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1 Introduction
In RAN#71, WI on Uplink Capacity Enhancements for LTE was agreed with the following objectives [1]:
· UL support of PUSCH transmission in special subframe 

· 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 document, we discuss the design of PUSCH in UpPTS.  
2 Discussion
To support PUSCH, at least the following aspects should be considered:
· Transmission structure
· DMRS design

· Scheduling timing design

· HARQ design
· TBS determination
For transmission structure, similar PUSCH transmission structure as legacy PUSCH including channel coding, RE mapping, SRS supporting and so on can be reused in UpPTS only with less SC-FDMA symbols. Whether frequency hopping is supported or not for PUSCH in UpPTS should be further studied.
Proposal 1: Legacy PUSCH transmission structure can be reused for PUSCH in UpPTS for up to 6 SC-FDMA symbols.
DMRS pattern for PUSCH in UpPTS should be defined. Either new DMRS pattern with on one DMRS symbol by reusing the legacy DMRS pattern in one slot or new DMRS pattern with two DMRS symbols within PUSCH in UpPTS can be considered. 
Proposal 2: DMRS pattern should be defined for PUSCH in UpPTS by either the legacy or new DMRS pattern.
For scheduling timing design, similar as legacy mechanism, PDCCH/PHICH detected in subframe n is used to adjust PUSCH transmission in UpPTS in special subframe n+k. New k values for PUSCH transmission in UpPTS in special subframe n for each TDD UL/DL configuration should be defined. The following methods can be considered to design scheduling timing for PUSCH in UpPTS:
· Option 1: UL DCI for PUSCH in UpPTS is transmitted in the same subframe as the UL DCI for PUSCH in normal subframe. For example as defined in Table 1 with an assumption that at least 4ms scheduling delay is maintained, the k values of yellow color are used for scheduling for PUSCH in UpPTS, the other k values are used for scheduling PUSCH in normal subframe. In this option, UE should be able to differentiate the UL grant for normal subframe and for UpPTS in a same DL subframe, with the following candidate methods. 
· Option 1-1: new UL DCI format with different number of information bits from legacy UL DCI is defined for PUSCH in UpPTS. In this method, the UE blind decoding in a DL subframe for UL grant may be increased. 
· Option 1-2: Legacy UL DCI format is reused for UpPTS defined for PUSCH in UpPTS. To differentiate the UL grant for normal UL subframe and UpPTS, different RNTIs may be used to distinguish the scheduled normal UL subframe or UpPTS. This method does not increase the UE blind decoding but will increase the UL grant false alarm. 
· Option 1-3: a new UL DCI format is defined for “PUSCH in UpPTS capable” UE and is used for scheduling of both normal UL subframe and UpPTS. The new UL DCI format can include additional information field to distinguish the normal UL subframe and UpPTS. The DL DCI format can be padded to match the size of the new UL DCI format. In this method, no increase on UE blind decoding or UL grant false alarm is imposed. 
· Option 2: UL DCI for PUSCH in UpPTS is transmitted in different subframes as the UL DCI for PUSCH in normal subframe. For example as defined in Table 2 with an assumption of at least 4ms scheduling latency, the DL subframes with k of yellow color are used for scheduling for PUSCH in UpPTS, the other DL subframes are used for scheduling PUSCH in normal subframe. Option 2 can be used for TDD UL/DL configuration 1~5 only since there are DL subframes without UL DCI for PUSCH in normal subframe in the legacy scheduling timing. Since UE support PUSCH in UpPTS will decode UL DCI for PUSCH in normal subframe and UpPTS separately in different DL subframes, the number of blind decoding can be maintained as legacy even if new UL DCI format for PUSCH in UpPTS is defined. 
Table 1 k for PUSCH for TDD configuration 0~6
	TDD UL/DL
Configuration
	subframe index m

	
	0
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	2
	3
	4
	5
	6
	7
	8
	9
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Table 2 k for PUSCH for TDD configuration 1~5
	TDD UL/DL
Configuration
	subframe index m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	6
	6
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	6
	6
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	4
	
	
	
	
	
	
	4
	4
	4
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	4
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	4
	4
	


From the perspectives on number of blind decoding and performance of PDCCH detection, we slightly prefer option 1-3 or option 2. And it should be discussed whether PUSCH in UpPTS should be supported in TDD UL-DL configuration 0 and 6. 
Proposal 3: New scheduling timing should be defined for PUSCH in UpPTS.
Proposal 4: It should be discussed whether PUSCH in UpPTS is supported in TDD UL-DL configuration 0 and 6
Proposal 5: Either option 1-3 or option 2 can be considered for the design of new scheduling timing for PUSCH in UpPTS.
For HARQ design for PUSCH in UpPTS, the following methods can be considered:

· Alt 1: HARQ-ACK of PUSCH in UpPTS is carried in PHICH similar as legacy mechanism, i.e. synchronous HARQ
· For PUSCH in UpPTS in special subframe n, UE shall determine the corresponding PHICH resource in subframe n+kPHICH. New kPHICH for PUSCH in UpPTS in each special subframe should be defined for each TDD UL/DL configuration. For example as defined in Table 3 with an assumption that at least 4ms scheduling latency, the k values of yellow color are used for PUSCH in UpPTS, the other values are used for PUSCH in normal subframe.
· PHICH corresponding to PUSCH in UpPTS can be transmitted only in subframes with legacy PHICH resource considering the backward compatibility with legacy UEs 

In this alternative, as the PHICH groups are shared by PUSCH in normal subframes and UpPTS, there could be PHICH collision issues, as mentioned in the following:

· PHICH resource limitation: Legacy PHICH resources reserved in one subframe are shared between PUSCHs in normal subframe and in UpPTS 

· eNB scheduling restriction: Ensure PUSCHs in normal subframe and in UpPTS which detect PHICH in the same subframe have different low PRB indices or DMRS cyclic shifts, so as to avoid PHICH collision

· Alt 2: HARQ-ACK of PUSCH in UpPTS is carried in UL DCI. And PUSCH transmission in normal subframes uses synchronous HARQ with PHICH. 
· Async HARQ for PUSCH in UpPTS shall be supported and sync HARQ for PUSCH is maintained for normal UL subframes. 
· UL DCI for PUSCH in UpPTS should be designed with indication of HARQ process number

· HARQ-ACK can be obtained from NDI field in the corresponding UL DCI

· Alt 3: HARQ-ACK of PUSCH in UpPTS and normal subframe are both carried in UL DCI for UE support PUSCH in UpPTS 

· Async HARQ for PUSCH in both UpPTS and normal subframe shall be supported

· UL DCI for PUSCH in UpPTS should be design with indication of HARQ process number

· HARQ-ACK can be obtained from NDI field in the corresponding UL DCI
Table 3 kPHICH defination
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
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Generally speaking, Alt 1 is simplest in both the specification and UE implementation while Alt 2 and 3 requires new HARQ mechanism and UL DCI design with indication of HARQ process number.
Proposal 6: If the PHICH resource limitation and scheduling restriction is acceptable, new HARQ timing for PHICH detection for PUSCH in UpPTS should be defined by sharing the PHICH resource with legacy UEs, otherwise, async HARQ should be supported for PUSCH in UpPTS.
Proposal 7: New maximum number of HARQ process number should be defined for UE support PUSCH in UpPTS.
For TBS used for PUSCH in UpPTS, similar TBS scaling method as used for PDSCH in DwPTS can be used for PUSCH in UpPTS for simplify. New scaling factor may be considered if necessary. 
Proposal 8: Similar TBS scaling method as for PDSCH in DwPTS can be used for PUSCH in UpPTS.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Legacy PUSCH transmission structure can be reused for PUSCH in UpPTS for up to 6 SC-FDMA symbols.

Proposal 2: DMRS pattern should be defined for PUSCH in UpPTS by either the legacy or new DMRS pattern. .
Proposal 3: New scheduling timing should be defined for PUSCH in UpPTS.

Proposal 4: It should be discussed whether PUSCH in UpPTS is supported in TDD UL-DL configuration 0 and 6
Proposal 5: Either option 1-3 or option 2 can be considered for the design of new scheduling timing for PUSCH in UpPTS.
Proposal 6: If the PHICH resource limitation and scheduling restriction is acceptable, new HARQ timing for PHICH detection for PUSCH in UpPTS should be defined by sharing the PHICH resource with legacy UEs, otherwise, async HARQ should be supported for PUSCH in UpPTS.
Proposal 7: New maximum number of HARQ process number should be defined for UE support PUSCH in UpPTS.
Proposal 8: Similar TBS scaling method as for PDSCH in DwPTS can be used for PUSCH in UpPTS.
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