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1. Introduction

In RAN#71, 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 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 general discussion on the design issues related to PUSCH transmission in UpPTS.

2. Discussion on the new special subframe configuration
According to the WID, one objective of this WI aims to specify a new special subframe configuration for frame structure 2, with DwPTS of 6 OFDM symbols and GP of 2 OFDM symbols. Regarding to the special subframe configuration in current specification, the combination of DL and UL with respect to normal CP (NCP) and extended CP (ECP), are listed, which are also shown in the appendix. If a new special subframe configuration is to be added, it is necessary to determine whether it is required to support all combinations of DL and UL with respect to NCP and ECP. 
Considering that the motivation behind the objective of 6 OFDM symbols with DwPTS is to reuse the design for special subframe configuration 9, in this WI, it is recommended to support NCP of DL with 6 OFDM symbols. Since there is no existing configuration support ECP in DwPTS with 6 OFDM symbols, such case can also be ignored in current stage. In the current spec, it is supported of DL NCP with UL ECP. One of the application scenario for such combination is UL CoMP. To ensure the flexibility for eNB to set the NCP or ECP for UL, e.g., for UL CoMP, and for the completeness of the specification, it is recommended to support both NCP and ECP for UL. According to the above analysis, it is recommended to support a new special subframe configuration 10, with 6 DL OFDM symbols of NCP in DwPTS, together with 6 symbols of NCP in UpPTS or with 5 symbols of ECP in UpPTS. The newly added configuration is shown in the Table I. 
Proposal 1: It is recommended to support a new special subframe configuration 10, with 6 DL symbols of NCP in DwPTS, together with 6 symbols of NCP in UpPTS or with 5 symbols of ECP in UpPTS.

Table I. Recommended new special subframe configuration
	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
in uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink
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3. Discussion on design aspects for PUSCH in UpPTS

In this section, the design aspects related to PUSCH in UpPTS are summarized.

(1) PUSCH transmission schemes for UpPTS 

Three 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.

·  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 of normal uplink subframe can be largely reused, which helps to save specification efforts. Besides, with either one column of DMRS or no DMRS in UpPTS, the DMRS in the following UL normal subframe can be used for channel estimation. 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.

· Alt.3: Two consecutive UpPTS resources can be bundled together, so as to form one unit that with comparable resources in time domain as a normal uplink subframe.

In this alternative, two consecutive UpPTS resources are bundled, which aims to reuse the design of normal uplink subframe as much as possible. For example, the TBS selection that used for normal uplink subframe may not necessary to be enhanced. In addition, the intra-subframe frequency hopping mechanism can also be maintained with no more efforts.  
In the above three alternative, it is recommended to at least support Alt.1. For Alt.2 and Alt.3, further discussion can be conducted on the pros and cons, and then decide whether to support such enhancement schemes for PUSCH in UpPTS.
Proposal 2: Three PUSCH transmission schemes can be considered for UpPTS, which are: 1) Independent data block for PUSCH transmitted in UpPTS, 2) PUSCH transmission with a transmission block on combined UpPTS and the following UL subframe, and 3) Two consecutive UpPTS resources be bundled together to form one unit that with comparable resources as a normal uplink subframe.
Proposal 3: It is recommended to at least support Alt.1. For Alt.2 and Alt.3, further discussion can be conducted on the pros and cons, and then decide whether to support such enhanced schemes for PUSCH in UpPTS.
(2) Design for TBS scaling

For the above mentioned Alt.1 and Alt. 2, since the TBS selection method in current specification only support normal uplink subframe transmission, it is necessary to design new TBS selection method for PUSCH in UpPTS. The TBS scaling principle that used for PDSCH in DwPTS can be referred. Nonetheless, the specific scaling factors need to be well designed, especially considering the possibility of variable number of symbols for SRS transmission. 
Proposal 4: The principle of TBS scaling design that used for PDSCH in DwPTS can be referred for TBS scaling design for PUSCH in UpPTS. The specific scaling factors design need to consider variable number of symbols for SRS transmission.
(3) Scheduling and HARQ timing design

For the newly added opportunity of PUSCH transmission in UpPTS, the scheduling timing and HARQ timing needs to be designed. It is recommended to support new timing for all 7 TDD configurations with the PUSCH in UpPTS. The design principles can follow the principles of Rel-8 for designing PUSCH [2]. In addition, the impact of PUSCH transmission for UpPTS to HARQ timing of existing PUSCH transmission in normal uplink subframes should be minimized as much as possible. Besides, the timing design should take into consideration of the processing time for the reduced number of symbols for PUSCH transmission. 
Proposal 5: It is recommended to support scheduling and HARQ timing for all 7 TDD configurations with the 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. 

(4) TTI bundling design

In current specification, only TDD configuration 0, 1, 6 support uplink TTI bundling, since the TTI bundling requires at least four UL subframes in a radio frame. When PUSCH transmission in UpPTS is allowed, it provide opportunity for TDD configuration 2 and configuration 3 to support TTI bundling. In order to support TTI bundling for these two configurations, the timing for scheduling and HARQ needs to be specified. In addition, the resource allocation also needs to be discussed, if UpPTS and normal uplink subframe are bundled.

Proposal 6: It is recommended to support TTI bundling for TDD configuration 2 and configuration 3. 

(5) 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 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 does not have restrict on scheduling of the PUSCH transmission, i.e., UpPTS can either be transmitted with its subsequent normal uplink subframe as one transmission resource, or be transmitted separately. However, since at least one UL 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 variable number symbols for 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. For channel estimation aiming for demodulation, the DMRS can be transmitted in the following uplink normal subframe. The channel estimation and demodulation performance may be degraded compared with Alt.1, especially in high-speed scenario.

Proposal 7: It is recommended to support configuration of whether transmitting DMRS in UpPTS or not, so as to allow eNB to keep the flexibility for trade-off between the uplink efficiency and uplink channel estimation performance for different UEs. 
(6) UCI transmission 

Even though it is not required to support PUCCH transmission in UpPTS, whether it is allowed to piggyback UCI in PUSCH in UpPTS need to be studied. Considering the ACK/NACK feedback for DL subframes, SR and periodic CSI have been well specified, they may not necessary to be transmitted in PUSCH in UpPTS. Transmitting aperiodic CSI in UpPTS seems natural and requires relatively small spec change such as trigger and timing changes.
Proposal 8: For UCI transmission, ACK/NACK feedback for DL subframes, SR and periodic CSI are not necessary to be transmitted in PUSCH in UpPTS. Transmitting aperiodic CSI in UpPTS seems natural extension of current specifications.
4. Conclusions 
In this contribution, we provided general discussion on design aspects for PUSCH in UpPTS and propose:
Proposal 1: It is recommended to support a new special subframe configuration 10, with 6 DL symbols of NCP in DwPTS, together with 6 symbols of NCP in UpPTS or with 5 symbols of ECP in UpPTS.

Proposal 2: Three PUSCH transmission schemes can be considered for UpPTS, which are: 1) Independent data block for PUSCH transmitted in UpPTS, 2) PUSCH transmission with a transmission block on combined UpPTS and the following UL subframe, and 3) Two consecutive UpPTS resources be bundled together to form one unit that with approximate resources as a normal uplink subframe.
Proposal 3: It is recommended to at least support Alt.1. For Alt.2 and Alt.3, further discussion can be conducted on the pros and cons, and then decide whether to support such enhanced schemes for PUSCH in UpPTS.
Proposal 4: The principle of TBS scaling design that used for PDSCH in DwPTS can be referred for TBS scaling design for PUSCH in UpPTS. The specific scaling factors design need to consider variable number of symbols for SRS transmission.

Proposal 5: It is recommended to support scheduling and HARQ timing for all 7 TDD configurations with the 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 6: It is recommended to support TTI bundling for TDD configuration 2 and configuration 3. 

Proposal 7: It is recommended to support configuration of whether transmitting DMRS in UpPTS or not, so as to allow eNB to keep the flexibility for trade-off between the uplink efficiency and uplink channel estimation performance for different UEs. 

Proposal 8: For UCI transmission, ACK/NACK feedback for DL subframes, SR and periodic CSI are not necessary to be transmitted in PUSCH in UpPTS. Transmitting aperiodic CSI in UpPTS seems natural extension of current specifications.
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Appendix A: Configurations of special subframe in TS36.211

Table 4.2-1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink
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