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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 some discussion on the HARQ timing design of UpPTS, when independent data block in UpPTS.

2. Discussion on HARQ timing design 
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, that is, no matter which HARQ process it belongs, the data transmitted in the same subframe index should be feedback on the same feedback subframe index.
· 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. 
· Principle 5: Minimum delay from the PUSCH to the corresponding PHICH.
Following up the above mentioned HARQ timing design principle, two design methods can be considered for the timing of PUSCH in UpPTS, one is redesigning the HARQ timing including both normal subframes and UpPTS, the other is keeping the timing of normal subframes while only introducing new HARQ process to address the PUSCH in UpPTS. In order to reduce the impact of newly added PUSCH in UpPTS, it is recommended to follow the principle of minimizing the impact of HARQ timing on existing UL subframes.
Proposal 1: 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. 
Different Uplink-downlink configurations for TDD systems should be considered, and the 7 Uplink-downlink configurations for LTE are given in Table 1.
Table 1: Uplink-downlink configurations for LTE TDD FS2
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From the table, we can see that for TDD UL/DL configuration 0 and 6, if UpPTS supports PUSCH transmission, the number of downlink subframes will be less than number of uplink subframes. Therefore, one downlink subframe needs to schedule two or more uplink subframes simultaneously. By contrast, for TDD UL/DL configuration 1~5, the number of downlink subframes is not less than number of uplink subframes, thus one PUSCH can always correspond to a unique UL grant in a downlink subframe. Considering these difference, in the following, we will separately provide the timing design for TDD UL/DL configuration 1-5, and for TDD UL/DL configuration 0 and TDD UL/DL configuration 6.

2.1 Timing design for TDD Configuration 1-5

The timing include the following two timing relationship: 

1) Timing 1: The timing from UL grant to the corresponding PUSCH; 

Specifically, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k
2) Timing 2: The timing from the PUSCH to the corresponding PHICH. 
Specifically, for scheduled PUSCH transmissions in subframe n, a UE shall determine the corresponding PHICH resource in subframe 
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According to the design principles, the above two timing design for TDD configuration 1~5 are listed in the following two tables. The corresponding timing relationship figures are illustrated in appendix for convenience. 

Table 2: k for TDD configurations 1~5 in Timing 1 
	TDD UL/DL
Configuration
	DL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	6
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	4
	6
	6
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	2
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	4
	
	
	5
	
	4
	

	3
	4
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	4
	4

	4
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	4
	4

	5
	
	
	
	
	
	
	
	4
	4
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 for TDD configuration 1-5 in Timing 2
	TDD UL/DL
Configuration
	UL subframe index n

	
	0
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	9
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	5
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	5
	6
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	6
	6
	6
	
	
	
	
	

	4
	
	6
	6
	6
	
	
	
	
	
	

	5
	
	6
	6
	
	
	
	
	
	
	


Note: The values that appear in red in Table 2 and Table 3 denote newly added ones compared with the existing tables.
Proposal 2: It is recommended to specify the scheduling and HARQ timing according to Table2~Table3 for TDD configuration 1~5.

2.2 Timing design for TDD Configuration 0
For TDD config. 0, to schedule the PUSCH in UpPTS and for the corresponding retransmission, one solution is to bundle the resources of UpPTS and the following normal uplink subframe to transmit TBS. One benefit is that the scheduling and HARQ timing of the following normal uplink subframe can be reused. Nonetheless, such design will put restriction on the flexibility of scheduling and resource allocation. In this part, we will mainly discuss the solution of separate TBSs transmitted in UpPTS and normal uplink subframe. As discussed in Section 2.1, two timing relationships need to be discussed, which are 1)Timing 1: The timing from UL grant to the corresponding PUSCH; and 2)Timing 2: The timing from the PUSCH to the corresponding PHICH. In the following, we will separately discuss the two timing design. 
a) Timing 1: The timing from UL grant to the corresponding PUSCH
For TDD config. 0, since one downlink subframe may need to transmit UL grants for two uplink subframes simultaneously, a new field named UL index with 2bits is defined in UL grant. If UpPTS support PUSCH transmission, it is possible that one downlink subframe may need to transmit UL grants for three uplink subframes. If the design principle of UL index is considered, it may be necessary to introduce more bit for UL index, e.g., set the UL index field with 3bits, which shall impact the DCI format design. In order to reduce the impact on DCI format, it is recommended to reuse the UL index field of 2bits in current DCI format to solve the scheduling issue for PUSCH in UpPTS.

In the current specification, three states of UL index in DCI format 0 have been used, which are:

1) MSB=1, LSB=0: 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) MSB=0, LSB=1: UE shall adjust the corresponding PUSCH transmission in subframe n+7
3) MSB=1, LSB=1: UE shall adjust the corresponding PUSCH transmission in both subframes n+ k and n+7
Considering there is still a state of UL index unused, i.e., MSB=0, LSB=0, the left state can be used for indication of scheduling of PUSCH in UpPTS. The scheduling indication of such new state of UL index can be interpreted as one of the following three scheduling cases: (a) case 1: the UL grant only schedule the PUSCH in UpPTS; (b) the UL grant schedule the PUSCH in UpPTS and the PUSCH in one normal subframe; (c) the UL grant schedule the PUSCH in UpPTS and the PUSCH in two normal subframes;
To illustrate the above scheme, a scheduling example is shown in Fig. 1, where the case 1 for MSB=0 and LSB=0 is shown as an example.
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(d)MSB=0, LSB=0
Fig. 1. Illustration of different scheduling indications of UL index
b) Timing 2: The timing from the PUSCH to the corresponding PHICH
It is necessary to specify the timing from PUSCH in UpPTS to its corresponding PHICH. Following the principle of minimizing delay from the PUSCH to the corresponding PHICH and the overhead of ACK/NACK should be average in all subframes during the same round-trip time, the [image: image8.emf]PHICH
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 for TDD configuration 0 in Timing 2 can follow the Table 4. 
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	TDD UL/DL
Configuration
	UL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	5
	4
	7
	6
	
	5
	4
	7
	6


Proposal 3: For TDD config. 0, it is recommended to exploit the unused state of UL index, i.e., MSB=0, LSB=0, for indication of scheduling of PUSCH in UpPTS. The PHICH position of the PUSCH in UpPTS with subframe number n is n+5. 
2.3 Timing design for TDD Configuration 6
For TDD config. 6, if UpPTS support PUSCH transmission, it is possible that one downlink subframe may need to transmit UL grants for two PUSCH in two subframes. For such scheduling and for the corresponding retransmission, one solution is to bundle the resources of UpPTS and the following normal uplink subframe to transmit TBS. One benefit is that the scheduling and HARQ timing of the following normal uplink subframe can be reused. Nonetheless, such design will put restriction on the flexibility of scheduling and resource allocation. In this part, we will mainly discuss the solution of separate TBSs transmitted in UpPTS and normal uplink subframe. As discussed in Section 2.1, two timing relationships need to be discussed, which are 1) Timing 1: The timing from UL grant to the corresponding PUSCH; and 2) Timing 2: The timing from the PUSCH to the corresponding PHICH. In the following, we will separately discuss the two timing design. 

a) Timing 1: The timing from UL grant to the corresponding PUSCH
To schedule the two PUSCH in two subframes, the method that applied in current specification for TDD config. 0 can be considered. Specifically, a UL index field can be introduced in DCI format 0 for TDD config. 6. By following the timing design principles, the indication of MSB and LSB for UL index can be interpreted as
1) MSB=1, LSB=0: 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 the value of k as the same in existing spec for TDD config. 6.
2) MSB=0, LSB=1: UE shall adjust the corresponding PUSCH transmission in subframe n+6
3) MSB=1, LSB=1: UE shall adjust the corresponding PUSCH transmission in both subframes n+ k and n+6, with the value of k as the same in existing spec for TDD config. 6.
To illustrate the above scheme, a scheduling example is shown in Fig. 2.
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Fig. 2. Illustration of different scheduling indications of UL index
b) Timing 2: The timing from the PUSCH to the corresponding PHICH
It is necessary to specify the timing from PUSCH in UpPTS to its corresponding PHICH. Following the principle of minimizing delay from the PUSCH to the corresponding PHICH, the [image: image13.emf]PHICH
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 for TDD configuration 6 in Timing 2
	TDD UL/DL
Configuration
	UL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	4
	4
	6
	6
	
	4
	4
	7
	


Proposal 4: For TDD config. 6, two solutions can be considered for the timing design, one is to bundle the resources of UpPTS and the following normal uplink subframe to transmit TBS, the other is to introduce new bit field in DCI format 0 to enable scheduling of two independent TBS in UpPTS and normal uplink subframe.
3. Conclusions 
In this contribution, we provided the timing relation design for PUSCH in UpPTS and propose:
Proposal 1: 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 2: It is recommended to specify the scheduling and HARQ timing according to Table2~Table3 for TDD configuration 1~5.

Proposal 3: For TDD config. 0, it is recommended to exploit the unused state of UL index, i.e., MSB=0, LSB=0, for indication of scheduling of PUSCH in UpPTS. The PHICH position of the PUSCH in UpPTS with subframe number n is n+5. 

Proposal 4: For TDD config. 6, two solutions can be considered for the timing design, one is to bundle the resources of UpPTS and the following normal uplink subframe to transmit TBS, the other is to introduce new bit field in DCI format 0 to enable scheduling of two independent TBS in UpPTS and normal uplink subframe.
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5. Appendix
Timing design for TDD Configuration 1-5
The HARQ timing relationship figure for TDD configuration 1 is as follows:
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The HARQ timing relationship figure for TDD configuration 2 is as follows:
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The HARQ timing relationship figure for TDD configuration 3 is as follows:
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The HARQ timing relationship figure for TDD configuration 4 is as follows:
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The HARQ timing relationship figure for TDD configuration 5 is as follows:
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The HARQ timing relationship figure for TDD configuration 0 is as follows:
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The HARQ timing relationship figure for TDD configuration 6 is as follows:
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