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1 Introduction
In RAN#65, a new Work Item on Uplink Capacity Enhancements for LTE was approved [1], which aims to enhance the uplink capacity of LTE by means of introducing uplink 256QAM, and supporting PUSCH transmission in UpPTS. According to [1], the specification of PUSCH in UpPTS will start from Q3 2016. In this paper, we mainly discuss on the design of PUSCH in UpPTS for discussion. 

In the WID [1], the objectives of the work of PUSCH in UpPTS that related to RAN1 include:

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

· Backward compatibility with legacy UEs is maintained

In this contribution, we will provide some initial discussion on the design issues related to PUSCH transmission in UpPTS.
2 Discussion on PUSCH transmission for UpPTS
In order to meet the requirements of different DL/UL traffic load, 7 TDD configurations has been specified for LTE. In addition, the special subframe in TDD frame structure includes 10 configurations defined in 3GPP TS 36.211. Nonethless, currently the UpPTS can not be used to transmit PUSCH, even though it has been specified that up to 6 OFDM symbols can be used for transmitting SRS in special subframes.
To exploit the UL transmission capability for Special subframe, a new special subframe configuration is to be specified in this WI, which includes a special subframe with configuration as DwPTS:GP:UpPTS equals to 6:2:6, and UpPTS can support PUSCH transmission.
2.1 Discussion on the PUSCH transmission schemes for UpPTS

Two PUSCH transmission schemes can be considered for UpPTS as follows:

· Alt. 1: In UpPTS, independent data block can be transmitted as a separate transmission resource, similar as DwPTS. 
For Alt.1, the PUSCH transmission in UpPTS is a transmission block that independent from other UL subframes, which achieve the flexibility of uplink scheduling. For this newly added transmission block, new uplink scheduling information is required, and HARQ timing needs to be specified.
· Alt. 2: UpPTS can be bundled with the following UL subframe, so as to form one larger time domain transmission unit for transmission of a transmission block. 
Regarding to Alt.2, the UL scheduling signalling and HARQ timing can reuse the HARQ timing of the uplink subframe, which helps to save specification efforts. But new TBS entries addressing for UL resources of UpPTS together with UL subframes may needs to be introduced. If new TBS entries are not introduced, some scheduling constraints needs to be involved to fit into the existing TBS entries.
The above two transmission schemes are shown in Fig.1.
Proposal 1: Two PUSCH transmission schemes can be considered for UpPTS, which are: 1) Independent data block for PUSCH transmitted in UpPTS, and 2) PUSCH transmission with a transmission block on combined UpPTS and the following UL subframe.
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Figure 1 Two PUSCH transmission schemes for UpPTS
2.2 Discussion on HARQ timing design

For the PUSCH transmission scheme that independent data block in UpPTS is transmitted as a separate transmission resource, the HARQ timing of UpPTS needs to be designed.
The basic design principles can follow the principles of Rel-8 for designing PUSCH [2]. For example:

· Principle 1: The overhead of ACK/NACK should be average in all subframes during the same round-trip time;

· Principle 2: Uplink HARQ pattern should be subframe-specific

· Principle 3: The overhead in special subframe caused by ACK/NACK should be minimized.
· Principle 4: Minimum delay from resource grant signalled to the position where it can be utilized by the UE. 
In addition, the impact of PUSCH transmission for UpPTS to HARQ timing of existing PUSCH transmission should be reduced as much as possible.
As for the HARQ timing design of UpPTS, since the transmission symbols of UpPTS is less than normal subframes, considering the interval between ACK/NAK information transmission and data transmission can be set according to data transmission delay and processing delay, two alternatives can be considered as follows:
· Alt. 1: UpPTS is regarded as a normal uplink subframe, so it is assumed that the interval between ACK/NAK information transmission of UpPTS and data transmission is at least 4 ms.
· Alt.2: UpPTS is regarded as short TTI, so the data processing delay can be reduced in accordance with the length of short TTI.
Proposal 2: For HARQ timing design of independent data block for PUSCH in UpPTS, the basic design principles for HARQ timing of PUSCH in Rel-8 is suggested to be followed, with an additional principle to minimize the impact of HARQ timing on existing UL subframes. 
2.3 Discussion on UpPTS DMRS design
Regarding to DMRS design for PUSCH in UpPTS, the following two design alternatives can be considered.
· Alt. 1: Transmit DMRS in UpPTS.
In this alternative, eNodeB can perform channel estimation for uplink physical channel in UpPTS, so that the PUSCH transmitted in UpPTS can be demodulated accordingly, which ensure good demodulation performance, especially in high speed scenario. Such design do not have restrict on scheduling of the PUSCH transmission, i.e., UpPTS can either be transmitted with its subsequent ordinary uplink subframe as one transmission resource, or be transmitted separately. However, since one UL OFDM symbol will be used for DM-RS transmission, this alternative increase the overhead. If DMRS is determined to be transmitted in UpPTS, the position of DMRS need to be studied, especially considering the position of possible configured SRS in UpPTS.
· Alt. 2: Don’t transmit DMRS in UpPTS.
In this alternative, the UL resources in UpPTS can be exploited for PUSCH transmission in the largest extent. Nonetheless, UpPTS need to be scheduled with its subsequent ordinary uplink subframe as one transmission resource, so as to perform channel estimation by using the DMRS in the normal uplink subframe. This will result in less flexibility of uplink scheduling, and the channel estimation and demodulation performance may be degraded compared with Alt.1, especially in high-speed scenario.
Proposal 3: Whether to transmit DM-RS in UpPTS needs to be carefully studied. 

3 Conclusions
In this contribution, some considerations on the design of PUSCH transmission in UpPTS are provided. It is proposed that:
Proposal 1: Two PUSCH transmission schemes can be considered for UpPTS, which are: 1) Independent data block for PUSCH transmitted in UpPTS, and 2) PUSCH transmission with a transmission block on combined UpPTS and the following UL subframe.
Proposal 2: For HARQ timing design of independent data block for PUSCH in UpPTS, the basic design principles for HARQ timing of PUSCH in Rel-8 is suggested to be followed, with an additional principle to minimize the impact of HARQ timing on existing UL subframes. 
Proposal 3: Whether to transmit DM-RS in UpPTS needs to be carefully studied. 
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