmission of PHICH in order to simplify the specification and possible provide benefits from a DRX perspective. However, this design metric is unlikely to be fulfilled by Alt.1 by efficiently utilizing the legacy PHICH resources. 
Alt.2 provides the capability to transmit UL data without the need to define a new scheduling and HARQ timeline. On the other hand, as PUSCH in special subframe is an extension of the PUSCH in a regular subframe, it is always linked to a regular PUSCH and cannot be a stand-alone entity, which may pose some scheduling restrictions. 
To simplify the overall structure and avoid specifying unnecessary flexibility, we currently have a slight preference for Alt.2. 
Proposal 1: Support scheduling PUSCH transmission in special subframe as part of PUSCH in the next consecutive UL subframe. 
Although PUSCH in UpPTS is transmitted over one or a few data SC-FDMA symbols, it still requires an additional symbol used for RS. Always including an additional symbol for RS in UpPTS can result in significant performance loss in terms of throughput due to the RS overhead, especially for very short UpPTS. When a UE moves with low speed, an effective way to reduce the overhead of RS when using Alt.2 is to allow for dynamic insertion of DMRS. This means that the DMRS is not always transmitted in each UpPTS. 

Proposal 2: Study the impact of dynamic insertion of DMRS in special subframe.  
2.2 TBS determination 
Assuming Alt.2 is used for PUSCH scheduling, PUSCH spans a few more symbols for data transmission than the normal UL subframe. The TBS in UpPTS needs to be correspondingly adjusted to account for the increased number of OFDM symbols for PUSCH transmission. 

As of Rel-12, two scaling factors have been specified for different special subframe configurations (i.e., 0.375 for configuration 9 and a common factor of 0.75 for all other configurations) in the DL to adjust the TBS of PDSCH in DwPTS. This kind of mechanism can be directly applied for TBS handling in UpPTS by defining appropriate TBS scaling factors. The exact values of the scaling factors need to be further investigated taking into account the available REs.  
Proposal 3: Introduce scaling factor(s) for PUSCH extension in special subframe taking into account the number of available REs.  
2.3  Backward compatibility 
The special subframe configuration specialSubframePatterns has been defined in IE TDD-Config, which is broadcasted in SIB1 to inform the idle mode and connected UEs about the special subframe configuration. To keep backward compatibility, current signalling should not be changed for legacy UEs. A new additional subframe configuration needs to be provided in the RRC signaling. The details of signaling can be left for RAN2 to consider. 
Proposal 4: Send an LS to RAN2 to inform RAN2 of the new special subframe configuration and ask RAN2 to define the necessary IE and X2/S1 signaing to support this configuration. 
3. Conclusions
In this contribution, we discuss our views on the specification impact of PUSCH transmission on UpPTS. The discussion is summarized with the following proposals: 
Proposal 1: Support scheduling PUSCH transmission in special subframe as part of PUSCH in the next consecutive UL subframe. 

Proposal 2: Study the impact of dynamic insertion of DMRS in special subframe.  

Proposal 3: Introduce scaling factor(s) for PUSCH extension in special subframe taking into account the number of available REs.  
Proposal 4: Send an LS to RAN2 to inform RAN2 of the new special subframe configuration and ask RAN2 to define the necessary IE and X2/S1 signaing to support this configuration. 
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