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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 discuss on possible TTI bundling enhancement, considering the support of PUSCH transmission in UpPTS.

2. Discussion on the TTI bundling enhancement 
In current specification, only TDD configuration 0, 1, 6 support uplink TTI bundling, since the TTI bundling requires at least four UL TTI 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. Thus it is recommended to specify solutions to support TTI bundling for TDD configuration 2 and 3.

Proposal 1: It is recommended to specify solutions to support TTI bundling for TDD configuration 2 and 3, with supporting of PUSCH in UpPTS.

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 together. In the following, we will provide detailed discussion on the two aspects respectively.
(1) Scheduling and HARQ timing for TTI bundling of TDD config. 2 and config. 3
The timing for TTI bundling design include the following three timing relationship: 

1) Timing 1: The timing from UL grant to the corresponding first PUSCH TTI in the bundle. 
Specifically, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k.
2) Timing 2: The timing from the last PUSCH TTI in the bundle to the corresponding PHICH.
Specifically, for scheduled PUSCH transmissions in subframe n, which corresponds to the last TTI in the bundle, a UE shall determine the corresponding PHICH resource in subframe 
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3) Timing 3: The timing from the PHICH to the corresponding retransmission
The UE shall upon detection of a PHICH transmission intended for the UE in subframe n-l, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k
To design the scheduling and HARQ timing, the following principles are recommended to be followed:
· Principle 1: Minimum delay from resource grant signalled to the position where it can be utilized by the UE;

· Principle 2: Minimum delay from the last PUSCH TTI in the bundle to the corresponding PHICH;
· Principle 3: Minimize the impact on the timing for existing UL subframes.

According to the design principles, the above three timing design for TDD configuration 2 and 3 are listed in the following three tables. The corresponding timing relationship figures are illustrated in appendix for convenience. 
Table 1: k for TDD configurations 2 and 3 in Timing 1
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	5
	
	4
	
	
	5
	
	4
	

	3
	4
	
	
	
	
	
	
	4
	4
	4


Table 2: k_phich for TDD configurations 2 and 3 in Timing 2
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	4
	6
	
	
	
	4
	6
	
	

	3
	
	4
	6
	6
	6
	
	
	
	
	


Table 3: l for TDD configurations 2 and 3 in Timing 3
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	3
	
	3
	
	
	3
	
	3
	

	3
	
	1
	
	
	
	
	
	7
	3
	1



According to the timing design, the number of HARQ processes for subframe bundling operation under TDD configuration 2 and 3 are listed in the following table 4:

Table 4: Number of HARQ processes for subframe bundling operation under TDD configuration 2 and 3

	TDD UL/DL configuration
	Number of HARQ processes for subframe bundling operation

	2
	2

	3
	2


Proposal 2: It is recommended to specify the scheduling and HARQ timing according to Table1~Table3. The number of HARQ processes for subframe bundling operation under TDD configuration 2 and 3 are both two.
(2) Resource allocation design for TTI bundling of TDD config. 2 and config. 3

If TTI bundling is used, the TTI in the bundle share the same UL grant, i.e., one DCI scheduling all TTI in the bundle. For conventional TTI bundling, since the length of TTIs in the bundle are same in time domain, the resource allocation in one DCI can be applied in different TTI in the bundle without performance loss. Nonetheless, if UpPTS and normal uplink subframes are bundled together, considering that the TBS transmitted in different TTI in the bundle are same, it may not efficient to assign same number of PRBs for UpPTS and normal uplink subframes. Specifically, if the number of PRBs is allocated conditioning on the small number of available symbols in UpPTS, then using the same number of PRB in the normal uplink subframe may results in waste of resource. In another way, if the number of PRBs is allocated conditioning on the number of available symbols in normal uplink subframe, then using the same number of PRB in the UpPTS may lead to much higher coding rate, which will degrade the decoding performance. 

To solve such issue, some resource allocation scaling design can be considered. For example, the resource allocation indicated in UL grant can be based on the available number of symbols in normal uplink subframe. Then the intended resource allocation in UpPTS can be derived by some scaling, e.g.,
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where 
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 is the allocated number of PRB in UpPTS, 
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 is the allocated number of PRB in normal uplink subframe, and 
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is a scaling factor larger than 1, whose value may depend on the ratio of resources in normal UL subframe and resources in UpPTS, and the exact value of 
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 can be further well designed. 
If the actually allocated resource for UpPTS is different the value derived from RIV in UL grant, then the uplink power control for UpPTS needs to be based on the actually allocated resource for UpPTS, rather than the value derived from RIV in UL grant.
Proposal 3: Considering that the TBS transmitted in different TTI in the bundle are the same, it may not efficient to assign same number of PRBs for UpPTS and normal uplink subframes. To solve such issue, some resource allocation scaling design can be considered.
4. Conclusions 
In this contribution, we provided possible TTI bundling enhancement, considering the support of PUSCH transmission in UpPTS and propose:
Proposal 1: It is recommended to specify solutions to support TTI bundling for TDD configuration 2 and 3, with supporting of PUSCH in UpPTS.
Proposal 2: It is recommended to specify the scheduling and HARQ timing according to Table1~Table3. The number of HARQ processes for subframe bundling operation under TDD configuration 2 and 3 are both two.

Proposal 3: Considering that the TBS transmitted in different TTI in the bundle are the same, it may not efficient to assign same number of PRBs for UpPTS and normal uplink subframes. To solve such issue, some resource allocation scaling design can be considered.
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Appendix1: Illustration of Timing relationship for TDD configuration 2 with TTI bundling 
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Appendix2: Illustration of Timing relationship for TDD configuration 3 with TTI bundling 
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