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1. Introduction

According to WID for shortened TTI and processing time for LTE [1], the detailed objectives for shortened TTI operation are as follows:
	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)
Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.


In RAN1#85 meeting [2], following are agreed for processing time reduction in latency reduction SI: 
	Agreements:

· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length

· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths
· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced
· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded


In this contribution, we discuss several aspects of processing time when shortened TTI is applied to existing LTE systems. 

2. Discussion
2.1. Timing adjustment

According to Rel-13 latency reduction SI conclusion [3], it is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13. It is motivated by the observation that UPT/latency gain of shortened TTI length is achievable when TCP ACK delay and HARQ process RTT is small enough.
Proposal 1: It can be considered that the maximum TA value can be different across different TTI length as baseline. FFS on details.
For instance, the maximum TA value can be linearly scalable with TTI length. It can be considered to further reduce the maximum TA value to have additional processing margin if necessary. Once maximum TA per short TTI length is defined, it is also necessary to determine UE behaviour in case a UE is configured with larger TA value than the maximum. One simple approach is to allow the UE to drop short TTI uplink transmissions in such cases. 
Proposal 2: When TA value exceeds from the configured maximum TA value for a given TTI length, it can be considered that UE drops short TTI uplink transmission. 
2.2. Parallel processing across different TTIs
During the data processing for UL grant to UL data and/or DL data to HARQ-ACK feedback, multiple procedures such as channel estimation, sPDCCH/sPDSCH decoding can be performed. Considering the case where a single UE is scheduled with multiple consecutive TTIs, it is necessary to clarify the assumption for the parallel processing for the same procedure across different TTIs. For instance, if a UE is implemented to have a single turbo decoder, it is not preferred that time durations for turbo decoding across different TTIs are overlapped each other. 

To allow parallel processing between consecutive TTIs, UE complexity may need to be increased. Considering UE complexity for shortened processing time, it would be better that the same procedure is not overlapped across different TTIs. If a certain procedure needs to have processing time more than 1 TTI length, it may need to perform parallel processing across different TTIs. Alternatively, the waiting time between two TTIs can be considered to avoid parallel processing, but it would increase latency, or restrict peak data rate or scheduling. 
Proposal 3: It is necessary to investigate whether or not to support parallel processing time for the same procedure across different TTIs considering UE complexity and potential restriction on latency or scheduling. 

Proposal 4: If parallel processing is not introduced (additionally for shortened processing time), it can be considered that the processing time of each procedure (e.g. channel estimation, decoding, and encoding) is no more than 1 TTI length.
· Channel estimation
It is necessary to clarify whether channel estimation for sPDSCH and sPDCCH across different TTI can be performed in parallel or not. Especially for 2OS-TTI length, the time duration for channel estimation for sPDSCH in TTI#n can be overlapped with the time duration for channel estimation for sPDCCH in TTI#n+1. Depending on the assumption for channel estimation, DMRS design and overall processing time can be changed. 
Proposal 5: It is necessary to clarify whether channel estimation for sPDSCH and sPDCCH across different TTIs can be performed in parallel. 
· sPDCCH
Depending on TTI length (e.g. 2OS TTI length), processing time for sPDDCH detection/decoding can be larger than 1 TTI length. In this case, it can be considered that the number of BD attempts for sPDDCH can be further reduced. 
· Transport block size
Since the overall number of REs for data mapping will be reduced as the TTI length decreases, TBS can be reduced compared to existing LTE system (normal processing time with 1ms TTI). If the processing time for decoding or encoding is more than 1 TTI length, it may need to further reduce TBS for processing time reduction.
Proposal 6: It can be considered that maximum TBS size for shortened processing time with shortened TTI length is determined considering the number of REs within a single TTI and processing time.
3. Conclusions

In this contribution, we discussed several aspects for processing time for shortened TTI. Followings are our proposals and observation:  

Proposal 1: It can be considered that the maximum TA value can be different across different TTI length as baseline. FFS on details.
Proposal 2: When TA value exceeds from the configured maximum TA value for a given TTI length, it can be considered that UE drops short TTI uplink transmission. 
Proposal 3: It is necessary to investigate whether or not to support parallel processing time for the same procedure across different TTIs considering UE complexity and potential restriction on latency or scheduling. 

Proposal 4: If parallel processing is not introduced (additionally for shortened processing time), it can be considered that the processing time of each procedure (e.g. channel estimation, decoding, and encoding) is no more than 1 TTI length.
Proposal 5: It is necessary to clarify whether channel estimation for sPDSCH and sPDCCH across different TTIs can be performed in parallel. 
Proposal 6: It can be considered that maximum TBS size for shortened processing time with shortened TTI length is determined considering the number of REs within a single TTI and processing time.
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