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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. According to [1], 2-symbol sTTI needs to be completed by RAN#76.
In RAN1#88 meeting, it was agreed that

· Confirm working assumption on support for {DL,UL} sTTI combination {2,7}.

· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}

· FFS whether different sTTI combination can be configured for different PUCCH group

In RAN1#88b meeting, it was agreed that

· Different DL sTTI length can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured

· FFS: If different UL sTTI lengths can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured

In RAN1#89 meeting, it was agreed that
· Conclusion: There is no consensus to support {2,14} and {7,14} in this WI

· sTTI operation is configured per CC

· If sTTI is configured on any SCell within a PUCCH group, the cell carrying PUCCH shall be configured with sTTI with the sTTI combination of the PUCCH group

· sTTI operation can also be configured in a DL only SCell 

· If multiple processing timelines for a given sTTI combination are allowed, then only one processing timeline per PUCCH group is configured.
· Working assumption

· UE capability signaling on the maximum number of CCs for sTTI operation is defined

· FFS on joint or separate UE capability on the maximum number of DL CCs and UL CCs

· FFS per sTTI combination

· FFS: Whether sTTI specific band/band combination is required

In this contribution, we analyze and give our views on the sTTI lengths configuration and power control in CA scenarios.
2 UL sTTI length configuration in CA scenarios
For DL CA and UL CA within a PUCCH group, it was agreed that one combination can be configured for a given UE. However, whether different UL sTTI lengths can be configured for different PUCCH groups is still FFS, which is discussed in section 2.1. And UE capability signaling on the maximum number of CCs for sTTI operation is discussed in section 2.2.
2.1 Configuration of UL sTTI lengths for different PUCCH groups
To support different coverage, UCI capacity or timing advance, we prefer to have the flexibility that UL sTTI length can be independently configured for each PUCCH group. If different UL sTTI lengths are configured for different UL CCs, UL power control needs further study. However, if 1ms TTI and sTTI scheduled in the same subframe on different CCs is supported, the UL power control mechanism can also be used in cases that different UL sTTI lengths are configured.  
Proposal 1: For a given UE, different UL sTTI lengths can be configured for different PUCCH groups.
2.2 UE capability signaling on maximum number of CCs
UE capability on the maximum number of CCs needs to be reported. 
· FFS on joint or separate UE capability on the maximum number of DL CCs and UL CCs
As in Rel-10, UL CA and DL CA capabilities are reported separately, UE capabilities on the maximum numbers of DL CCs and UL CCs for sTTI operation should be reported separately. 
· FFS per sTTI combination
Since processing time requirements may be different for different sTTI combinations, UL capability should be reported per sTTI combination. If a UE supports more than one sTTI combinations, multiple capabilities corresponding to multiple sTTI combinations are reported.
· FFS: Whether sTTI specific band/band combination is required
sTTI capability should be a baseband capability, so it is not related to band or RF.

Proposal 2: Confirm the working assumption that UE capability signaling on the maximum number of CCs for sTTI operation is defined.

· separate UE capability on the maximum number of DL CCs and UL CCs
· per sTTI combination
· no sTTI specific band/band combination
3 Power control in CA scenarios
3.1 UL power control when TTIs with the same lengths overlap
In the Rel.11 carrier aggregation, when the total transmission power of UE exceeds the maximum UE transmission power, power scaling priority is specified based on channel type, i.e.,  PRACH>PUCCH>PUSCH with UCI > PUSCH without UCI > SRS. For the simultaneous transmissions of the same type channels, e.g., PUSCH without UCI, the power of each channel is equally scaled.  In the Rel.12 synchronized dual connectivity, the power scaling priority is further determined by UCI type, which is HARQ/SR > CSI > data > SRS.

In short TTI case, the transmission of sPUSCH with UCI, sPUSCH without UCI, sPUCCH, SRS, and PRACH channels may be transmitted in the same subframe. In addition, considering DMRS sharing among sTTIs, there will be cases such as sPUSCH without DMRS, sPUSCH with DMRS, sPUCCH, which are shown in Figure 1 and Figure 2. These cases should also be considered in power scaling priority.
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Figure 1. Channel transmission case if simultaneous sPUSCH and sPUCCH transmission or UL CA in sTTI
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Figure 2. Channel transmission case if UL CA in sTTI
From the above discussions, we have the following proposal:
Proposal 3: UL power scaling priority should be further studied, considering channel type, UCI type, DMRS sharing, and sTTI/TTI multiplexing.

3.2 UL power control when TTIs with different lengths overlap
For UL, when UL sTTI operation is configured for more than one UL CC, or the 1ms TTI and sTTI PUSCH are dynamically scheduled on the same subframe in different CCs, the impacts of the simultaneous UL transmissions with different length TTIs on uplink power control should be considered. In such cases, the shortened TTI may occur at the middle of longer TTI, the starting TTI boundaries of UL channels with different TTI lengths may not be aligned as shown in Figure 3. As a result, there would be an uplink timing difference between UL channels with different TTI lengths. For simultaneous transmission of 2-symbol and 1ms TTI, the uplink timing difference can be from 0 to 11 symbols plus maximum TAG difference time. As this has been considered in power control for DC, which has maximum uplink timing difference of 35.21us in synchronous DC and 500us in asynchronous DC, the UL power control solution of DC should be considered as a baseline for sTTI. 

Considering the potential simultaneous UL transmission of different TTI lengths within a PUCCH group, the configuration of minimum guaranteed power per cell group may not be effective, because it cannot guarantee the required power for more important data or UCI, which are more likely to be transmitted on shorter TTI lengths. Hence, the semi-static configuration of minimum guaranteed power per TTI length is more reasonable than per cell group. 

[image: image3.emf]   

1ms

DM-RS sPUSCH

PUSCH and/or PUCCH

CC1

CC2


Figure 3. Channel transmission case when 1ms TTI and sTTI transmissions overlap
In the case that TTIs with different lengths overlap, the power control on DMRS should also be considered. Naturally, sTTI is of higher priority than 1ms TTI transmission, then if DMRS of 1ms TTI PUSCH overlaps with sPUSCH transmission, then the performance of 1ms TTI PUSCH is decreased as its DMRS power is scaled down, as shown in Figure 4. To tackle this problem, the DMRS power of 1ms TTI can be guaranteed to avoid the impacts of 1ms sTTI to all 1ms PUSCH of other CCs. 
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Figure 4. Channel transmission case when DMRS of 1ms TTI and sTTI transmissions overlap
Furthermore, in legacy LTE, PRACH is always more prioritized than other channels, such as PUSCH, PUCCH and SRS. When sTTI transmission carrying low latency requirement traffic overlaps with PRACH, it is reasonable that some kind of PRACH can be delayed to guarantee low latency traffic performance in power limited case. For example in figure 5, when PRACH transmission is in the serving cell of secondary TAG and sTTI transmission is in the Pcell of primary TAG, the power of sTTI transmission can be prioritized to guarantee urgent traffic transmission and PRACH transmission can be delayed.  
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Figure 4. Channel transmission case when PRACH and sTTI transmissions overlap
Proposal 4: UL power control of dual connectivity should be considered as the baseline for sTTI.

Proposal 5: The DMRS power of 1ms PUSCH is guaranteed when 1ms TTI and sTTI PUSCH overlaps.

Proposal 6: The UL sTTI transmission can be prioritized than PRACH that is not configured with sTTI operation.

4 Conclusions
In this paper, we have analyzed sTTI combinations in CA scenarios with following proposals:
Proposal 1: For a given UE, different UL sTTI lengths can be configured for different PUCCH groups.
Proposal 2: Confirm the working assumption that UE capability signaling on the maximum number of CCs for sTTI operation is defined.

· separate UE capability on the maximum number of DL CCs and UL CCs
· per sTTI combination
· no sTTI specific band/band combination
Proposal 3: UL power scaling priority should be further studied, considering channel type, UCI type, DMRS sharing, and sTTI/TTI multiplexing.

Proposal 4: UL power control of dual connectivity should be considered as the baseline for sTTI.

Proposal 5: The DMRS power of 1ms PUSCH is guaranteed when 1ms TTI and sTTI PUSCH overlaps.

Proposal 6: The UL sTTI transmission can be prioritized than PRACH that is not configured with sTTI operation.
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