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1	Introduction
In Rel-13, a 6-symbol UpPTS was introduced, primarily to provide more SRS transmission opportunities due to the increased need for 3D-MIMO feature. However, this 6-symbol UpPTS does not support PUSCH. In Rel-14, a new work item was approved to support PUSCH in the 6-symbol UpPTS.
In RAN1 #86, and RAN1 #86b, multiple agreements on PUSCH in UpPTS have been reached:
In this paper, we study other aspects of supporting PUSCH in UpPTS.
2	Discussion
This paper covers the following aspect of supporting PUSCH in UpPTS special subframes:
· Subframe structure
· HARQ timing

2.1	Subframe structure
The intention to add PUSCH support in UpPTS is to increase UL data rate by opening up new resources for UL data transmission. However, we should avoid very complex design to achieve this goal to limit the changes to the spec and to the UE and eNB implementation. Therefore, we propose to keep the design simple and do not change the PUCCH or UCI piggy back design. In other words, it is preferable not to add PUCCH in the UpPTS or support UCI piggy back in the PUSCH defined in UpPTS
[bookmark: a]Proposal 1. Do not add PUCCH, and do not support UCI piggy back in PUSCH in UpPTS. 
The original intention to introduce 6-symbol UpPTS was to support more SRS transmission opportunity. In Release 13, SRS can be configured to be transmitted from any of the 6 symbols in the UpPTS. In the PUSCH in UpPTS design, we should consider coexisting with SRS enhancement in the UpPTS, instead of forcing the operator to choose between the two features.
[bookmark: b]Proposal 2. The design of PUSCH in UpPTS should consider coexistence with multiple SRS transmission in UpPTS.
Since the same eNB makes the SRS scheduling decision and PUSCH transmission decision in UpPTS, a simple approach is for the eNB to maintain a split of the 6 OFDM symbols in the UpPTS beteween PUSCH and SRS. The SRS transmission can be scheduled in the SRS region, and PUSCH happens in the PUSCH region. The split of the two regions can be semi-statically configured, and can change slowly over time to reflect the variation in SRS dimension requirement. In other words, if there are many UEs with SRS to transmit, the SRS region can increase in size, at the cost of less resource available for PUSCH in the UpPTS. On the other hands, when there are less UEs to collect SRS, the SRS region can shrink to leave more resource for PUSCH transmission. Consider there are legacy UEs in the system that can only transmitting SRS in the end of UpPTS, the UpPTS can be designed to have PUSCH region in the beginning and SRS region in the end. A UE supports PUSCH transmission in UpPTS can be RRC configured with the size of the PUSCH region, so the information does not need to be carried in the DCI. The size of SRS region can be at least 0 or 1. If the PUSCH region is too small, the extra UL data gain may not worth the control overhead. Larger SRS region size may need further study.


Figure 1. SRS location PUSCH in UpPTS
[bookmark: c]Proposal 3. The UpPTS starts with a PUSCH region and ends with a SRS region, semi-statically maintained by the eNB. A UE is semi-statically configured with PUSCH region size in UpPTS.
[bookmark: d]Proposal 4. The SRS region size can be at least 0 or 1. The need for larger SRS region size needs further study.
For each PUSCH region size, the DMRS location needs to be defined. In RAN1 #86bis, there is a working assumption that DMRS is transmitted in the symbol index l=3 for normal CP, and the symbol index l=2 for extended CP. However, for high Doppler use case, it might be better to send two DMRS symbols, as shown in Option (B) of Figure 2. Further study may be needed to see if such two DMRS scheme is needed. In addition to that, in the case that only a few data symbols are available for PUSCH in UpPTS, in some cases, the PUSCH data symbols may be discontinuous from the DMRS location in the working assumption. For example, under normal CP, if there is only one data PUSCH symbol in symbol l=1, it might be better to keep DMRS at l=2, instead of l=3.
[bookmark: e][bookmark: _GoBack]Proposal 5. Confirm the working assumption that DMRS is transmitted in the symbol index l=3 for normal CP, and the symbol index l=2 for extended CP under the following situations:
· When only one DMRS symbol is transmitted within the UpPTS
· FFS if 2 symbol DMRS in PUSCH in UpPTS is needed
· When PUSCH data symbols are contiguous to the DMRS symbol



[bookmark: _Ref462313852]Figure 2. DMRS location options for PUSCH in UpPTS with 0-symbol SRS region
In RAN1 #86bis, there is proposal to transmit the DMRS of PUSCH in UpPTS in the next U subframe, to save one more OFDM symbol for PUSCH data transmission. We see several downsides of this design:
· This will introduce delay to eNB processing, as the channel estimation using DMRS cannot start till the DMRS location of the next U subframe
· The decoding performance may be degraded, as the DMRS is far away from the data. The dimension gain from OFDM symbol saving may not compensate the performance loss from worse channel estimation.
Therefore, we propose to always transmit DMRS within the PUSCH, as in other normal UL subframes.
[bookmark: f]Proposal 6. Always transmit DMRS within the PUSCH in UpPTS.

2.2	HARQ-ACK timeline
In RAN1 #86 and #86bis, it has been agreed that both adaptive and non-adaptive HARQ are supported for all TDD UL/DL configurations. For non-adaptive HARQ, no new PHICH will be defined. Instead, existing PHICH locations will be reused to send A/N for PUSCH in UpPTS. Multiple timing relationships have been agreed on already, such as the timing from UL grant to PUSCH in UpPTS. 
[bookmark: g]Proposal 7. The HARQ timeline for PUSCH in UpPTS should satisfy the property that a non-adaptive retransmission of this PUSCH happens in another UpPTS subframe.
One design satisfies this condition is summarized in Table 1 and Table 2. Table 1 defines the PUSCH to PHICH timing.  The value k listed indicates for PHICH received in subframe i, the PUSCH is transmitted in subframe i-k. Table 2 defines PHICH to PUSCH retransmission timing. The value k listed indicates for PHICH received in subframe n, the PUSCH retransmission will happen in subframe n+k. Note that PHICH will always be transmitted in a subframe with PHICH resource defined already.
[bookmark: _Ref457833484]Table 1. PUSCH in UpPTS to PHICH timing for TDD UL/DL configuration 1-5
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[bookmark: _Ref457906618]Table 2: PHICH to non-adaptive retransmission timing for TDD UL/DL configuration 1-5
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Note that to reuse the existing PHICH resources and restrict the retransmission of the PUSCH in another UpPTS subframe, the timeline design in Table 1 and Table 2 is not optimized from delay perspective. However, using non-adaptive HARQ here is mainly for control overhead saving, and if delay is critical, eNB can always use adaptive version and send out a UL grant.
[bookmark: h]Proposal 8. Adopt Table 1 and Table 2 for non-adaptive HARQ timeline for TDD UL/DL configuration 1-5.
The current number of synchronous UL HARQ processes for TDD is defined in Table 3. To support PUSCH in UpPTS, more HARQ processes will be needed. 
[bookmark: _Ref458165155]Table 3: Number of synchronous UL HARQ processes for TDD
	TDD UL/DL configuration
	Number of HARQ processes
 for normal HARQ operation
	Number of HARQ processes 
for subframe bundling operation

	0
	7
	3

	1
	4
	2

	2
	2
	N/A

	3
	3
	N/A

	4
	2
	N/A

	5
	1
	N/A

	6
	6
	3



To support the additional PUSCH in UpPTS, we will need to add two HARQ processes for each TDD UL/DO configuration. For configuration 0/1/2/6, the two more processes are needed to support the PUSCH in two UpPTS subframe in a frame. For configuration 3/4/5, though there is only one UpPTS subframe in a frame, due to the non-adaptive HARQ design, the retransmission of PUSCH is UpPTS cannot happen in the next UpPTS subframe in the next frame. Two additional HARQ processes are needed.
[bookmark: _Ref458165646]Table 4: Number of synchronous UL HARQ processes for TDD when PUSCH in UpPTS is supported
	TDD UL/DL configuration
	Number of HARQ processes
 for normal HARQ operation
	Number of HARQ processes 
for subframe bundling operation

	0
	7+2
	3

	1
	4+2
	2

	2
	2+2
	2

	3
	3+2
	2

	4
	2+2
	N/A

	5
	1+2
	N/A

	6
	6+2
	3



[bookmark: i]Proposal 9. Add 2 extra HARQ processes for all TDD UL/DL configurations.
Currently, for PUSCH transmission in subframe , the power control command in subframe  will be followed with  defined in Table 5. Basically, the  is designed to follow the UL grant time for the PUSCH transmission. 
[bookmark: _Ref457839162]Table 5. Current [image: ] for TDD configuration 0-6
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0 (LSB of UL index≠1)
	- 
	-
	6
	7
	4
	-
	-
	6
	7
	4

	0 (LSB of UL index=1)
	- 
	-
	7
	-
	-
	-
	-
	7
	-
	-

	1
	-
	-
	6
	4
	-
	-
	-
	6
	4
	-

	2
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	-
	-
	4
	4
	4
	-
	-
	-
	-
	-

	4
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-



To support PUSCH in UpPTS, we will need to define the power control timeline for S subframes as well. For configuration 0, the UL index field interpretation is redefined to support PUSCH in UpPTS, and for configuration 6, a new UL index field is added. The  design needs to reflect those change. Follow the same design philosophy as in Table 5, the  design to support PUSCH in UpPTS is shown in Table 6, with changes in red. 
[bookmark: _Ref457910489]Table 6. New[image: ] for TDD configuration 0-6 for PUSCH in UpPTS
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0 
	-
	6
	6
	7
	4
	-
	6
	6
	7
	4

	1
	-
	6
	6
	4
	-
	-
	6
	6
	4
	-

	2
	-
	5
	4
	-
	-
	-
	5
	4
	-
	-

	3
	-
	4
	4
	4
	4
	-
	-
	-
	-
	-

	4
	-
	4
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	4
	4
	-
	-
	-
	-
	-
	-
	-

	6 (otherwise)
	-
	6
	7
	7
	5
	-
	6
	7
	7
	-

	6 (ULindex=01)
	-
	-
	6
	-
	-
	-
	-
	6
	-
	-



Note this table is basically follow the timeline when the UL grant comes from.
[bookmark: j]Proposal 10. Adopt Table 6 for PUSCH power control timeline.

3	Conclusions 
We have the following proposals for PUSCH support in UpPTS:
Proposal 1. Do not add PUCCH, and do not support UCI piggy back in PUSCH in UpPTS. 
Proposal 2. The design of PUSCH in UpPTS should consider coexistence with multiple SRS transmission in UpPTS.
Proposal 3. The UpPTS starts with a PUSCH region and ends with a SRS region, semi-statically maintained by the eNB. A UE is semi-statically configured with PUSCH region size in UpPTS.
Proposal 4. The SRS region size can be at least 0 or 1. The need for larger SRS region size needs further study.
Proposal 5. Confirm the working assumption that DMRS is transmitted in the symbol index l=3 for normal CP, and the symbol index l=2 for extended CP under the following situations:
· When only one DMRS symbol is transmitted within the UpPTS
· FFS if 2 symbol DMRS in PUSCH in UpPTS is needed
· When PUSCH data symbols are contiguous to the DMRS symbol
Proposal 6. Always transmit DMRS within the PUSCH in UpPTS.
Proposal 7. The HARQ timeline for PUSCH in UpPTS should satisfy the property that a non-adaptive retransmission of this PUSCH happens in another UpPTS subframe.
Proposal 8. Adopt Table 1 and Table 2 for non-adaptive HARQ timeline for TDD UL/DL configuration 1-5.
Proposal 9. Add 2 extra HARQ processes for all TDD UL/DL configurations.
Proposal 10. Adopt Table 6 for PUSCH power control timeline.
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