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Discussion and Decision
1
Introduction
At RAN1#87, the following agreement on the supported UL/DL sTTI combinations has been reached [1]:
· 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.
At RAN1#88 [2], the working assumption on the support of {2,7} has been confirmed with some further agreed details on the operation:

· 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

At RAN1#88bis [3], it was agreed to at least enable different DL sTTI combinations for different PUCCH cell groups:

· 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 contribution, we discuss further aspects of the sTTI configurability within a PUCCH groups as well as on the open issue of supporting different UL sTTI lengths for different PUCCH groups. 
2
sTTI CA operation within a PUCCH group
The agreement from RAN1#88 notes, that within a PUCCH group only a single sTTI combination can be configured, but does not clarify the CC specific configuration within a PUCCH group. 
When discussing the configurability for shorter TTI, we need to consider at the same time the UE capability for shorter TTI support. First, requiring the sTTI operation to be supported on all the carriers a UE is supporting would hamper early support of the sTTI feature in terminals. Therefore, UEs supporting shorter TTI on less carriers than given by the CA capability should be possible and the UE should indicate the number of carriers the sTTI can be operated on. As the sTTI operation is mainly a baseband capability issue (i.e. how much processing power the UE has available), the sTTI operation should be possible independent of the specific band or band combination for a UE. Moreover, we don’t see a need for independent UE capability signalling of sTTI for UL and DL. A UE supporting shorter TTI operation up to X carriers, should be capable of supporting sTTI for up to X DL and UL carriers (or up to the number of UL carriers supported by the UE overall). And finally, of course the UE capability signalling will need to include the supported sTTI combinations from the set of {2,2}, {2,7} and {7,7}. To summarize the discussions here, we think the following UE capability and UE capability signalling should be specified:

Proposal 1: The shorter TTI UE capability signalling will need to provide the following information: 
· The UE indicates the supported DL/UL sTTI combination(s) from the set {2,2}, {2,7} and {7,7}.

· The UE indicates the maximum number of cells it is able to operate with shorter TTI.

· No separate indication of UL & DL sTTI capability is seen as needed. 

· No band or band combination specific indication is seen as needed.

· UE capability signalling details are up to RAN2.

In CA, each CC can be independently configured and we believe that this should equally be applicable also for the sTTI configuration. One motivation to keep in mind here is, that the UE may not support as many sTTI carriers as legacy (1ms) TTI carriers, it should be possible to operate (within a PUCCH group) some CCs with sTTI and others only with 1ms TTI. Therefore, independent configuration of the sTTI operation for each CC is required. Of course, the cell carrying PUCCH should be UL & DL sTTI enabled to guarantee the sPUCCH availability.
Currently implemented UE categories support more DL than UL CCs. If the sTTI configuration would be limited to carriers having a valid UL & DL (i.e. UL & DL SCell), the DL sTTI would be limited to the number of UL carriers the UE is supporting. Such limitation is unnecessary, and following the agreement to only support a single DL sTTI length within a PUCCH group, the 2-OS sTTI should be possible for a DL only SCell within a PUCCH group operating with {2,2} or {2,7}, and 7-OS sTTI should be possible for a DL only SCell within a PUCCH group operating with {7,7}.
To summarize the discussions here, we bring a combined proposal forward that should cover all the remaining configuration details for sTTI within a PUCCH group.  
Proposal 2: The sTTI operation can be configured independently for each component carrier within a PUCCH group with the single selected sTTI combination with the following flexibilities and restrictions: 
· The serving cell carrying PUCCH must be configured with sTTI operation of the selected sTTI combination if at least one other serving cell in the PUCCH group is configured with sTTI. 

· The sTTI configuration equally applies to UL and DL of a serving cell. 

· sTTI configuration/operation on DL-only SCells is supported

One additional thing to consider is the cross-carrier scheduling support for sTTI operation. First, the advantages of cross-carrier scheduling specifically for sTTI operation are not clear to us. Moreover, the support for cross-carrier scheduling in terminals is rather limited. The DL control overhead for sTTI operation is an issue and therefore the DCI size should be kept compact. Not supporting cross-carrier scheduling for sTTI operation would reduce the sTTI size by 3bit. 
One additional point to consider is the sTTI DL control reuse for sPDSCH operation (which is still open). Certain proposed methods are relying fully on the self-scheduling assumption. Thus, supporting cross-carrier scheduling will reduce options for reuse of unused sPDCCH resources for sPDSCH. 
Proposal 3: Cross-carrier scheduling is not supported for sTTI operation.

3
sTTI length combinations of different PUCCH groups
At RAN1#88bis, the support for at least different DL sTTI lengths for different PUCCH groups has been agreed. As noted in our earlier contributions on this topic, we think that (if possible) independent operation of different PUCCH groups as much as possible should be enabled and therefore should also support different UL sTTI lengths for different PUCCH groups. 

The available UL sTTI operation decisions in terms of UL channel prioritization, power control etc. are unfortunately not all in place to be able to finally state that different UL sTTI lengths can be (easily) supported. Thus, we suggest for RAN1 at this point of time to take a working assumption on supporting different UL sTTI lengths for different PUCCH groups to be confirmed after having more clarity on the UL sTTI CA/DuCo operation. This should not influence the RAN2 RRC configuration specification development in case a component carrier specific configuration of the sTTI operation is to be implemented, as captured in our Proposal 2 above. 

Proposal 4: RAN1 to take a working assumption on supporting different UL sTTI lengths across different PUCCH groups. The decision to confirm the working assumption should be taken only when the details on the overall UL sTTI operation are available.

4
Conclusions
In this contribution, we discussed further details on sTTI operation within the CA/DuCo framework. The discussions can be summarized by the following proposals: 

· Proposal 1: The shorter TTI UE capability signalling will need to provide the following information: 
· The UE indicates the supported DL/UL sTTI combination(s) from the set {2,2}, {2,7} and {7,7}.

· The UE indicates the maximum number of cells it is able to operate with shorter TTI.

· No separate indication of UL & DL sTTI capability is seen as needed. 

· No band or band combination specific indication is seen as needed.

· UE capability signalling details are up to RAN2.

· Proposal 2: The sTTI operation can be configured independently for each component carrier within a PUCCH group with the single selected sTTI combination with the following flexibilities and restrictions: 

· The serving cell carrying PUCCH must be configured with sTTI operation of the selected sTTI combination if at least one other serving cell in the PUCCH group is configured with sTTI. 

· The sTTI configuration equally applies to UL and DL of a serving cell. 

· sTTI configuration/operation on DL-only SCells is supported
· Proposal 3: Cross-carrier scheduling is not supported for sTTI operation.

· Proposal 4: RAN1 to take a working assumption on supporting different UL sTTI lengths across different PUCCH groups. The decision to confirm the working assumption should be taken only when the details on the overall UL sTTI operation are available.
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