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1 Introduction
A new WI was approved at RAN #72 to support shortened TTI and processing time for LTE [1]. One of the objectives is to specify and complete the support of a reduced minimum timing compared to legacy DL and UL operations: 

·  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 this contribution, we identify the major standardization aspects that need to be addressed to reduce minimum timing for DL and UL operations with legacy 1ms TTI.
2. Discussion
2.1 Processing time reduction
Processing time has been identified as one of the main components contributing to the total end-to-end delay for connected UEs. The processing time will have impact on both the time budget for DL HARQ feedback and PUSCH scheduling. The feasibility of the processing requirement relaxation is an implementation dependent issue and different implementations are made with different requirements and, thus, have different capabilities. A trade-off between implementation complexity and latency performance is required.
Proposal 1:  Whether a restriction on the maximum number of TBS receivable in a TTI is applied for reduced processing timing is signaled as a UE capability.
Convolutional turbo coding (CTC) is used for DL-SCH and UL-SCH encoding and the processing time is typically proportional to the TB size. It is generally possible to reduce the processing time by limiting the maximum TBS, which is essentially same as the shortened TTI (sTT). As an example, one or two maximum TB sizes can be defined corresponding to each repective reduced processing time. The UE dynamically determines DL HARQ timing and PUSCH timing based on the TBS scheduled by eNB. Alternatively, to provide more flexibility to the UE and utilize the full UE processing capability, the supported TB sizes associated with varied reduced processing time (e.g., 1ms or 2ms) can be signaled as part of the UE capability, e.g., by selecting TBS values from a fixed table. This allows for a simple operation without requiring extensive specification (other than RRC signaling) and UE testing.
Proposal 2: Support processing time reduction by limiting the maximum TBS for the legacy 1ms TTI. 
Proposal 3:  Introduce UE-specific signaling to indicate the respective maximum TBS for each reduced processing time.
2.2 PUCCH resource allocation  
Reduction in minimum timing implies that different PUCCH HARQ-ACK timing will be applied by a UE configured with this feature compared to UEs that are not. This creates a collision risk in the PUCCH resource mapping where two DL assignments point to the same PUCCH physical resource.  
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Figure 1: PUCCH resource collision issue for PUCCH format 1a/1b
The PUCCH resource allocation scheme for reduced processing time should maximize the commonality with exisiting solutions. This indicates that implicit resource allocation should be supported similarly as in previous releases. It is noted that when using PUCCH format 3 for HARQ-ACK feedback for reduced processing time with the new HARQ timeline, the existing resource allocation solution can be used as such. For PUCCH format 1a/1b, the collision issue, as depicited in FIG.1, between legacy UEs (i.e., scheduled by PDCCH #1) and UEs enabled with processing time reduction (i.e., scheduled by PDCCH #2) need, to be addressed. 
Proposal 4: Support PUCCH format 1a/1b implicit resource mapping for reduced processing time. 

The most straightforward way is to leave the collision problem to the scheduler. This would put some restriction on how to schedule the UEs with shortened HARQ-ACK feedback delay together with legacy UEs where some CCE combinations cannot be served as initial CCEs. Another effective way is to separate the PUCCH resource region, e.g., by configuring different 
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, which is same as for eIMTA operation. This option guarantees that no limitations occur at the scheduler and, hence, the design is simplified. 
Proposal 5: Allocate new PUCCH resources for PDSCHs with reduced processing time based on a starting PUCCH offset separately configured by higher layer signaling. 
2.3 PHICH resources 
The usage of PHICH based synchronous HARQ operation is beneficial for more efficient DL overhead management (compared with PDCCH or EPDCCH). The benefit is more pronounced when there are a large number of UL transmissions in a subframe. This property still holds for PUSCH transmissions with reduced processing time. 
In LTE, PHICH resources are determined based on the lowest assigned UL PRB index on a UL carrier and 3-bit DMRS cyclic shift (CS) associated with the PUSCH transmission. PHICH resource collision occurs when PUSCHs are scheduled with the same first PRB index in two subframes and the same DMRS cyclic shift. In our view, it can be up to the scheduler to avoid this collision through assignment of different CS to the UL DMRS of such transmission and no standard solution is required. 
On the other hand, more standardization effort can be expected to define PUSCH HARQ timelines for all combinations of TDD UL/DL configurations and processing time reduction values. It is necessary to study and understand the extent of the impact to standardization before abandoning the PHICH-based synchronous HARQ operation. If it is proven too complex to design new UL HARQ timelines for all UL/DL configurations, supporting the asynchronous HARQ operation only for reduced processing time can be further considered.  
Proposal 6: Discuss whether to support PHICH-based synchronous HARQ operation for PUSCH with reduced processing time. 
2.4 Other specification impact
The maximum number of DL HARQ processes may be different than those of legacy LTE due to the shortened processing time. In LTE, one HARQ process ID field (i.e., 3-bits for FDD, 4-bits for TDD) is included in the DL DCI formats to inform the UE about the HARQ process to use for soft combining. The potential impact on DCI format and HARQ soft buffer and rate matching operations should also be considered. 
Proposal 7: The impact on DL DCI format and soft buffer management due to different maximum number of DL HARQ processes needs to be studied. 
3. Conclusions
In this contribution, we discuss several open issues on reduced minimum timing for DL and UL operation with legacy 1ms TTI. In particular, we propose: 

Proposal 1:  Whether a restriction on the maximum number of TBS receivable in a TTI is applied for reduced processing timing is signaled as a UE capability.

Proposal 2: Support processing time reduction by limiting the maximum TBS for the legacy 1ms TTI. 

Proposal 3:  Introduce UE-specific signaling to indicate the respective maximum TBS for each reduced processing time.

Proposal 4: Support PUCCH format 1a/1b implicit resource mapping for reduced processing time. 

Proposal 5: Allocate new PUCCH resources for PDSCHs with reduced processing time based on a starting PUCCH offset separately configured by higher layer signaling. 
Proposal 6: Discuss whether to support PHICH-based synchronous HARQ operation for PUSCH with reduced processing time. 

Proposal 7: The impact on DL DCI format and soft buffer management due to different maximum number of DL HARQ processes needs to be studied. 
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