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1. Introduction

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

· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Details FFS

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.

Agreement:

· Reduced processing time(s) are RRC configured for the UE

· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported

· Details FFS

· Working assumption can be revisited if it is not found to be feasible 

Agreement:

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation


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 continue to discuss several aspects of shortened processing time for 1ms TTI including details on maximum TA, and fallback operation. 

2. Discussion
2.1. Fallback mechanism for shortened processing time with 1ms TTI
2.1.1. DL data to DL HARQ feedback
According to the agreement in SI [3], it is agreed not to modify PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures. It means that DL data scrambled by SI-RNTI, P-RNTI, RA-RNTI, and Temporary C-RNTI will not use shortened processing time even for 1ms TTI. These channels are also associated with common search space. In a similar manner, at least DCI mapped on CSS can be used to support fallback operation. In this case, even if shortened processing time for 1ms TTI is configured by eNB, and PDCCH/PDSCH are scrambled by C-RNTI, its processing time will be at least n+4 rather than n+3. 
In case of DCI format 1A mapped on USS, it is necessary to define which processing time will be used considering benefits and specification impact. DCI format 1A can be used for compact scheduling of PDSCH with transmit diversity scheme for 1 TB. Considering reconfiguration other than processing time change, it would be beneficial that DCI format 1A on USS assumes shortened processing time rather than legacy processing time. For instance, if eNB changes TM or TM-dependent parameters, eNB can still schedule PDSCH with shortened processing time by using DCI format 1A mapped on USS. Only if configuration related to processing time and/or shortened TTI, it can be considered to use DCI mapped on CSS for PDSCH scheduling. 
Proposal 1: Shortened processing time can be applied to DL data to DL HARQ feedback timing when its associated DCI is mapped on USS. If DCI on CSS schedules unicast PDSCH, the legacy processing time is used. 
2.1.2. UL grant to UL data
In a similar manner with DL data to DL HARQ feedback timing, the fallback operation for shortened processing time for 1ms TTI can be performed by using DCI format 0 mapped on CSS for UL transmission. In other words, even if shortened processing time for 1ms TTI is configured by eNB, UL grant on CSS schedules PUSCH with legacy processing time while UL grant on USS can use shortened processing time. 
In case of UL HARQ process, it is agreed that PHICH-less asynchronous HARQ for UL is used for shortened processing time for 1ms TTI. In this time, it is necessary to determine which type of UL HARQ process is supported for fallbcak operation for UL transmission. Due to the backward compatibility, DCI format 0 mapped on CSS will not have both RV and UL HARQ process number field. Therefore, to support asynchronous UL HARQ process for UL grant on CSS, it needs to have default setting on RV and/or UL HARQ process number. Alternatively, synchronous UL HARQ process can be used in case of UL grant on CSS and its processing time is not shortened. 
Proposal 2: Shortened processing time can be applied to UL grant to UL data timing when its associated DCI is mapped on USS. If DCI on CSS schedules unicast PUSCH, the legacy processing time is used.

Proposal 3: When PUSCH is scheduled by DCI on CSS, synchronous HARQ process is used. 

From our perspective, DCI structure for fallback operation shall be independent on the configuration of shortened processing time operation. If not, it can still have misalignment between UE and eNB for about when the new DCI field is added. Alternatively, it seems that Rel-14 DCI would have always new DCI field even though shortened processing time operation is not configured. Or, the number of BD attempts for UE configured with shortened processing time will increase to detect both DCI with new field and DCI without new field. The main motivation of fallback operation is to avoid ambiguity between UE and eNB, but not a support of dynamic switching of processing time. Furthermore, when PDSCH is scheduled by DCI on CSS, the number of TB is limited to 1. In those points of view, additional approach to support fallback operation would not be needed. In addition, regarding the working assumption, there is no feasibility issues on fallback operation, therefore, we propose to confirm working assumption made in RAN1#86. 
Proposal 4: Confirm the working assumption for fallback operation. No additional approach except for CSS-based approach is not introduced for fallback operation. 
2.2. PDSCH/PUSCH scheduled by 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. Considering processing time, when PDSCH/PUSCH is scheduled by EPDCCH, it can be considered that the legacy processing time is used. 

Proposal 5: When EPDCCH schedules PDSCH or PUSCH, its processing time is not shortened. 

2.3. Timing adjustment

In our view, the timing difference for starting PDSCH decoding between shortened processing time (e.g. n+3) with PDCCH and normal processing time (e.g. n+4) with EPDCCH will be within few symbols (e.g. at most 4~5 symbols) considering channel estimation for (E)PDCCH, BD attempts, and interpreting DCI contents. In that point of view, for shortened processing time of n+3 with PDCCH scheduling, the maximum TA of 0.33ms can be a baseline. However, depending on the hardware implementation, it is necessary to have smaller value of maximum TA. For instance, it is not always guaranteed that the processing margin is placed in the end of the overall processing and can be changed in order. In this case, the most simplest way is to reduce overall processing time would be to reduce the maximum TA value. 
Proposal 6: It can be considered to reduce the maximum TA for shortened processing time for 1ms TTI to be at most 0.33ms. Further reduction needs to be considered to cover various cases of the hardware implementation. 
2.4. New HARQ ID and RV for asynchronous UL HARQ process
To support asynchronous UL HARQ process, it is necessary to define how to indicate and determine HARQ process number and RV. First of all, HARQ process number field will be defined per PDCCH regardless of the number of TB as in DL HARQ process. Considering maximum UL HARQ process number with the shortened processing time, it seems that 3-bit HARQ process number field is enough for both FS1 and FS2. 
Next, in case of RV field, DL HARQ process defines RV field for each TB. In a similar manner, RV field can be defined for each TB in asynchronous UL HARQ process. In this case, total 5 bits (3+2) will be added to DCI format 0, and total 7 bits (3+2+2) will be added to DCI format 4. Comparing DCI format 4B with maximum number of scheduled subfame=4, even though DCI format 4 have additional 7 bits, its overall size will be much smaller than that of DCI format 4B for FS3. For instance, for 10 MHz-system bandwidth, DCI format 4 with HARQ process ID and RV per TB will be 47 bits while DCI format 4B will be 58 bits. 
Proposal 7: For asynchronous UL HARQ process, 3-bit HARQ process ID field will be added to UL grant DCI regardless of the number of TB, and 2-bit RV field will be added to UL grant DCI for each TB. 
3. Conclusions

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

Proposal 1: Shortened processing time can be applied to DL data to DL HARQ feedback timing when its associated DCI is mapped on USS. If DCI on CSS schedules unicast PDSCH, the legacy processing time is used. 
Proposal 2: Shortened processing time can be applied to UL grant to UL data timing when its associated DCI is mapped on USS. If DCI on CSS schedules unicast PUSCH, the legacy processing time is used.

Proposal 3: When PUSCH is scheduled by DCI on CSS, synchronous HARQ process is used. 

Proposal 4: Confirm the working assumption for fallback operation. No additional approach except for CSS-based approach is not introduced for fallback operation. 
Proposal 5: When EPDCCH schedules PDSCH or PUSCH, its processing time is not shortened. 

Proposal 6: It can be considered to reduce the maximum TA for shortened processing time for 1ms TTI to be at most 0.33ms. Further reduction needs to be considered to cover various cases of the hardware implementation. 
Proposal 7: For asynchronous UL HARQ process, 3-bit HARQ process ID field will be added to UL grant DCI regardless of the number of TB, and 2-bit RV field will be added to UL grant DCI for each TB. 
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