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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) Backward compatibility issues
2) DMRS for PUSCH in UpPTS
3) Scheduling of PUSCH in UpPTS for TDD UL/DL configuration 0 and 6
4) UL HARQ issue for TDD UL/DL configuration 0~6
5) TBS determination for PUSCH in UpPTS
2 Discussion
· Backward compatibility support
To support the additional special subframe configuration (SSP10), the table 4.2-1 in TS 36.211 will be updated as the following. 
Table 4.2-1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink
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The new SSP will be provided by additional SIB IEs to Rel-14 UEs. However, the new SSP10 is not supported by legacy UEs, so another legacy SSP configuration should be provided by SIB to legacy UEs. Therefore to keep the backward compatibility, it is proposed that if SSP10 is configured to Rel-14 UEs, the legacy UEs should be configured with either SSP0 or SSP5 in the RadioResourceConfigCommon parameter specialSubframePatterns.
Proposal 1: When SSP10 is configured to Rel-14 UEs, the legacy UEs should be configured with either SSP0 or SSP5 in the RadioResourceConfigCommon parameter specialSubframePatterns.
· 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 2: Legacy DMRS position is reused for PUSCH in UpPTS, i.e. the symbol index 
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for extended CP case.
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 puncture the 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 puncturing of DMRS symbol.  
Proposal 3:The number of SRS symbols configured in UpPTS should be signaled to UEs configured with PUSCH in UpPTS. UE shall puncture the PUSCH symbols accordingly to avoid collision with SRS in UpPTS.

· Scheduling of PUSCH in UpPTS for TDD UL/DL configuration 0 and 6

Scheduling timing for UpPTS in TDD UL/DL configuration #1~#5 has 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. For UL/DL configuration 0# and #6, as less DL subframes exit, multiple UL subframe scheduling should be used to support UpPTS scheduling.
The proposed UL scheduling timing for TDD UL/DL configuration #0 and #6 are shown in following table 1, where the yellow values are the new scheduling timing for UpPTS. 
Table 1 k for PUSCH for TDD configuration 0, 6

	TDD UL/DL
Configuration
	subframe index m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4,7
	5,6,7
	
	
	
	4,7
	5,6,7
	
	
	

	6
	7
	5,7
	
	
	
	7
	5,7
	
	
	5


In UL/DL configuration #0, the undefined state “00” on current 2bits UL INDEX can be reused for UpPTS scheduling. The state could be used for scheduling UpPTS only. Or alternatively, the state can be used for scheduling UpPTS + one or two normal UL subframe. It could also be considered to introduce a RRC configuration for eNB to choose between the alternatives. 
Proposal 4: Reuse the state “00” of existing UL INDEX for the scheduling of PUSCH in UpPTS only, or PUSCH in UpPTS+ one or two normal UL subframes, if PUSCH in UpPTS has to be supported in TDD UL-DL configuration#0.
In UL/DL configuration #6, as no UL INDEX exists in the DCI format, therefore how to achieve the multi-subframe schedule has to be discussed. Following options can be envisioned.
1) Reusing of existing UL DAI to UL INDEX, as proposed in [2]
2) Having additional 1bit in UL grant to enable multi-subframe scheduling
In option 1, if UL DAI is reused, then the existing functionality based on the UL DAI indication will be disabled, including 1) indication of “Number of subframes with PDSCH transmission and with PDCCH/EPDCCH indicating DL SPS release” for miss detection identification (although in UL-DL configuration #6, for each UL subframe, the associated number of DL subframe for HARQ-ACK feedback is always 1 but such indication is still useful for miss detection identification)  2) adjustment of ACK/NACK codebook size in PUSCH by DCI format 0/4 in CA case, thus not preferred. The relevant specification sections are shown in the appendix for reference. Therefore we prefer not to replace the existing behavior to avoid the changes to the existing functionalities that may already been implemented and avoid the significant change of the specs.  If there is strong desire to support PUSCH in UpPTS in TDD UL-DL configuration #6, it is proposed to add one more bit in UL grant. 
Proposal 5: Additional 1 bit in UL grant should be introduced if the PUSCH in UpPTS for TDD UL-DL configuration#6 has to be supported. 
· UL HARQ issue for TDD UL/DL configuration 0~6
For the UL HARQ design, following were agreed last meeting. 
· Support synchronized HARQ timing
· For TDD UL/DL configuration 1~5, down-select between the following options for HARQ transmission:

· Option1: Only support adaptive HARQ transmission, i.e., the retransmission of a PUSCH in UpPTS is scheduled by a UL grant with NDI not toggled

· Option2: Support both adaptive and non-adaptive HARQ transmission. For non-adaptive HARQ transmission, the PHICH is used, and the PHICH timing is designed based on the following principle:

· Principle: To keep the backward compatibility, the PHICH corresponding to PUSCH in UpPTS can only be added in DL subframes including legacy PHICH region

· FFS if non-adaptive HARQ transmission is supported for TDD UL/DL configurations 0 and 6
Given the UL synchronized HARQ and the NDI in UL grant, the adaptive HARQ retransmission can be supported. PHICH as defined from Rel-8 has the benefit of reducing the control signaling overhead for retransmission so is preferred to be kept as much as possible. Therefore it is proposed to support both adaptive and non-adaptive synchronized HARQ transmission for the feature of PUSCH in UpPTS. The PHICH corresponding to PUSCH in UpPTS can only be added in DL subframes including legacy PHICH region. The proposal applies to at least TDD UL-DL configuration #1~5, and can be applied to configuration #0 and 6 as well, if supported. The proposed PHICH timing for all the UL-DL configurations are shown in table 2. 
Table 2 kPHICH definition
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	5
	4
	7
	6
	
	5
	4
	7
	6

	1
	
	5
	4
	6
	
	
	5
	4
	6
	

	2
	
	7
	6
	
	
	
	7
	6
	
	

	3
	
	7
	6
	6
	6
	
	
	
	
	

	4
	
	7
	6
	6
	
	
	
	
	
	

	5
	
	7
	6
	
	
	
	
	
	
	

	6
	
	5
	4
	6
	6
	
	5
	4
	7
	


Proposal 6: Support both adaptive and non-adaptive synchronized HARQ transmission for the feature of PUSCH in UpPTS, in at least TDD UL-DL configuration #1~5. 
Proposal 7: Support both adaptive and non-adaptive synchronized HARQ transmission for the feature of PUSCH in UpPTS, in TDD UL-DL configuration #0 and 6, if supported. 
Proposal 8: When defining the PHICH timing, the PHICH corresponding to PUSCH in UpPTS can only be defined in DL subframes including legacy PHICH region.
· 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 9: 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.  
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: When SSP10 is configured to Rel-14 UEs, the legacy UEs should be configured with either SSP0 or SSP5 in the RadioResourceConfigCommon parameter specialSubframePatterns.
Proposal 2: Legacy DMRS position is reused for PUSCH in UpPTS, i.e. the symbol index 
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for extended CP case.
Proposal 3:The number of SRS symbols configured in UpPTS should be signaled to UEs configured with PUSCH in UpPTS. UE shall puncture the PUSCH symbols accordingly to avoid collision with SRS in UpPTS.

Proposal 4: Reuse the state “00” of existing UL INDEX for the scheduling of PUSCH in UpPTS only, or PUSCH in UpPTS+ one or two normal UL subframes, if PUSCH in UpPTS has to be supported in TDD UL-DL configuration#0.
Proposal 5: Additional 1 bit in UL grant should be introduced if the PUSCH in UpPTS for TDD UL-DL configuration#6 has to be supported. 
Proposal 6: Support both adaptive and non-adaptive synchronized HARQ transmission for the feature of PUSCH in UpPTS, in at least TDD UL-DL configuration #1~5. 

Proposal 7: Support both adaptive and non-adaptive synchronized HARQ transmission for the feature of PUSCH in UpPTS, in TDD UL-DL configuration #0 and 6, if supported. 
Proposal 8: When defining the PHICH timing, the PHICH corresponding to PUSCH in UpPTS can only be defined in DL subframes including legacy PHICH region.
Proposal 9: 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.  
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5 Appendix

Relevant section on existing functionalities based on UL DAI in TDD (TS36.213 Rel-13)

--------------------------------------------------------------------------------------------------------------------------

7.3.2.1
TDD HARQ-ACK reporting procedure for same UL/DL configuration

……
For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3, the value of the Downlink Assignment Index (DAI) in DCI format 0/4, [image: image36.wmf]UL
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, detected by the UE according to Table 7.3-X in subframe [image: image37.wmf]'
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 is defined in Table 7.3-Y, represents the total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s)[image: image39.wmf]k
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 includes all PDSCH transmission with and without corresponding PDCCH/EPDCCH within all the subframe(s) [image: image42.wmf]k

n

-

. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI format 0/4, [image: image43.wmf]UL
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, if transmitted, is set to 4.  

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, a value [image: image44.wmf]UL
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is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe [image: image45.wmf]'
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 is defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of [image: image47.wmf]UL
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 is set to 4 by the DAI in DCI format 0/4 if transmitted. 
…….

Table 7.3-X: Value of Downlink Assignment Index

	DAI
MSB, LSB
	[image: image48.wmf]UL
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V

  or  [image: image49.wmf]DL
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	Number of subframes with PDSCH transmission and 
with PDCCH/EPDCCH indicating DL SPS release

	0,0
	1
	1 or 5 or 9

	0,1
	2
	2 or 6 or 10

	1,0
	3
	3 or 7

	1,1
	4
	0 or 4 or 8


Table 7.3-Z: Value of [image: image50.wmf]UL
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 determined by the DAI field in DCI format 0/4
	DAI
MSB, LSB
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	0,0
	1

	0,1
	2

	1,0
	3

	1,1
	4
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