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1	Introduction
In this contribution paper, we focus on presenting more details related to the design of UL sTTI as follows:
1) UCI mapping on 2-symbol sPUSCH
2) UL DMRS design
3) Additional UL pattern for sTTI#5
4) Providing interference diversity for sPUSCH
5) UL power control under the simultaneous transmission of TTIs of different lengths.
2	UCI Mapping on 2-Symbol sPUSCH
Based on the UL patterns that are defined so far, there are two cases to be considered:
· sPUSCH with 2 data symbols.
· sPUSCH with 1 data symbol.

For case 1, the similar approach as adopted in the legacy LTE can be supported. In particular, The CQI/PMI should be mapped on the top of the allocation in the time-first freq.-second manner by rate-matching. The HARQ ACK/NAK should be mapped to the bottom of allocation and on the symbol closer to the DMRS by puncturing. Finally, RI should be mapped to the bottom of the allocation and on the symbol next to the HARQ ACK/NAK by rate-matching.
Proposal 1: If two data symbols are available within an sPUSCH, then:
1) CQI/PMI should be mapped on the top of the allocation in the time-first freq.-second manner by rate-matching.
2) HARQ ACK/NAK should be mapped to the bottom of allocation and on the symbol closer to the DMRS by puncturing.
3) RI should be mapped to the bottom of the allocation and on the symbol next to the HARQ ACK/NAK by rate-matching.

Note that by following the legacy approach, the CSI components that are mapped onto the sPUSCH by rate-matching, i.e., CQI/PMI and RI, do have a fixed starting allocation point. For the second case, where there is only a single data symbol, it is desirable to follow the same procedure.
To follow the legacy procedure under case 2, the RI should be mapped to the bottom of the allocation, and CQI/PMI should be mapped starting from the top of the allocation. The starting location of HARQ ACK/NAK allocation is dependent on the number of resources needed for HARQ ACK/NAK and resources available in sPUSCH. If the sPUSCH resources excluding the resources needed for RI are sufficient for HARQ ACK/NAK, the starting position of HARQ ACK/NAK mapping is right after the last resource allocated to RI. In such a case, the priority rule will be HARQ ACK/NAK = RI. Otherwise, ACK/NAK is given a higher priority, and can puncture RI resources as well. 
Proposal 2: If there is only one data symbol available within an sPUSCH, then:
1) CQI/PMI should be mapped starting from the top of the allocation by rate-matching.
2) RI should be mapped to the bottom of the allocation by rate-matching.
3) HARQ ACK/NAK is mapped by puncturing the resources from the bottom to the top of the symbol, but the starting location of HARQ ACK/NAK allocation is dependent on the number of resources needed for HARQ ACK/NAK and resources available in sPUSCH.

3	UL DMRS Design
For 1-slot UL DMRS, both RPF = 1 and 2 are supported. For the 2-symbol UL DMRS, in addition to RPF = 2, RPF = 1 should also be supported. Based on the need, one of the two can be indicated to the UE. It should be noted that the same approach is already adopted for legacy FD-MIMO operation.
Proposal 3: For 2-symbol sTTI operation, both RPF = 1 and 2 should be supported for the UL DMRS.
For both 1-slot and 2-symbol sTTI operations, similar to the FD-MIMO operation, a 1-bit field can be accommodated in the sDCI to indicate the IFDMA configuration, and a separate bit field can be used to indicate the comb index and the CS index.
Proposal 4: For sTTI operation, the IFDMA configuration should be indicated via a 1-bit field in the sDCI. A separate field is used to indicate the CS and comb indices. 
4	Additional UL Pattern for sTTI#5
So far, the following UL patterns are introduced for the 2-symbol sTTI operation:
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In terms of the location of the transient period, incurred by changing the frequency allocation or the transmit power, RAN4 has considered the following cases [1]:
Table 1: List of all possible cases for transient periods between consecutive symbols.
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For each case, the location of the transient period is decided as follows [1]:
Table 2: Logic to decide the location for the transient periods for each of the cases in Table 1.
	Case
	If condition
	Then

	1,1a,2
	If the symbols across the transient are [R,R]
	Share the transient period symmetrically

	
	Else if the symbol on the right of the transient is ‘R’
	Irrespective of the symbol on the left, place the entire transient period in the right ‘R’

	
	Else if the symbol on the left of the transient is ‘R’
	Irrespective of the symbol on the right, place the entire transient period in the left ‘R’

	
	Else
	Share the transient period symmetrically between the two symbols/TTIs

	3
	For all possible data patterns
	Place the entire transient period in right/next TTI

	4
	If the last symbol of current TTI is SRS and if the first symbol on the right sTTI is ‘R’
	Place the entire transient period in ‘R’

	
	Else if the last symbol of current TTI is SRS and if the first symbol on the right sTTI is ‘D’
	Share the transient period symmetrically between the two symbols/TTIs

	
	Else
	Place the entire transient period in current TTI

	5
	For all data patterns
	Treat this case similar to that of legacy 1msec+1msec TTI



As can be observed, the location of the transient period has been chosen to protect SRS and data symbols whenever possible. However, currently only one data pattern is allowed for sTTI#5, which does not allow for utilizing this optimization to be done in RAN4. Hence, a new data pattern of “DRD” is needed to help RAN4 optimizing the UL performance in the presence of SRS. 
Proposal 5: The UL pattern of DRD should be supported for sTTI#5.
5	Interference Diversity for sPUSCH
In legacy LTE, each UL codeword  is scrambled by a scrambling sequence  according to:

where, the scrambling sequence generator shall be initialized at the start of each subframe according to:

Using the same scrambling sequence generator for an sTTI operation is not desirable. This is because if the scrambling sequence is set at the subframe boundary, the same sequence will be used for multiple UL sTTIs. Hence, in order to gain from interference diversity, the scrambling sequence initialization should be dependent on the sTTI index. Further, the scrambling sequence can be dependent on whether it is used for the initial transmission or retransmissions. Hence, we have that:
Proposal 6: For the UL sTTI operation, a codeword is scrambled by a sequence that is initialized as: 

6	Remaining Issues of UL Power Control
So far, it is agreed that the UE declares its capability of supporting simultaneous transmission of UL TTIs per band/band combination. In particular, if the UL TTIs of different lengths are scheduled over non-contiguous intra-band CCs or inter-band CCs, simultaneous UL transmission is feasible. A proper UL power control scheme should meet the following procedures:
· Since different TTI lengths follow different processing times, the decisions related to the UL grant for the longer TTI should not be dependent on the later grants associated with shorter TTIs.
· The total UE’s power should be used if needed.
· The power allocated to the longer TTI should not be wasted by dropping the UL transmission.

In order to meet the above-mentioned requirements, the following power control scheme can be adopted:
First, the eNB has to reserve some power per TTI lengths across all CCs. Then, the power of the earlier transmission (e.g., longer TTI) for CC “c1” is determined by P_{earlier,c1} = min{ required power of the earlier transmission for CC “c1”, Pcmax,c1 }. Note that c1 is a carrier which belongs to the set of carriers, C1, containing the earlier transmission(s). Let the sum of P_{earlier,c1} over all c1’s in set C1 be denoted by P_{earlier,tot}. If P_{earlier,tot} exceeds Pcmax-P_{later,guaranteed}, i.e., the guaranteed power for the earlier transmission, P_{earlier,c1} for all c1’s is scaled down until P_{earlier,tot} does not exceed Pcmax-P_{later,guaranteed}. The power scaling down procedure across the CCs is performed by following the legacy rules. In the next step, the power of the later overlapped transmission (e.g., shorter TTI) for CC “c2” is determined by P_{later,c2} = min{ required power of the later transmission for CC “c2”, Pcmax,c2 }. Note that c2 is a carrier which belongs to the set of carriers, C2, containing the later transmission(s). Let the sum of P_{later,c2} over all c2’s in set C2 be denoted by P_{later,tot}. If P_{later,tot} exceeds Pcmax-P_{earlier,guaranteed}+max{0, P_{earlier,guaranteed}-P_{earlier,tot}}, i.e., the total power available for the later transmission, P_{later,c2} for all c2’s is scaled down until P_{later,tot} does not exceed Pcmax-P_{earlier,guaranteed}+max{ 0, P_{earlier,guaranteed}-P_{earlier,tot} }. The power scaling down procedure across the CCs is performed by following the legacy rules.

Proposal 7: The UL power control scheme for supporting simultaneous transmission of different TTI lengths should be as follows:
· A guaranteed power for each TTI length is reserved.
· The power of the earlier transmission (e.g., longer TTI) for CC “c1” is determined by P_{earlier,c1} = min{ required power of the earlier transmission for CC “c1”, Pcmax,c1 }. Note that c1 is a carrier which belongs to the set of carriers, C1, containing the earlier transmission(s). Let the sum of P_{earlier,c1} over all c1’s in set C1 be denoted by P_{earlier,tot}. If P_{earlier,tot} exceeds Pcmax-P_{later,guaranteed}, i.e., the guaranteed power for the earlier transmission, P_{earlier,c1} for all c1’s is scaled down until P_{earlier,tot} does not exceed Pcmax-P_{later,guaranteed}. The power scaling down procedure across the CCs is performed by following the legacy rules. 
· The power of the later overlapped transmission (e.g., shorter TTI) for CC “c2” is determined by P_{later,c2} = min{ required power of the later transmission for CC “c2”, Pcmax,c2 }. Note that c2 is a carrier which belongs to the set of carriers, C2, containing the later transmission(s). Let the sum of P_{later,c2} over all c2’s in set C2 be denoted by P_{later,tot}. If P_{later,tot} exceeds Pcmax-P_{earlier,guaranteed}+max{0, P_{earlier,guaranteed}-P_{earlier,tot}}, i.e., the total power available for the later transmission, P_{later,c2} for all c2’s is scaled down until P_{later,tot} does not exceed Pcmax-P_{earlier,guaranteed}+max{ 0, P_{earlier,guaranteed}-P_{earlier,tot} }. The power scaling down procedure across the CCs is performed by following the legacy rules.
7	Conclusions 
Proposal 1: If two data symbols are available within an sPUSCH, then:
1) CQI/PMI should be mapped on the top of the allocation in the time-first freq.-second manner by rate-matching.
2) HARQ ACK/NAK should be mapped to the bottom of allocation and on the symbol closer to the DMRS by puncturing.
3) RI should be mapped to the bottom of the allocation and on the symbol next to the HARQ ACK/NAK by rate-matching.

Proposal 2: If there is only one data symbol available within an sPUSCH, then:
1) CQI/PMI should be mapped starting from the top of the allocation by rate-matching.
2) RI should be mapped to the bottom of the allocation by rate-matching.
3) HARQ ACK/NAK is mapped by puncturing the resources from the bottom to the top of the symbol, but the starting location of HARQ ACK/NAK allocation is dependent on the number of resources needed for HARQ ACK/NAK and resources available in sPUSCH.

Proposal 3: For 2-symbol sTTI operation, both RPF = 1 and 2 should be supported for the UL DMRS.
Proposal 4: For sTTI operation, the IFDMA configuration should be indicated via a 1-bit field in the sDCI. A separate field is used to indicate the CS and comb indices. 
Proposal 5: The UL pattern of DRD should be supported for sTTI#5.
Proposal 6: For the UL sTTI operation, a codeword is scrambled by a sequence that is initialized as: 



Proposal 7: The UL power control scheme for supporting simultaneous transmission of different TTI lengths should be as follows:
· A guaranteed power for each TTI length is reserved.
· The power of the earlier transmission (e.g., longer TTI) for CC “c1” is determined by P_{earlier,c1} = min{ required power of the earlier transmission for CC “c1”, Pcmax,c1 }. Note that c1 is a carrier which belongs to the set of carriers, C1, containing the earlier transmission(s). Let the sum of P_{earlier,c1} over all c1’s in set C1 be denoted by P_{earlier,tot}. If P_{earlier,tot} exceeds Pcmax-P_{later,guaranteed}, i.e., the guaranteed power for the earlier transmission, P_{earlier,c1} for all c1’s is scaled down until P_{earlier,tot} does not exceed Pcmax-P_{later,guaranteed}. The power scaling down procedure across the CCs is performed by following the legacy rules. 
· The power of the later overlapped transmission (e.g., shorter TTI) for CC “c2” is determined by P_{later,c2} = min{ required power of the later transmission for CC “c2”, Pcmax,c2 }. Note that c2 is a carrier which belongs to the set of carriers, C2, containing the later transmission(s). Let the sum of P_{later,c2} over all c2’s in set C2 be denoted by P_{later,tot}. If P_{later,tot} exceeds Pcmax-P_{earlier,guaranteed}+max{0, P_{earlier,guaranteed}-P_{earlier,tot}}, i.e., the total power available for the later transmission, P_{later,c2} for all c2’s is scaled down until P_{later,tot} does not exceed Pcmax-P_{earlier,guaranteed}+max{ 0, P_{earlier,guaranteed}-P_{earlier,tot} }. The power scaling down procedure across the CCs is performed by following the legacy rules.
8	References
[1] R1-1711615, “Response LS for time mask for sTTI”. 



6/6
image1.emf
Case  Current  symbol/  TTI  Next  symbol/ TTI  

1  2os/3os  2os/3os  

1a  2os  SRS  

2  Intra sTTI 2os/3os/7os hopping  

3  2os/3os  1msec/7os  

4  1msec/7os  2os/3os  

5  1msec/7os  7os /1msec  

 


