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1. Introduction

According to WID for shortened TTI and processing time for LTE [1], the detailed objectives for legacy 1ms TTI operation are as follows:
	For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

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

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]


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 TTI for subframe-long TTI operation and short TTI capable UEs. 

· k = 4 is supported

· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this

· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded


In this contribution, we discuss several aspects of shortened processing time for 1ms TTI is applied to existing LTE systems. 

2. Discussion
2.1. Timing adjustment

Regarding existing LTE system, the maximum TA value is set to be 0.67ms to cover 100km cell radius. Considering UPT/latency gain, it would be better to reduce data processing time as much as possible even for 1ms TTI. To reduce the maximum TA value would affect only target cell radius rather than performance degradation such as reduction on peak data rates or channel estimation accuracy. In our view, the maximum TA value for shortened processing time for 1ms TTI is applied to the LTE system when shortened processing time operation is configured for 1ms TTI.
Proposal 1: It can be considered to reduce the maximum value of timing advance for shortened processing time for 1ms TTI. FFS on details. 

2.2. PDCCH and EPDCCH

Since DCI conveyed by PDCCH or EPDCCH will schedule PUSCH or PDSCH, decoding of PUSCH or PDSCH can start after its associated PDCCH or EPDCCH is successfully decoded. In general, the processing time for decoding PDCCH or EPDCCH would be important for the data processing time for DL data to DL HARQ-ACK feedback. Since EPDCCH would be multiplexed with its associated PDSCH in frequency domain, and its detection/decoding will start the end of the subframe, the overall data processing time can be lager compared to PDCCH. On the other hands, since PDCCH will be transmitted on small number of symbols (e.g. 2 or 3) in the beginning of the subframe, its detection/decoding could be completed before the end of the subframe. 
Proposal 2: It is necessary to investigate whether or how to support both EPDCCH and shortened processing time operation for 1ms TTI. 
In case of processing time reduction scheme for (E)PDCCH decoding, it may depends on UE implementation. For example, if UE assume that PDSCH decoding start after whole PDSCH REs are received, and if DCI detection/decoding is completed before the end of the subframe, processing reduction time scheme for DCI (e.g. BD reduction or simplified channel estimation) will not be needed. However, if PDSCH decoding can start in the middle of the subframe (for a received code-block decoding), and if its associated channel estimation for PDSCH can be completed before DCI detection/decoding, it can be considered to employ processing time reduction scheme for DCI detection/decoding. 
Proposal 3: It is necessary to investigate whether to support processing time reduction scheme for DCI detection/decoding. 
2.3. DMRS for PDSCH

The existing DMRS for PDSCH decoding can be mapped on the end of the subframe as shown in Figure 1 [3]. In this case, channel estimation for PDSCH decoding will start in the next subfrmae, and its associated PDSCH decoding will be postponed until the channel estimation is completed. For shortened processing time for 1ms TTI, it is necessary to modify channel estimation method for PDSCH. First of all, it can be considered to use only CRS-based PDSCH. However, it may restrict supportable TM. Alternatively, new DMRS pattern can be considered for the shortened processing time for 1ms TTI. For instance, DMRS pattern for slot-TTI PDSCH can be considered for new DMRS pattern. Another approach is that channel estimation assumes that some portion of DMRS (e.g. located on the end of subframe) is not used for channel estimation. It seems not preferred since its DMRS overhead is kept and its channel estimation accuracy will be worsened. 
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Figure 1: Mapping of UE-specific reference signals, antenna ports 7, 8, 9 and 10 (normal cyclic prefix)
Proposal 4: For shortened processing time reduction for 1ms TTI, following approach can be considered for PDSCH:
· Alternative 1: Only CRS-based PDSCH is assumed to be used. 

· Alternative 2: New DMRS pattern (e.g. DMRS pattern for slot TTI PDSCH) is applied to 1ms TTI PDSCH. 

· Alternative 3: In case of DMRS-based PDSCH, some portion of DMRS (e.g. located in the end of the subframe) is not used for channel estimation. 

2.4. Transport block size

It is questionable how much TB size needs to be reduced for shortened processing time for 1ms TTI. TBS restriction would be different depending on target data processing time (e.g. 2ms or 3ms), the assumptions on maximum TA value, DMRS for PDSCH, and the number of BD attempts for DCI detection. To decide TBS assumption for shortened processing time for 1ms TTI, it would be necessary to check the UPT/latency gain. According to the Rel-13 latency reduction SI, if the TBS for 1ms TTI is reduced to be the same with that of slot-TTI for shortened processing time between DL data and DL HARQ feedback (e.g. 3ms rather than 4ms), it is observed that the UPT/latency gain over existing LTE system (normal processing time for 1ms TTI) is marginal [4]. If UPT/latency gain for shortened processing time for 1ms TTI would not have remarkable gain, it would be better to enhance other procedure part to relax restriction on maximum TB size for a given data processing time. 
Proposal 5: It is necessary to investigate how much TBS needs to be reduced for shortened processing time for 1ms TTI considering other processing part (e.g. DCI detection, DMRS, and TA) and UPT/latency gain.
3. Conclusions

In this contribution, we discussed several aspects for shortened processing time for 1ms TTI. Followings are our proposals and observation:  

Proposal 1: It can be considered to reduce the maximum value of timing advance for shortened processing time for 1ms TTI. FFS on details. 

Proposal 2: It is necessary to investigate whether or how to support both EPDCCH and shortened processing time operation for 1ms TTI. 
Proposal 3: It is necessary to investigate whether to support processing time reduction scheme for DCI detection/decoding. 

Proposal 4: For shortened processing time reduction for 1ms TTI, following approach can be considered for PDSCH:
· Alternative 1: Only CRS-based PDSCH is assumed to be used. 

· Alternative 2: New DMRS pattern (e.g. DMRS pattern for slot TTI PDSCH) is applied to 1ms TTI PDSCH. 

· Alternative 3: In case of DMRS-based PDSCH, some portion of DMRS (e.g. located in the end of the subframe) is not used for channel estimation. 

Proposal 5: It is necessary to investigate how much TBS needs to be reduced for shortened processing time for 1ms TTI considering other processing part (e.g. DCI detection, DMRS, and TA) and UPT/latency gain.
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