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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)


This contribution considers the aspects of dynamic switching of 1ms TTI and sTTI.
2 Discussions 
Regarding sTTI configuration, dynamic switching between 1ms TTI and sTTI operations, the following agreements were made in RAN1#90. 
	Agreement:
· RAN2 specification should allow for different UL sTTI lengths to be configured for the serving cells across different PUCCH groups for which sTTI operation is configured. Such a configuration might be restricted in RAN1 specifications later on.

· NOTE: Power allocation and applicable band combinations for this case is FFS
· NOTE: No specific optimization for power allocation is intended

Agreement:
· Define separate UE capability per sTTI length combination {DL,UL}: 
· {2,2},{2,7},{7,7},{7,7}+{2,7},{2,2}+{2,7},{7,7}+{2,2}
· NOTE: The last two combinations only apply if different UL sTTI lengths in different PUCCH groups are supported.

· For each combination above, define separate UE capability on the maximum number of DL CCs and UL CCs for sTTI operation
· FFS: Define separate UE capability per band/band combination
Agreement:
The maximum number of supported UL and DL sTTI carriers is the same as in 1 ms TTI operation.

Agreement:
· If UE is indicating the capability of and is configured with simultaneous transmission, it applies to both sPUSCH/sPUCCH and PUSCH/PUCCH.
Agreement:
· Cross-carrier scheduling is not supported for sTTI
Agreement:
· In case of switching from 1ms PDSCH scheduled within TTIs n-WDL to n-1(i.e. including all CCs) to an sPDSCH in TTI/subframe n (i.e. including all CCs):

· Whether the UE skips processing PDSCH(s) is up to the UE implementation.
· In case UE skips PDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.
· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time. The UE indicates a separate capability per DL sTTI length.
· The UE should attempt to skip the processing of as small number of PDSCH(s) as possible.

· In case of switching from the reception of PUSCH grants within TTIs n-WUL to n-1 (i.e. including all CCs) to the sPUSCH grant in TTI/subframe n (i.e. including all CCs):

· Whether the UE skips processing/transmission of PUSCH(s) is up to the UE implementation. 

· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued PUSCH grant(s)

· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1ms TTI UL scheduling time. The UE indicates a separate capability per UL sTTI length.
· The UE should attempt to skip the processing/transmission of as small number of PUSCH(s) as possible.
Agreement:
Support HARQ process sharing between TTI and sTTI

· The sharing is only possible for asynchronous HARQ processes, i.e. not supported for legacy processing time synchrounous UL HARQ processes
· If configured with sTTI on a CC:

· the HARQ ID field size in the DL assignments of PDSCH on USS for legacy and reduced processing time is the same as for sPDSCH assignments 

· the HARQ ID field size in the UL grants on USS for reduced processing time is the same as for sPUSCH grants

· The re-transmission of a TB with another (s)TTI length is possible if:
· The number of codewords of the HARQ process is not larger than supported by the respective sTTI length
· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.
· FFS other restrictions


It was agreed to share HARQ process between 1ms TTI and short TTI. Under the assumption of n+6 and n+8 HARQ-timing for 2/3OS sTTI, 16 HARQ processes can be adopted. For slot sTTI, 8 HARQ processes for FDD can be assumed.
Proposal 1: For 2/3OS sTTI configured UEs, 16 HARQ processes are used.

Proposal 2: For slot sTTI configured UEs, the same number of HARQ processes is used as the legacy LTE UEs.
Since the number of HARQ processes for sTTI operations is increased and HARQ processes are shared between 1ms TTI and sTTI, a UE supporting 2/3 sTTI should reserve more memory for soft buffer overbooking. In LTE, how to perform rate matching and UE soft buffer size are related with each other as below.
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In the above equation, NIR affects rate matching buffer, Nsoft is a soft buffer size of a UE, which is defined in a UE category. KC is a parameter related to LBRM (limited buffer rate matching) and the number of CCs. KMIMO is 1 or 2. MDL_HARQ denotes the number of maximum HARQ processes. Mlimit is a constant of 8. Since the size of TBS for sTTI would be much smaller than that of 1ms TTI, we can use a smaller value of NIR for DL sTTI operations. Therefore, NIR can be re-defined for sPDSCH transmission. By using the smaller value of NIR, a UE can reduce the size of memory for overbooking in soft buffer management.
Proposal 3: For 2/3OS sTTI configured UEs, different size of transmit buffer compared to PDSCH is used for rate matching of sPDSCH, i.e., a smaller value of NIR is used for sPDSCH rate matching.
Suppose that the initial transmission is done with 1ms TTI and its retransmission is done with sTTI. Then, the UE needs to process the TBS designed to 1ms TTI, which is typically larger than that of sTTI case. This will requires the UE spend more time for processing. Therefore, TBS size should be restricted to support retransmission with sTTI of DL data which was initially transmitted with 1ms TTI.

Proposal 4: The re-transmission of a TB with sTTI length is possible if the TB size of a codeword is not larger than the maximum TBS defined for sTTI operations.
3 Conclusions
In this contribution, the aspects of dynamic switching are discussed. It can be summarized as below. 
Proposal 1: For 2/3OS sTTI configured UEs, 16 HARQ processes are used.
Proposal 2: For slot sTTI configured UEs, the same number of HARQ processes is used as the legacy LTE UEs.
Proposal 3: For 2/3OS sTTI configured UEs, different size of transmit buffer compared to PDSCH is used for rate matching of sPDSCH, i.e., a smaller value of NIR is used for sPDSCH rate matching.
Proposal 4: The re-transmission of a TB with sTTI length is possible if the TB size of a codeword is not larger than the maximum TBS defined for sTTI operations.
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