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[bookmark: _Ref477364681]Introduction
At RAN1#88 the supported sTTI combinations in {DL,UL} were agreed to be: {2,2}, {7,7} and {2,7}, and also that a single configuration applies for the carriers within a PUCCH group.

	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




This paper outlines how to handle sTTI combinations across PUCCH groups. It also considers the allocation of TTI together with sTTI both within and across PUCCH groups.
[bookmark: _Ref178064866]Discussion
At RAN1#88 it was agreed that the same sTTI length in each direction applies to all serving cells within the PUCCH group, see Section 1. 
Which configurations to allow between PUCCH groups in both DL and UL is still left open.
DL
For the DL, the main purpose to support shortened TTI is performance related. It has been shown that the gains in DL become larger with shorter TTI length. The gain shown is however dependent on the load of the system (different TTI lengths result in different control channel overhead). Hence, there could be some benefit in configuring different DL sTTI lengths in different carriers, depending on the load situation. There are also complexity impacts of utilizing sTTI and from an eNB perspective it may not be beneficial/possible to configure sTTI operation on all carriers, for example carriers with smaller bandwidth.
[bookmark: _Toc477367525][bookmark: _Toc477944987][bookmark: _Toc477945951][bookmark: _Toc478119290][bookmark: _Toc478119303][bookmark: _Toc478119313]The sTTI length in DL can be configured differently in different PUCCH groups
UL
[bookmark: _GoBack]For UL it is observed that different TTI lengths result in different supported coverage levels, as analyzed in for example [3]. Correspondingly, it is beneficial to allow sTTI operation of different UL TTI lengths on different carriers, this for example to support UCI payload for many cells or RRH deployments, see Figure 1. 


[bookmark: _Ref477367519]Figure 1: UE connected to multiple radio heads
On the other hand, if the UE transmits on multiple carriers at the same time in UL it is further beneficial to give the eNB the option to align the starting and ending positions of the sTTI to limit the impact of the transmission uncertainty period. 
It may thus be desirable to have the same length configured on all UL carriers. To facilitate and to enable a simple design it would be sufficient to specify support for the same sTTI length transmission from all carriers.
Power variation may indeed occur during the UL transmission on one carrier if transmission on another carrier is started in the middle of the first carrier’s transmission (as depicted in Figure 3), at least if the carriers would go through the same PA. In the current UE design, no such power variations within the configured output power measurement window is allowed, thus, when multiple carriers are transmitted using single PA, different TTI duration across the carriers may not be allowed. In case of separate transmit chains, the situation is different, but there is still a relation between them, since the UE is limited to a total transmit power across all antenna connectors (PCMAX).
[image: Picture2]
[bookmark: _Ref477938381]Figure 2: Power variation in the middle of a slot UL TTI due to the transmission of overlapping 2os UL TTI
In the following, it is assumed that separate transmit chains are used by the UE when transmitting across different PUCCH groups, considering that the above mentioned power allocation issues in Figure 2 should be avoided. This is also a proposed restriction if multiple TTI lengths are to be allowed across PUCCH groups.
[bookmark: _Toc477944988][bookmark: _Toc477945952][bookmark: _Toc478119286][bookmark: _Toc478119299][bookmark: _Toc478119309]To minimize impact on implementation and specification work, the possibility of different sTTI lengths in different PUCCH groups should only be considered for the case that they are mapped to different transmit chains in the UE
It is further assumed that:
1. The signal power transmitted through each transmit chain should remain unchanged across the (s)TTI duration. This is to avoid possible impact to the phase, and possibly the amplitude, causing issues in demodulation.
2. The same power per carrier should be unchanged over the TTI for the same reasons as in 1).
If sTTI:s are overlapping in time in the UL, it would help if the UE could calculate its power allocation before starting the transmission to comply with 1) and 2) above.
In Figure 3, the minimum expected time in the case of UL sTTI operation of both 2os and 7os is illustrated. The minimum timing between the UL grant for 2os before starting the transmission of the 7os sTTI is illustrated by dashed arrows. 
However, the actual minimum timing will be impacted by the assigned TA, the maximum TA difference allowed between carriers. 

Assuming for example a max TA of 67 us, a max TA difference of 32.47 us (currently allowed in CA and synchronous DC operation when UL aggregated carriers are in different TAGs), and a transient period outside the nominal sTTI border of 20 us, the remaining processing time to recalculate the PCMAX/power allocation for the UE would be roughly 43 us. It could be noted that the transient period could have an additional impact to this figure, considering that RAN4 is allowing the transient to happen outside the nominal sTTI border.
With a N+6 timing it looks from the figure that the time window would be longer for the PCMAX/power allocation recalculation, but this is not true in case the max TA is increased accordingly (which is a possible solution being currently discussed in RAN1).
Hence, the time to decode the sPDCCH, recalculate PCMAX/power allocation, and perform baseband power control and RF power control should be understood before it can be concluded if the specifications can require the UE to be aware of any overlapping sTTI allocations.
[bookmark: _Toc477944984][bookmark: _Toc477945948][bookmark: _Toc478119287][bookmark: _Toc478119300][bookmark: _Toc478119310]To understand if the UE can be aware of overlapping sTTI allocations clarification is required regarding the required reaction time from sPDCCH reception to execution of a new power allocation/PCMAX
[bookmark: _Toc477944989][bookmark: _Toc477945953][bookmark: _Toc478119291][bookmark: _Toc478119304][bookmark: _Toc478119314]Send an LS to RAN4 to clarify the required reaction time from sPDCCH reception to execution of a new power allocation/PCMAX


[bookmark: _Ref477421246]Figure 3: sTTI combination 2+7 in UL (assuming N+4 or N+6 timing for sTTI)
The 2+7 combination is the only sTTI combination with different lengths that can be expected on the different carriers. However, it is also possible to schedule 1 ms TTI in combination with sTTI. The same possible issue would exist in this case. The problem would be even more severe if the PCMAX is calculated on 1ms subframe level in which case the assignment for the DL sTTI could occur after the 1 ms TTI transmission has started. If the calculation instead would be performed on slot level for 1ms TTI duration, the situation becomes similar to the 2+7 sTTI combination.
[bookmark: _Toc477944985][bookmark: _Toc477945949][bookmark: _Toc478119288][bookmark: _Toc478119301][bookmark: _Toc478119311]Unless slot level based PCMAX calculation is used, there will be overlapping sTTI transmission with 1 ms not known to the UE when starting the 1 ms transmission
In case the UE is not aware of the overlapping allocations (the time to recalculate its power allocation/PCMAX is not enough), an option could be to assumed that the UE does not know about the later overlapping transmissions, and the power allocation is performed by ensuring at least a level of guaranteed power for each carrier The same procedure is used Dual connectivity power guarantee procedure for MCG and SCG.
In case of sTTI/sTTI or sTTI/TTI overlapping, without the UE being aware of the overlapping allocation, it should be considered that the shorter transmission is typically considered of higher importance, as well as more frequently being in a coverage limited scenario. Hence, there is an interest to reserve a large part of the power for the guaranteed power for sTTI. However, if the eNB would allocate a large portion of the guaranteed power to sTTI, the TTI power would be largely sub-optimum in case no sTTI transmission would occur in the end in the subframe.
[bookmark: _Toc477944986][bookmark: _Toc477945950][bookmark: _Toc478119289][bookmark: _Toc478119302][bookmark: _Toc478119312]Using a DC-like power allocation scheme between PUCCH TTI lengths would likely result in a sub-optimum allocation of power for the TTI transmissions
Based on the above reasoning, it is believed that before taking a decision on whether different sTTI lengths can be configured in different PUCCH groups, a clearer understanding is required on if the UE would be aware of the overlapping allocations when starting a transmission (asking RAN4 for a minimum processing time requirement) and if not, how the UE would act to ensure proper sTTI operation.
[bookmark: _Toc477944990][bookmark: _Toc477945954][bookmark: _Toc478119292][bookmark: _Toc478119305][bookmark: _Toc478119315]Before taking a decision on if different sTTI lengths in different PUCCH groups are to be allowed in the UL, a better understanding of possible implications to UE operation is needed
Conclusion
In section 2 we made the following observations:
Observation 1	To minimize impact on implementation and specification work, the possibility of different sTTI lengths in different PUCCH groups should only be considered for the case that they are mapped to different transmit chains in the UE
Observation 2	To understand if the UE can be aware of overlapping sTTI allocations clarification is required regarding the required reaction time from sPDCCH reception to execution of a new power allocation/PCMAX
Observation 3	Unless slot level based PCMAX calculation is used, there will be overlapping sTTI transmission with 1 ms not known to the UE when starting the 1 ms transmission
Observation 4	Using a DC-like power allocation scheme between PUCCH TTI lengths would likely result in a sub-optimum allocation of power for the TTI transmissions

Based on the discussion in section 2 we propose the following:
Proposal 1	The sTTI length in DL can be configured differently in different PUCCH groups
Proposal 2	Send an LS to RAN4 to clarify the required reaction time from sPDCCH reception to execution of a new power allocation/PCMAX
Proposal 3	Before taking a decision on if different sTTI lengths in different PUCCH groups are to be allowed in the UL, a better understanding of possible implications to UE operation is needed
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