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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 dynamic switching between 1ms TTI and sTTI operations, the following agreements were made in RAN1#89. 
	Working assumption:
In case of dynamic switching from PDSCH scheduling within subframes n-X to n-1 to sPDSCH scheduling in subframe n over a given carrier, if UE’s maximum processing capability is violated due to a need for decoding the sPDSCH received within a given subframe, a UE may stop processing the PDSCHs received during the past X subframes.

· The value of X is defined as a UE capability, and take a value between 0 to k-1, where k is the time between PDSCH reception and the associated feedback

· A UE should provide HARQ ACK/NAK feedback for the PDSCHs where processing has been stopped.

· FFS how maximum processing capability is defined



As sTTI scheduling can be dynamically switched from 1ms TTI and vice versa, it needs to be discussed how to manage with HARQ processes. In the following figure, two options for management of HARQ processes in sTTI operations. 
[image: image1.png]HARQ processes for 1ms TTI
(FDD)

HARQ processes for sTTI

(@) Independent HARQ processes for TTI length

HARQ processes
for both sTTI and 1ms TTI

(b) Shared HARQ processes among TTI lengths

4

N-1

4

N-1





Figure 1: Two options for management of HARQ processes in sTTI operations

The first issue is whether to support mixed use of 1ms TTI scheduling and sTTI scheduling for given data. That is, the initial transmission of a data is performed with sTTI and the retransmission of the data is performed with 1ms TTI. There is only 10% of initial transmission that the switching can be applied. 

Also, if the switching is allowed and HARQ processes are shared between sTTI and 1ms TTI as shown in Figure 1-(b), then the number of bits for HARQ process indication in legacy DCI should be increased, e.g., from 3 bits to 4 bits. In that case, the UE capable of sTTI operations monitors different size of legacy DCI’s according to configuration of sTTI operation. Then, there should be ambiguity period due to RRC (re)configuration of sTTI operation. This issue should be discussed in RAN1. 
Proposal 1: Consider DCI scheduling mechanism according to HARQ processes and throughput performance by allowing switching from sTTI to 1ms TTI for given data.
Soft buffer, UE category, HARQ processes and sTTI operations 


In RAN1#88bis, the following was agreed for soft channel bits and UE categories. 

	Agreement:
· The total number of soft channel bits is not increased if UE supports sTTI operations.
· i.e. no new UE category need to be specified for sTTI.
· Note that this does not preclude defining UE category in the future release in the sTTI operation



For FDD LTE, when 8 HARQ processes are operating in DL data transmission, the entire soft buffer is filled with DL data. Suppose that 1ms TTI and sTTI. Upon 1ms TTI, there are several options to operate sTTI transmission as below.
· Alt 1. Increase soft buffer size for sTTI operation upon the legacy soft buffer for 1ms TTI operation.

· Alt 2. Not increase soft buffer, but allocate new HARQ process number for sTTI operations.
· Alt 3. Increase soft buffer size and the number of HARQ processes, and share the HARQ processes for 1ms TTI and sTTI.
· Alt 4. Not increase soft buffer size, but increase the number of HARQ processes, and share the HARQ processes for 1ms TTI and sTTI.

Since the increase of soft buffer is not for free in UE implementation, Alt 1 and Alt 3 seem not proper for sTTI operation. This is also avoided by the agreement above in RAN1#88bis. In Alt 2, after flushing out some data transmitted with 1ms TTI among 8 HARQ processes, new data transmission with sTTI is allowed by using the remaining soft buffer. Alt 4 brings smaller bit size per HARQ process so that the maximum TBS per HARQ process with 1ms TTI is naturally restricted. Therefore, Alt 2 is preferred.
Proposal 2: Separate HARQ process numbers are allocated for 1ms TTI and sTTI operations. 
3 Conclusions
In this contribution, the aspects of dynamic switching are discussed. It can be summarized as below. 
Proposal 1: Consider DCI scheduling mechanism according to HARQ processes and throughput performance by allowing switching from sTTI to 1ms TTI for given data.
Proposal 2: Separate HARQ process numbers are allocated for 1ms TTI and sTTI operations.
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