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1 Introduction
In RAN #72 meeting, a new work item on Shortened TTI and processing time for LTE were made [1]. One of the objectives is given as below.

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded
In the last meeting, there were the following agreements [2]:
Agreements:
·    At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB. 

· FFS how to indicate UL DMRS position 

· FFS whether or not to support fixed UL DMRS position 

·    For 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported

· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot 

This contribution further discusses some design aspects for sPUSCH transmission. 
2 Uplink DMRS
It was agreed that DMRS sharing/multiplexing of consecutive TTIs from one or multiple UEs is recommended to be supported. It is beneficial for DMRS overhead reduction. How to determine the DMRS position is still an open issue, and there are some candidate methods.
One simple way to indicate DMRS position is using 1 trigger bit in the UL grant to indicate the corresponding sPUSCH whether there is a DMRS or not. However, if UE misses the UL grant of indicating that there is DMRS, it will lead to that eNB cannot demodulate the latter sPUSCH due to lack of DMRS. In addition, this method is not for DMRS multiplexing of consecutive TTIs from multiple UEs.
Another method is indicating the DMRS position in the UL grant. For example, the DMRS position in one sTTI is predefined as the first symbol, 2 bits in UL grant are used to indicate which of the 4 consecutive sTTIs contains DMRS. As shown in Figure 1, sTTI#4 is scheduled for transmitting sPUSCH. The possible DMRS positions are in the four sTTIs before sTTI4 (including sTTI#4). eNB signals “10” to indicate that DMRS is in sTTI#3.
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Figure 1 An example of DMRS indication
When eNB schedules one UE consecutively, same DMRS position is informed for the consecutive sTTIs. As shown in Figure 2, sTTI#4 is scheduled by the UL grant in sTTI#0, which indicates sTTI#4 contains DMRS. sTTI#5 is scheduled by the UL grant in sTTI#1, which indicates that DMRS of sTTI#5 is in sTTI#4. sTTI#4 and sTTI#5  share the same DMRS. Even if miss detection happens in sTTI#0, and sPUSCH is not transmitted in sTTI#4, UE can still obtain the DMRS position in UL grant in sTTI#1. However, it may lead to the gap between sTTI#1 and #4 maybe smaller than the minimum timing. It may be too late for UE to transmit the DMRS. Certainly, longer timing between UL grant and the corresponding data can be specified to avoid this situation. But it will increase the scheduling delay when DMRS sharing/multiplexing is not used.
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Figure 2 An example of DMRS indication
To resolve the problem above, we propose a new indication method. DMRS position in one sTTI is predefined as the first symbol. Assuming UL grant is received in sTTI #n, as shown in Figure 3, the position of DMRS is in sTTI #n+k, where k is determined by the minimum timing, such as k=4. The position of data is in sTTI #n+k+x, where x is informed in the UL grant. When x=0, both DMRS and data are in same sTTI. When x>0, data is in the latter sTTI of data. Since the timing of UL grant and DMRS satisfies the minimum timing, DMRS transmission is not yet a problem in case of miss detection.
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Figure 3 The proposed indication method
If we apply the proposed method to the case shown in Figure 2, UL DMRS indication would be changed as bellow. One UL grant in sTTI#0 indicates x=0, that is both DMRS and data are still in sTTI #4. Another UL grant in sTTI #0 indicates x=1, that is DMRS is in sTTI #4, and data is in sTTI #5.

Proposal 1：DMRS position is determined by the minimum timing, but the relative position between DMRS and date is signalled in UL grant. 
3 UCI transmission on sPUSCH
For 2-symbol TTI, only one symbol is left for sPUSCH, CQI/PMI, RI and HARQ-ACK can only be placed in one symbol. Similar to the current principles in UCI allocation, three above types of information should be put in separate regions if allowed by the available resources, and they can be located in the two ends of the interleaving matrix as shown in Figure 4. In addition, the priority of the UCI is HARQ-ACK>RI>CQI/PMI, and the information with higher priority should be better protected. CQI/PMI can be punctured by HARQ-ACK if the allocated resource is not enough. If the resource becomes further less, RI is punctured to give a way for HARQ-ACK transmission.
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Figure 4. Multiplexing of UCI on sPUSCH for 2-symbol TTI
Proposal 2: For 2-symbol TTI, UCI transmission on sPUSCH should be redesigned.
· CQI/PMI, RI and HARQ-ACK should be put in separate regions of interleaving matrix as long as allowed by available resources.

· The protection priority of the UCI is HARQ-ACK>RI>CQI/PMI in case puncturing of UCI is needed. 
For 1-slot TTI, the currently specified method to transmit UCI on sPUSCH can be reused, as shown in Figure 5.
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Figure 5. Multiplexing of UCI with UL-SCH data for 1-slot TTI
For 4-symbol TTI, there is two sTTIs in one slot, and DMRS position is same as current specification. The current transmission way of UCI on PUSCH can be reused, but only applicable to the 4-symbols on one side of DMRS symbol. 
Proposal 3: For 7-symbol TTI and 4-symbol TTI, the present placement of UCI on PUSCH can be reused. 

4 Power control
According to SI agreements, a UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH. If accumulation power control is enabled, there are two options for calculation of (s)PUSCH power control adjustment 
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 in the power control procedure.
Option 1: 
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 is calculated separately between sPUSCH and PUSCH. That is, the power control adjustment of short TTI is only based on that of the latest short TTI, and the power control adjustment of legacy TTI is only based on that of the latest legacy TTI.
Option 2: 
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 of sPUSCH and PUSCH can be calculated based on each other. As shown in Figure 6, the yellow subframes contain the scheduled PUSCH, and the red sTTIs contain the scheduled sPUSCH. The power control adjustment of the first sTTI in subframe#2 is based on that of subframe#1, and the power control adjustment of suframe#3 is based on that of the last sTTI of subframe#2. 
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Figure 6. Power control of option 2
Between the two options, option 1 is simpler in design logic, but option 2 can provides more frequent TPC commands and therefore the more prompt real-time power control. It should be noted that option 2 may require sPUSCH and PUSCH have the similar power control target.  
Proposal 4: Power control process relating to sPUSCH and PUSCH should be further studied.
5 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1：DMRS position is determined by the minimum timing, but the relative position between DMRS and date is signalled in UL grant.  
Proposal 2: For 2-symbol TTI, UCI transmission on sPUSCH should be redesigned.
· CQI/PMI, RI and HARQ-ACK should be put in separate regions of interleaving matrix as long as allowed by available resources.

· The protection priority of the UCI is HARQ-ACK>RI>CQI/PMI in case puncturing of UCI is needed. 
Proposal 3: For 7-symbol TTI and 4-symbol TTI, the present placement of UCI on PUSCH can be reused. 

Proposal 4: Power control process relating to sPUSCH and PUSCH should be further studied.
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