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1 Introduction
In RAN1#87, the following agreements were made for {DL,UL} configurations [1]:
Agreement:
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.
Agreement:
· For a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured

· FFS on across two PUCCH groups

In RAN1#88, the following agreements were made for {DL,UL} configurations [2]:

Agreements:
· 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#88bis, the following agreements were made for {DL,UL} configurations [3]:

Agreement:
· 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 this paper, we discuss the remaining issues on {DL,UL} configurations.  
2 Discussion
For CA capable UE, a UE may aggregate one CC (i.e. PCC) in low frequency band such as 2 GHz and one CC (i.e. SCC) in high frequency band such as 3.5GHz or higher. It may be difficult to configure sTTI transmission on the CC in low frequency band since there are many legacy UEs working with 1ms sTTI. More efficient sTTI transmission can be configured for the CC in high frequency band since there may be less or no legacy UEs working with 1ms sTTI. This is a typical inter-band CA scenario and should be supported for sTTI operation. As it was agreed to configure only one {DL, UL} sTTI length for CCs within the same PUCCH group, two PUCCH groups should be configured for such CA scenario. In this scenario 1ms TTI transmission is used for one PUCCH group with CC(s) in low frequency band and sTTI transmission can be configured for the other PUCCH group with CC(s) in high frequency band. 
In addition, since dynamic switching between sTTI and 1ms TTI is supported on each CC at least for supporting different traffics with different latency requirements, there will be the following UL simultaneous transmission cases with 1ms TTI and sTTI on different CCs even in the same PUCCH group, which means mechanisms should be specified for such cases. 
Case 1: sPUCCH on PCC and PUSCH on SCC

Case 2: PUCCH on PCC and sPUSCH on SCC
Case 3: sPUSCH on one CC and PUSCH on another CC

Hence, solutions should be provided to support the following cases:

1) 1ms TTI and sTTI configured in different PUCCH groups

2) Different UL sTTI length configured in different PUCCH groups

3) Simultaneous transmission of different TTI length (including 1ms and sTTI) in different CCs within a PUCCH group
Proposal 1: A CA UE can be simultaneously configured with PUCCH group with 1ms TTI transmission and PUCCH group with sTTI combination {DL, UL} should be supported.
Proposal 2: For a given UE, different PUCCH groups can be configured with different UL sTTI lengths.
Proposal 3: Simultaneous transmission of different TTI length in different CC should be supported.
To support different TTI lengths in different PUCCH groups, power scaling method should be studied for simultaneous UL transmissions in different PUCCH groups with different TTI lengths when the total transmit power exceeds the max allowed transmit power. Since the starting times of UL channels with different TTI lengths in different PUCCH groups may or may not align, it is similar as the synchronous DC and asynchronous DC in Rel-12. Generally, the following method can be considered:
· Reuse the PCM1 power scaling method as defined for DC scenario in Rel-12 when the starting times of UL channels with different TTI lengths are aligned or the uplink timing difference between UL channels with different TTI lengths is equal to or less than [image: image1.wmf]threshold
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· For PCM1, the power is allocated based on the following priority between two PUCCH groups: 

· PUCCH with SR = PUCCH/PUSCH with ACK/NACK > PUCCH/PUSCH with periodic CSI > PUSCH without UCI.
· When the same UCI type collides, PUCCH group containing PCell gets higher priority over PUCCH group containing SCell only.
· If a channel has more than one type of UCI, the prioritization across different PUCCH groups is based on the highest priority UCI type.
· The guaranteed minimum transmit power for each PUCCH group defined in DC may be not needed since scheduling is done jointly on all serving cells for CA. This is similar as the PUCCH on SCell scenario in Rel-13. 
· Reuse the PCM2 power scaling method as defined for DC scenario in Rel-12 when the starting time of UL channels with different TTI lengths are not aligned or the uplink timing difference between UL channels with different TTI lengths is more than [image: image2.wmf]threshold
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· For PCM2, the power is allocated based on the following priority between two PUCCH groups:

· The UL channel with earliest starting time has the highest priority.

· The guaranteed minimum transmit power for each PUCCH group defined in DC can be maintained to ensure the allocated power of UL channel carrying important UCI, since when UE determine the transmit power of one UL channel with long TTI, the UE may not predict whether there is UL channel with shorter TTI in subsequence.
Proposal 4: PCM1 and PCM2 power scaling methods defined in Rel-12 DC can be reused for PUCCH groups with different TTI length.
For the simultaneous transmission of UL channel with 1ms TTI and sTTI on different CCs within the same PUCCH group, when the starting times of UL channels with 1ms TTI length and sTTI are aligned, Rel-10 power scaling method with UCI and channel priority can be used within the same TTI length when the total transmit power exceeds the max allowed transmit power. Across different TTI lengths, the sTTI transmission power should be prioritized if power scaling is to be done. 

However, PCM2 power scaling method as defined for Rel-12 DC can’t be used when the starting time of UL channels with 1ms TTI length and sTTI are not aligned when the total transmit power exceeds the max allowed transmit power, since the sTTI transmission may be always behind the 1ms transmission in the same subframe and may be scaled always. To maintain the performance of sTTI transmission, the following method can be considered:
· Alt 1: Puncture/drop the part of the 1ms TTI that is to be transmitted concurrently with sTTI on different CCs in the same PUCCH group
· Alt 2: Scale the power of the part of the 1ms TTI that is to be transmitted concurrently with sTTI on different CCs in the same PUCCH group
Proposal 5: sTTI transmission power should be prioritized if power scaling is to be done for simultaneous transmission of sTTI and 1ms TTI.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: A CA UE can be simultaneously configured with PUCCH group with 1ms TTI transmission and PUCCH group with sTTI combination {DL, UL} should be supported.
Proposal 2: For a given UE, different PUCCH groups can be configured with different UL sTTI lengths.
Proposal 3: PCM1 and PCM2 power scaling methods defined in Rel-12 DC can be reused for PUCCH groups with different sTTI combinations.
Proposal 3: Simultaneous transmission of different TTI length in different CC should be supported.
Proposal 4: PCM1 and PCM2 power scaling methods defined in Rel-12 DC can be reused for PUCCH groups with different TTI length.
Proposal 5: sTTI transmission power should be prioritized if power scaling is to be done for simultaneous transmission of sTTI and 1ms TTI.
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