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1 Introduction
The processing time and HARQ timelines for shortened TTI have been studied during the SI phase and the following was agreed and captured in the TR [1]: 

	Agreement: 

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


In addition to these principal agreements on HARQ operation, the following additional details decisions have been taken on dynamic switching for sTTI so as to provide sufficient scheduling flexibility [2]:

	Agreement: 

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH


In RAN1 #88bis meeting, the following agreement was further made [3]: 

	Agreement:

· The total number of soft channel bits is not increased if UE supports sTTI operations.

· i.e. no new UE category need to be specified for sTTI.
· Note that this does not preclude defining UE category in the future release in the sTTI operation


This contribution discusses the HARQ operations when conducting different TTIs switching and states our views.
2. Discussion
We see a clear benefit in minimizing the latency by supporting HARQ operations across normal TTI and sTTI when conducting switch between sTTI and TTI and therefore propose: 

Proposal 1: Support HARQ operations across normal TTI and sTTI for TTI switch.               

In the legacy LTE FDD system, up to 8 HARQ processes are available for the legacy n+4 HARQ timeline. The number of maximum HARQ processes at least for 2-symbol sTTI needs to be increased, e.g., to 12, considering the fact that keeping the n+4 timeline relative to 2-symbol sTTI is not feasible any more due to several TTI-length-indepenent processing delay components. Considering the different maximum HARQ process number for sTTI and normal TTI, one potential issue regarding HARQ operations across TTI and sTTI is how to avoid HARQ buffers loss when switching from sTTI to normal TTI after a TCP slowstart phase. As illustrated in FIG.1 below, the initial sPDSCH tranmsision with HPN #11 cannot be retransmitted using 1ms TTI before switching back to sTTI due to the 3-bit HPN field in DCI format in the legacy LTE FDD system.    
	
[image: image1]
Figure 1: HARQ buffer loss problem due to unequal number of HARQ processes between sTTI and 1ms 


Two general solutions extist to enable flexible switching and HARQ operation between sTTI and normal TTI: Either incease the soft buffer size or keep the soft buffer size unchanged and sharing it among different TTIs. We prefer the latter solution as the former option requires an additional soft buffer which would have a detrimental effect on UE cost and power consumption. To additionally address the identified problem of HARQ buffers loss, a simple way is to extend the HPN field from 3 to 4 bits for normal TTI so that HARQ processes can be fully shared for different TTIs to achieve efficient HARQ operation. 
Proposal 2: Extend the size of the HPN field in DCI formats of 1ms TTI to 4 bits when the sTTI operation is configured for a given UE.  
One possible solution for soft buffer memory partitioning is to divide the total available soft buffer into multiple parts for different TTIs in a fully non-overlapped manner. With a design of fully non-overlapped soft buffer partitions for different TTIs, some of the soft buffer memory is idle and wasted when the UE is operated with one respective TTI, e.g., sTTI in a period. If instead the soft buffer is divided based on the largest maximum HARQ process number of these TTIs, the full soft buffer is available in case the UE is configured or operated with only one TTI, i.e., either 1ms or sTTI. This increases the incremental redundancy gains and can improve system-wide data throughput. 
Proposal 3:  Consider to fully share the soft buffer and HARQ processes between sTTIs and 1ms TTI.         
3. Conclusions
In this contribution, we have provided our views on the HARQ processes handling and the soft buffer partitioning methods when UE is configured to receive in sTTI and normal TTI. Based on the discussions, we propose that the soft buffer is handled as follows: 
Proposal 1: Support HARQ operations cross normal TTI and sTTI for TTIs switch.               

Proposal 2: Extend the size of the HPN field in DCI formats of 1ms TTI to 4 bits when the sTTI operation is configured for a given UE.  
Proposal 3:  Consider to fully share the soft buffer and HARQ processes between sTTIs and 1ms TTI.         
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