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1. Introduction
At the RAN1#86 meeting [1], the following agreements on Uplink Capacity Enhancements for LTE were achieved:
· Support TTI bundling for TDD configuration 2 and 3 when supporting of PUSCH in UpPTS
· Specify the scheduling and HARQ timing for TTI bundling as follows 
· 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, with k in the following table
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In this contribution, we will make further discussion on the scheduling and HARQ timing for TTI bundling of TDD config. 2 and config. 3. In addition, we will design the resource allocation for TTI bundling.
2. Discussion on the scheduling and HARQ timing for TTI bundling 
In order to support TTI bundling for TDD config. 2 and config. 3, the timing for scheduling and HARQ needs to be specified. There are two options for HARQ transmission, one is to only support adaptive HARQ transmission, another is to support both adaptive and non-adaptive HARQ. In the following, we will discuss the scheduling and HARQ timing of the two options separately.
· Option1: Only support adaptive HARQ transmission. 
In this option, the retransmission of a PUSCH in UpPTS is scheduled by a UL grant with NDI not toggled. 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 retransmission UL grant triggering .
3) Timing 3: The timing from the retransmission UL grant triggering to the corresponding retransmission
The UE shall upon detection of a retransmission UL grant triggering 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 retransmission UL grant triggering;

· Principle 3: Minimize the impact on the timing for existing UL subframes.
As the timing 1 above was specified at the RAN1#86 meeting, according to the design principles, the latter two timing designs for TDD configuration 2 and 3 are listed in the following two tables. The corresponding timing relationship figures are illustrated in appendix for convenience. 

Table 1: Timing from the last PUSCH TTI in the bundle to the corresponding retransmission UL grant triggering
	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 2: 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


· Option2: Support both adaptive and non-adaptive HARQ transmission.
In this option, for non-adaptive HARQ transmission, it is necessary to specify the timing from PUSCH in UpPTS to its corresponding PHICH. 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: Minimize the impact on the timing for existing UL subframes.
· Principle 3: To maintain backward compatibility, it is not perferred to change the current PHICH availability as shown in Table 3. So the PHICH corresponding to PUSCH in UpPTS can only be added in DL subframes including legacy PHICH region.
· Principle 4: The time interval from UL grant to the corresponding first PUSCH TTI in the bundle and from the last PUSCH TTI in the bundle to the corresponding PHICH are both not less than 4 ms.
Based the above principles, especially Principle 3, the timing are designed as shown in table 4 and 5. The corresponding timing relationship figures are illustrated in appendix for convenience. 

Table 3: The factor 
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	Subframe number 
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	2
	1
	0
	0
	0
	2
	1
	0
	0
	0

	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1

	2
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0

	3
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1

	4
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	6
	1
	1
	0
	0
	0
	1
	1
	0
	0
	1


Table 4: 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
	
	7
	6
	
	
	
	7
	6
	
	

	3
	
	7
	6
	6
	6
	
	
	
	
	


Table 5: 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
	
	0
	
	
	3
	
	0
	

	3
	1
	
	
	
	
	
	
	7
	0
	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 6:

Table 6: 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 1: If only support adaptive HARQ transmission, it is recommended to specify the scheduling and HARQ timing according to Table1~Table2; If non-adaptive HARQ transmission is supported, it is recommended to specify the scheduling and HARQ timing according to Table4~ Table5. 
Proposal 2: The number of HARQ processes for subframe bundling operation under TDD configuration 2 and 3 are both two.
3. Discussion on the resource allocation for TTI bundling
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 be 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 
[image: image10.wmf]a

 can be further well designed. 
If the actually allocated resource for UpPTS is different from 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 be 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 the scheduling and HARQ timing as well as resource allocation design for TTI bundling of TDD config. 2 and config. 3 and propose:
Proposal 1: If only support adaptive HARQ transmission, it is recommended to specify the scheduling and HARQ timing according to Table1~Table2; If non-adaptive HARQ transmission is supported, it is recommended to specify the scheduling and HARQ timing according to Table4~ Table5. 
Proposal 2: 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 be 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(option1) 
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Appendix2: Illustration of Timing relationship for TDD configuration 3 with TTI bundling (option1)
[image: image15.emf]7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D

ULG S U U U a S U U U a S U U U

ULG S U U U a S U U U


[image: image16.emf]7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D

ULG U U U S a U U U S

ULG U U U S a U U U S


[image: image17.emf]7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D

ULG U U S U a U U S U

ULG U U S U a U U S U


[image: image18.emf]7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D

ULG U S U U a U S U U U

ULG U S U U a U S U U


Appendix3: Illustration of Timing relationship for TDD configuration 2 with TTI bundling (option2)
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Appendix4: Illustration of Timing relationship for TDD configuration 3 with TTI bundling (option2)
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