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1 Introduction
In RAN1#86bis, good progress was made on support of PUSCH in UpPTS for FS2. In this contribution, we discuss some remaining issues for the completion of the WI, including the following aspects:

1) DMRS for PUSCH in UpPTS
2) SRS for PUSCH in UpPTS
3) TBS determination for PUSCH in UpPTS
4) Non adaptive UL HARQ issue for TDD UL/DL configuration 1~5
5) Clarification on scheduling timing for TDD UL/DL configuration 6
2 Discussion
· DMRS for PUSCH in UpPTS
It has been agreed that “In UpPTS, independent transport block(s) is transmitted as a separate transmission resource”. Therefore, following the LTE design principle, each separate transmission should have its self-contained reference signal. So it is proposed that the legacy DMRS for PUSCH for 2nd slot is reused for PUSCH in UpPTS, i.e. the symbol index 
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Proposal 1: Confirm the working assumption on UL DMRS position in UpPTS, i.e. the symbol index 
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· SRS for PUSCH in UpPTS
From Rel-13, there can be up to 6 SC-FDMA symbols for SRS configured in UpPTS, and is signaled to the UEs capable of SRS symbol extension through dedicated RRC signaling. In order to support PUSCH in UpPTS, the collision issue between PUSCH and SRS should be considered. It is proposed to signal the number of SRS symbols configured in UpPTS for the UEs configured with PUSCH in UpPTS. Then UEs shall reserve symbols used for SRS when rate match UL data on PUSCH symbols to avoid collision with SRS. It means that if more than 3 symbols are configured for SRS in UpPTS, PUSCH cannot be transmitted in normal CP case, as it requires reservation of DMRS symbol for SRS.  
Proposal 2: The number of SRS symbols configured in UpPTS should be signaled to UEs configured with PUSCH in UpPTS. UE shall reserve symbols used for SRS when rate match UL data to avoid collision with SRS in UpPTS.

· TBS determination for 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. The existing scaling factor 0.375 can be used as a baseline, for the case of six symbols in UpPTS are available for PUSCH. A smaller scaling factor lower than 0.2 can also be considered, for the case with least symbols for PUSCH transmission, i.e. 3 symbols for PUSCH (2 symbol data + 1symbol DMRS) and 3 symbols for SRS. 
Proposal 3: The existing DwPTS TBS scaling factor 0.375 and one additional scaling factor of smaller than 0.2 can be supported to determine the TBS scaling for PUSCH in UpPTS.  
· Non adaptive UL HARQ issue for TDD UL/DL configuration 1~5
As it was agreed in last meeting, non-adaptive HARQ transmission for PUSCH in UpPTS is supported for TDD UL/DL configuration 1~5. PUSCH to PHICH timing should be defined for TDD UL/DL configuration 1~5. By keeping the backward compatibility, the PHICH corresponding to PUSCH in UpPTS can only be transmitted in DL subframes including legacy PHICH region. Based on the DL subframe with legacy PHICH region as high light in yellow, the proposed PHICH timing for TDD UL/DL configuration 1~5 are shown in table 1, where the values of kPHICH in red are defined for PUSCH in UpPTS.
Table 1 kPHICH definition for TDD UL/DL configuration 1~5
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	5
	4
	6
	
	
	5
	4
	6
	

	2
	
	7
	6
	
	
	
	7
	6
	
	

	3
	
	7
	6
	6
	6
	
	
	
	
	

	4
	
	7
	6
	6
	
	
	
	
	
	

	5
	
	7
	6
	
	
	
	
	
	
	


Since scheduling timings for UpPTS in TDD UL/DL configuration 1~5 have been agreed following the principle that UL DCI for PUSCH in UpPTS is transmitted in different subframes as the UL DCI for PUSCH in normal subframe, while PHICH and UL DCI for PUSCH in normal subframe are defined to be transmitted in the same subframe in legacy, PHICH and UL DCI carried HARQ-ACK for PUSCH in UpPTS will not be transmitted in the same subframe for TDD UL/DL configuration 1~5. As UL grant to PUSCH timings have been defined in RAN1#86 for TDD UL/DL configuration 1~5, if the same scheduling timing is used for PHICH to retransmission PUSCH, then PUSCH in UpPTS will be retransmitted in a normal subframe when triggered by PHICH. This will reduce the UL throughput since the frequency resource of retransmission PUSCH in normal subframe cannot be adjusted by PHICH triggered retransmission. 
To avoid such case, one simple way is to define scheduling timing for PHICH to retransmission PUSCHdifferently from UL grant to PUSCH, so as to maintain the retransmission of a PUSCH in UpPTS triggered by PHICH can  happen in the same UpPTS as in UL grant based retransmission. The scheduling timing of PUSCH in UpPTS including both UL DCI to PUSCH and PHICH to retransmission PUSCH is shown in table 2, where the red values are for the UL DCI to PUSCH timing in UpPTS (as agreed in RAN1#86), and the green values are for PHICH to retransmission PUSCH timing in UpPTS (newly proposed), black values are the definition of legacy UL DCI/PHICH to PUSCH timing in normal subframe. For TDD UL/DL configuration 2~5, since the UE processing for a PHICH triggered retransmission can be much simpler than a UL grant scheduled retransmission (UE don’t need to wait for the PDCCH blind decoding before preparing the retransmission data version, no additional channel coding, etc), 3 ms will be enough for the processing time between PHICH trigger and corresponding PUSCH retransmission in UpPTS. It should be noticed that with 3 ms definition for PHICH trigger to retransmission PUSCH timing for TDD UL/DL configuration 2~5, although the UL DCI and PHICH carried with HARQ-ACK for the same initial transmission of PUSCH in UpPTS are detected in different subframes, the retransmission will be triggered in same UpPTS which means the same RTT can be maintained for UL DCI and PHICH triggered PUSCH.
Table 2 k definition for scheduling timing for TDD UL/DL configuration 1~5
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	6
	6,5
	 
	 
	4
	6
	6,5
	 
	 
	4

	2
	 
	5
	 
	4,3
	 
	 
	5
	 
	4,3
	 

	3
	4
	 
	 
	 
	 
	 
	 
	4
	4,3
	4

	4
	 
	 
	 
	 
	 
	 
	 
	4
	4,3
	4

	5
	 
	 
	 
	 
	 
	 
	 
	4
	4,3
	 


Since there are both adaptive HARQ and non-adaptive HARQ for one PUSCH transmission in UpPTS, and the detection of UL DCI is earlier than PHICH, UE should always detect UL DCI in the defined subframe for possible retransmission PUSCH in UpPTS. When UL DCI which is used to trigger a retransmission of PUSCH in UpPTS is detected, there is no need to detect PHICH corresponding to the same PUSCH retransmission anymore; otherwise, when UL DCI for UpPTS is not detected, UE should further detect PHICH according to table 1 for a possible retransmission trigger which use the green k values in the table above.
Proposal 4: The PUSCH to PHICH timing defined in Table 1 should be supported for TDD UL/DL configuration 1~5 for PUSCH in UpPTS.

Proposal 5: The PHICH to PUSCH retransmission timing defined by green values of Table 2 should be supported for TDD UL/DL configuration 1~5 for PUSCH in UpPTS.

· Clarification on scheduling timing for TDD UL/DL configuration 6
For the scheduling timing for TDD UL/DL configuration 6, following were agreed in last meeting. 
· For TDD UL/DL configuration 6, support the following timing design from UL grant to PUSCH

· Introduce two bits for UL index field in DCI for UL grant in UE specific search space

· The UL index is interpreted as 

· When MSB=1 and LSB=0: UE shall upon detection of a PDCCH with DCI format 0/4 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with the value of k in the following table

· When MSB=0 and LSB=1: UE shall adjust the corresponding PUSCH transmission in subframe n+6

· When MSB=1 and LSB=1: UE shall adjust the corresponding PUSCH transmission in both subframes n+k and n+6, with the value of k in the following table

	TDD UL/DL
Config
	DL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	7
	7
	 
	 
	 
	7
	7
	 
	 
	5


Actually, if the condition of MSB=0 and LSB=1 is used for scheduling of PUSCH in UpPTS, the timing of n+6 should defined for subframe 0 and 5 only. If the condition of MSB=0 and LSB=1 is not only used for scheduling of PUSCH in UpPTS, at least the timing of n+6 should not be defined for subframe 9 since it will fall into the DL subframe#5. Similar condition should be clarified for MSB=1 and LSB=1 as well.
Proposal 6: It should be clarified for which DL subframe the n+6 UL grant to PUSCH scheduling timing is applicable. 
3 Conclusions
In this contribution, we discussed the remaining issues of PUSCH support in UpPTS for LTE TDD. Based on the above discussion, we have the following proposals:
Proposal 1: Confirm the working assumption on UL DMRS position in UpPTS, i.e. the symbol index 
[image: image5.wmf]3

=

l

for normal CP and 
[image: image6.wmf]2

=

l

for extended CP case.
Proposal 2: The number of SRS symbols configured in UpPTS should be signaled to UEs configured with PUSCH in UpPTS. UE shall reserve symbols used for SRS when rate match UL data to avoid collision with SRS in UpPTS.

Proposal 3: The existing DwPTS TBS scaling factor 0.375 and one additional scaling factor of smaller than 0.2 can be supported to determine the TBS scaling for PUSCH in UpPTS.  
Proposal 4: The PUSCH to PHICH timing defined in Table 1 should be supported for TDD UL/DL configuration 1~5 for PUSCH in UpPTS.

Proposal 5: The PHICH to PUSCH retransmission timing defined by green values of Table 2 should be supported for TDD UL/DL configuration 1~5 for PUSCH in UpPTS.

Proposal 6: It should be clarified for which DL subframe the n+6 UL grant to PUSCH scheduling timing is applicable. 
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