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1. Introduction

In RAN1#86 meeting [1], followings are agreed for shortened processing time with shortened TTI:

	Agreement:

· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .

· QPSK is used for sPDCCH.

· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 
Agreement:
· For frame structure type 1, the following principles on short TTI length shall be supported:

· The length of sPUCCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH

· The length of sPUSCH is the same or longer than the length of the DL sTTI carrying the associated UL grant

· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE

· FFS on specific TTI length combinations between DL and UL including possible down-selection of combinations

· FFS whether to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI for FS1 and FS2

Agreement:
· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB

· FFS how to indicate UL DMRS position

· FFS whether or not to support fixed UL DMRS position

· For 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported

· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot

Agreement:
· The DL sTTI length of a UE is indicated by eNB

· FFS details of configuration (based on RRC or PDCCH)


In RAN#73 meeting [2], it is agreed to update the scope and timeline of shortened TTI and processing time for LTE as follows: 
	· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1


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. Meanwhile, some portion of processing time will not be scaled down even though TTI length decreases. Especially, high layer operation such as DCI contents interpretation, HARQ-ACK decision and/or UL-SCH preparation [4] needs to be investigated how much time is needed for the processing. In this stage, considering theses non-scalable parts of processing time, it is unclear that the processing time of n+8 is feasible for 2OS sTTI when maximum TA targeting 50km cell radius is used. 
Proposal 1: It is necessary to investigate or check how much the processing time for high layer operation is needed. 

Proposal 2: In case of 2OS sTTI, it is necessary to support the maximum TA less than 0.33ms considering UPT/latency gain, and overall processing time with non-scalable parts. 
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. 
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 considered as a baseline not to support parallel processing for the same procedure across different TTIs. 

Proposal 4: If parallel processing is not assumed, the processing time of each procedure (e.g. channel estimation, decoding, and encoding) needs to be 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 detection/decoding
Depending on 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. In our view, in case of 2OS sTTI, it is necessary to support BD reduction scheme to have processing time for sPDCCH detection/decoding less than or equal to 1 TTI length. 
Proposal 6: It is necessary to reduce BD attempts for each sTTI at least when the TTI length is set to be 2 OFDM symbols. 
· Transport block size/Layer/PRB
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. In a similar manner, it can be considered to restrict the maximum number of layers and/or PRBs to save the processing time for FFT, channel estimation, and/or decoding. 
Alternatively, rather than restricting maximum values on TBS, layers, and PRBs, it can be considered that scheduler selects suitable values on TBS, layers, and PRBs considering processing time to be used. In this case, UE may need to report capability signaling related to the processing time. Furthermore, it is necessary to define how to handle the case where the scheduled TBS/layers/PRBs are not accommodated during the given processing time. 
Proposal 7: It can be considered that maximum or scheduled TBS size, the number of layers, and/or the number of PRBs for shortened processing time with shortened TTI length is determined considering the processing time.
2.3. Multiple DCI detection

It is discussed that for a certain case, UE may need to detect/decode both PDCCH and sPDCCH for a single sPDSCH. For instance, it might be considered that sDCI on PDCCH indicates PRB region to be used for sPDCCH and/or sPDSCH mapping. In other words, sPDCCH and/or sPDSCH decoding can start after PDCCH is detected and its contents are interpreted at high layer. Therefore, in case of some portion of sTTI in the beginning of a subframe, the processing time budget will not be sufficient. In that point of view, it is preferred to support the case where sPDCCH and/or sPDSCH are independent on PDCCH detection (so called single-level DCI approach) at least in the same subframe. If this kind of two-step mechanism (so called two-level DCI approach) is supported for shortened TTI operation, it can be considered that the sTTI configuration is signalled in advance (e.g. in the previous subframe). 
Considering non-unicast PDSCH reception and dynamic switching between PDSCH and sPDSCH, UE still need to detect PDCCH as well as sPDCCH. If it is assumed that sPDCCH does not need to detect PDCCH in the same subframe, UE can start sPDCCH detection even though PDCCH detection is not finished to improve latency for sPDCCH detection. 
Proposal 8: It is necessary to investigate the processing time when UE needs to detect multiple DCI (e.g. PDCCH and sPDCCH) for shortened TTI operation. 

3. Conclusions

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

Proposal 1: It is necessary to investigate or check how much the processing time for high layer operation is needed. 

Proposal 2: In case of 2OS sTTI, it is necessary to support the maximum TA less than 0.33ms considering UPT/latency gain, and overall processing time with non-scalable parts. 

Proposal 3: It is considered as a baseline not to support parallel processing for the same procedure across different TTIs. 

Proposal 4: If parallel processing is not assumed, the processing time of each procedure (e.g. channel estimation, decoding, and encoding) needs to be 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 is necessary to reduce BD attempts for each sTTI at least when the TTI length is set to be 2 OFDM symbols. 
Proposal 7: It can be considered that maximum or scheduled TBS size, the number of layers, and/or the number of PRBs for shortened processing time with shortened TTI length is determined considering the processing time.
Proposal 8: It is necessary to investigate the processing time when UE needs to detect multiple DCI (e.g. PDCCH and sPDCCH) for shortened TTI operation. 
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