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Discussion and decision
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 related to interaction between different TTI lengths.
2 Discussions 
The agreements in RAN1#90bis and by email approval can be seen in Annex.
Stopping/dropping of PUSCH


This is a similar issue of eMBB and URLLC multiplexing in NR. When PUSCH is scheduled, sPUSCH can be scheduled to be transmitted in the same subframe. In this case, if only a part of SC-FDMA symbols scheduled for PUSCH is used for sPUSCH and the other symbols are used for PUSCH as planned, it becomes like puncturing of PUSCH by sPUSCH. If there is a recovery mechanism such as pre-emption indication and codeblock-group based retransmission that are discussed in NR, such a puncturing of PUSCH by sPUSCH may be beneficial to improve throughput performance. However, in LTE having smaller TBS and system bandwidth than NR, a recovery mechanism may not be very crucial. Therefore, it is preferred that the UE shall drop the PUSCH scheduled in the same subframe where sPUSCH is scheduled. The timing of dropping can be up to UE implementation, i.e., the UE shall attempt to drop/stop as soon as possible when collision happens. 


Especially, in case of collision between PUSCH and sPUCCH in the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH, and the UE shall not resume the dropped/stopped transmission.
Proposal 1: The UE shall attempt to drop/stop as soon as possible when collision happens.

Number of HARQ processes and transmit buffer managements
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 2: For 2/3OS sTTI configured UEs, 16 HARQ processes are used.

Proposal 3: 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 4: 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.
TBS restriction
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 5: 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: The UE shall attempt to drop/stop as soon as possible when collision happens.
Proposal 2: For 2/3OS sTTI configured UEs, 16 HARQ processes are used.
Proposal 3: For slot sTTI configured UEs, the same number of HARQ processes is used as the legacy LTE UEs.
Proposal 4: 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 5: 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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4 Annex
Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

- The feedback on sPUSCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Agreement:
When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUSCH before mapping onto sPUSCH is supported.
- For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied

- FFS other bundling
Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUCCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUCCH before mapping onto sPUSCH is supported.

- For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied

- FFS other bundling
Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

- The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and 2/3-OS sPUCCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUCCH before mapping onto 2/3-OS sPUCCH is always applied.
- FFS other bundling
Agreements (by email approval) 

· If a UE is not configured with simultaneous transmission of PUSCH and PUCCH, and if more than two three UL channels are collided within the same subframe on a given carrier, collision handling between two UL channels of same TTI length is first applied, followed by collision handling of two UL channels of different TTI length.

· PHR can be transmitted via either sPUSCH or PUSCH on a serving cell configured with sTTI operation.
· In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier, CSI of PUCCH is dropped.
· When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, HARQ and sHARQ bits are determined independently
· If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH, PUCCH, and sPUSCH are collided within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and PUCCH, and shall transmit sPUSCH. The UE shall not resume the dropped/stopped transmission. 

· HARQ-ACK of PDSCH is transmitted on sPUSCH
· CSI on PUSCH or PUCCH is dropped
· If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH is collided with sPUSCH and sPUCCH of the same sTTI within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH, and shall transmit sPUSCH and sPUCCH. The UE shall not resume the dropped/stopped transmission. 

· HARQ-ACK of PDSCH is transmitted on sPUCCH
· CSI on PUSCH is dropped
· If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUCCH is collided with sPUSCH and sPUCCH of the same sTTI within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUCCH, and shall transmit sPUSCH and sPUCCH. The UE shall not resume the dropped/stopped transmission. 

· HARQ-ACK of PDSCH is transmitted on sPUCCH
· CSI on PUCCH is dropped
· If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH and PUCCH are collided with sPUSCH and sPUCCH of the same sTTI within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and PUCCH, and shall transmit sPUSCH and sPUCCH. The UE shall not resume the dropped/stopped transmission. 

· HARQ-ACK of PDSCH is transmitted on sPUCCH
· CSI on PUSCH or PUCCH is dropped
· If a UE is not configured with simultaneous transmission of PUSCH and PUCCH, the UE is not expected to transmit sPUCCH and only DMRS of sPUSCH simultaneously within the same sTTI (i.e., within sTTI#n+1 in case { DD | R } is indicated for sTTI#n and sTTI#n+1 respectively
· Regarding UE behaviour in case simultaneous transmission of the same TTI lengths across different carriers and the UE is power-limited, reuse the legacy power allocation principles captured in 3GPP TS 36.213, subclause 5.1. 
· If transmitting PHR on sPUSCH is supported, both type 1 and type 2 PHR are supported.
· The calculation of PHR for sTTI follows the same principle as the PHR equation for 1ms TTI 
· PH for a sTTI and a given carrier = {Maximum allowed power – Estimated power for sPUSCH} for type 1 PHR
· PH for a sTTI and a given carrier = {Maximum allowed power – Estimated power for sPUSCH and sPUCCH} for type 2 PHR
· For sPUSCH power control, and for FDD, K_PUSCH = 4 when the UL sTTI length is slot, and K_PUSCH = X_P when the UL sTTI length is subslot, where X_P is the processing time configured by higher-layer signaling.
· For sPUSCH power control, and for TDD, K_PUSCH is given according to the timing between UL grant and sPUSCH (depending on TDD UL/DL configuration and special subframe configuration).
· For sPUSCH power control, both TPC accumulation and TPC non-accumulation modes for closed-loop power adjustment are supported. 
· FFS on whether to reuse the parameter “Accumulation-enabled” for 1ms TTI operation in order to indicate the mode for closed-loop power adjustment of sPUSCH.
· For sPUCCH power control, and for FDD, M=1. k_m = 4 when the DL sTTI length is slot, and k_m = X_P when the DL sTTI length is subslot, where X_P is the processing time configured by higher-layer signaling.
· For sPUCCH power control, and for TDD, M and k_m are given according to the timing between sPDSCH and the corresponding HARQ-ACK (depending on TDD UL/DL configuration and special subframe configuration).
· The delta-F for sPUCCH format 1 is supported only for slot-sPUCCH. 

· FFS on candidate values of delta-F for slot-sPUCCH format 1
· If a UE is (re)configured with sTTI operation for a serving cell, the initial value of fc(*) for a serving cell c is determined as zero, and the UE shall reset accumulation, regardless of whether P_0_UE_PUSCH,c is changed or not.
· If a UE is (re)configured with sTTI operation for the primary cell, the initial value of g(*) for the primary cell is determined as zero, and the UE shall reset accumulation, regardless of whether P_0_UE_PUCCH is changed or not.
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