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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. 
In RAN1 #87 meeting, the following agreements were achieved:
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH

· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

· No special consideration is specified for overlapping of sPDSCH and PDSCH

· Otherwise

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

In RAN1#84b meeting, it was agreed that

· it was recommended to support PHICH-less asynchronous UL HARQ for PUSCH scheduled in a short TTI (i.e. for sPUSCH).

Regarding the total number of soft channel bits, the following agreements were achieved in the RAN1 #88bis meeting: 

· 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
In this contribution, HARQ processes handling to support dynamic switching between 1ms TTI and sTTI are discussed. In addition, soft buffer size for 2-symbol sTTI is also discussed.
2 HARQ processes handling

For sPDSCH or sPUSCH, since the TTI length is shortened, it is necessary to scale 1ms TBS to fit sTTI transmission [2] [3]. That is to say, in many cases, TB sizes for 1ms and short TTI (especially for 2/3-symbol sTTI) can be very different. Therefore, for a HARQ process, it is beneficial that initial transmission and retransmission are transmitted with the same TTI length, which means operations in Figure 1 are not needed to be supported.
[image: image1.emf]
Figure 1. (a) sTTI to legacy TTI, (b) legacy TTI to sTTI
Proposal 1: For a DL/UL HARQ process, initial transmission and retransmission are transmitted with the same TTI length.
HARQ process number is decided based on RTT which includes processing time of both UE and eNB. In the study, it was agreed that n + 8 sTTI is the upper limit of UE processing time. Although the processing time for eNB is up to implementation, n + 8 sTTI can also be assumed as the upper limit for 2-symbol sTTI. Therefore, considering the potential maximum processing time, for FS1, the maximum number of HARQ processes for 2-symbol sTTI should be 16. For 1-slot sTTI, n+4 sTTI processing time for both eNB and UE is feasible [4], so the maximum number of HARQ processes can be 8.
Proposal 2: For FS1, the maximum number of DL/UL HARQ processes are
· -
16 for 2-symbol sTTI;

· -
8 for 1-slot sTTI.
The different aspects for UL and DL are discussed separately in the following.
1) DL HARQ process handling

According to the agreements in RAN1 #87 meeting, it is possible that PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI are scheduled in the same subframe for a given carrier. Then, for a UE, the PDSCH and sPDSCH in the same subframe should be transmitted in separate HARQ processes, and thus two HARQ processes configured for PDSCH and sPDSCH separately are necessary in the same subframe for a given carrier. 
There are three options for DL HARQ process handling:

· Option 1: Separate HARQ processes for 1ms TTI and short TTI

With this option, available HARQ processes for 1ms TTI and short TTI are different. In order not to impact 1ms peak data rate for a UE, for FS1, the number of supported HARQ processes for 1ms should be kept as eight. Therefore, for a sTTI-capable UE, 24 and 16 parallel DL HARQ processes are needed for 2-symbol sTTI and 1-slot sTTI respectively. Whether these 24 or 16 parallel DL HARQ processes belong to a HARQ entity or two HARQ entities can be decided in RAN2. 
On one hand, this option is simple and can guarantee peak data rates for 1ms TTI and sTTI as high as possible. On the other hand, although there are 24 or 16 HARQ processes, this option may not impact soft buffer so much. Considering that TBS for sTTI is shortened, additional HARQ processes for sTTI will not cause a very high soft buffer requirement. In addition, increased HARQ process number does not mean higher soft buffer. For example, for 1ms FS2, the maximum number of HARQ processes is 15, but the soft buffer requirement is still the same as that for 1ms FS1. 
· Option 2: Full sharing between HARQ processes for 1ms TTI and short TTI
With this option, available HARQ processes for 1ms TTI and short TTI are the same, which means 16 HARQ processes are also available for 1ms TTI. If more than 8 HARQ processes are configured for 1ms TTI, there may not be enough HARQ processes for a burst of latency sensitive packets, thus the peak data rate for sTTI will be decreased, especially for 2-symbol sTTI. 
In addition, to schedule all 16 HARQ processes, the DCI of 1ms TTI have to increase the HPN field to 4 bits, thus the payload size is increased. However, as UE also has to monitor 1A/0 for paging/system information, which has the legacy payload size, the number of blind decoding is increased.
· Option 3: Partial sharing between HARQ processes for 1ms TTI and short TTI
With this option, 16 HARQ processes are available for short TTI but part of 16 HARQ processes (e.g. 8 HARQ processes) can be configured to 1ms TTI. Compared to option 1, the peak data rate for 2-symbol sTTI may still be impacted. However, compared to option 2, the impact on peak data rate for sTTI is lower. Therefore, this option can be further studied. 
Proposal 3: For FS1, if a UE is configured with short TTI, consider following options for HARQ processes handling, where option 1 is considered as baseline.
· -
Option 1: Separate HARQ processes for 1ms TTI and short TTI

· -
Option 3: Partial sharing of the HARQ processes for 1ms TTI and short TTI
Assuming option 1 or option 3 is adopted, for FS1, 4 bits in sDCI can be used to indicate HARQ process number for 2-symbol sTTI and 3 bits in DCI can be used to indicate HARQ process number for 1ms TTI.

Proposal 4: For FS1, 4 bits in sDCI are used to indicate DL HARQ process number for 2-symbol sTTI and 3 bits in DCI are used to indicate DL HARQ process number for 1ms TTI.

For FS2, the number of supported DL HARQ processes and related indication bits for short TTI can be further studied. 
2) UL HARQ process handling
If sPUSCH and PUSCH can be scheduled in the same subframe for a given carrier, the PUSCH and sPUSCH in the same subframe should be transmitted in separate HARQ processes, and thus two HARQ processes configured for PUSCH and sPUSCH separately are necessary in the same subframe for a given carrier. Similar to DL, for a sTTI-capable UE, option 1 and option 3 can be further considered.
For UL short TTI, since asynchronous HARQ will be used, 4 bits in sDCI can be used to indicate HARQ process number for 2-symbol sTTI for FS1. For UL 1ms TTI, synchronous HARQ is configured typically, so HARQ process number is not indicated.
Proposal 5: For FS1, 4 bits in sDCI are used to indicate UL HARQ process number for 2-symbol sTTI.
For FS2, the number of supported UL HARQ processes and related indication bits for short TTI can be further studied.
3 Soft buffer size for sTTI
For 1ms TTI downlink transmission, the upper limit of soft buffer size for one HARQ process is calculated based on the supported maximum transport block size (TBS) with a code rate of 2/3 for all UE categories except for low cost categories, e.g., category 0 or 1. The reason of using code rate 2/3 is that for transmission of a transport block with the maximum TBS, normally the SNR is high enough to support peak code rate transmission and thus there is no need to buffer much redundant bits. Then less UE soft buffer size is required, hence UE cost is reduced. 
Following the same principle, the upper limit of soft buffer size for 2/3-symbol sTTI should be reduced compared to 1ms TTI, as the maximum TBS supported by 2/3-symbol sTTI would be scaled down compared to 1ms TTI. The reduced upper limit of soft buffer size for sTTI would be beneficial in sharing the total soft buffer size for one UE between PDSCH and sPDSCH, especially for the case that PDSCH and sPDSCH overlap in time domain. For simplicity, the upper limit of soft buffer size for 2-symbol sTTI could be determined with the upper limit of soft buffer size for 1ms TTI multiplied by a factor, e.g., 1/4, as shown below.
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Proposal 6: The upper limit of soft buffer size for 2-symbol sTTI should be reduced compared to 1ms TTI.
4 Conclusions
In this contribution, HARQ processes handling to support dynamic switching between 1ms TTI and sTTI are discussed, and the following proposals are made:
Proposal 1: For a DL/UL HARQ process, initial transmission and retransmission are transmitted with the same TTI length.

Proposal 2: For FS1, the maximum number of DL/UL HARQ processes are
· -
16 for 2-symbol sTTI;

· -
8 for 1-slot sTTI.
Proposal 3: For FS1, if a UE is configured with short TTI, consider following options for HARQ processes handling, where option 1 is considered as baseline.
· -
Option 1: Separate HARQ processes for 1ms TTI and short TTI

· -
Option 3: Partial sharing of the HARQ processes for 1ms TTI and short TTI
Proposal 4: For FS1, 4 bits in sDCI are used to indicate DL HARQ process number for 2-symbol sTTI and 3 bits in DCI are used to indicate DL HARQ process number for 1ms TTI.

Proposal 5: For FS1, 4 bits in sDCI are used to indicate UL HARQ process number for 2-symbol sTTI.

Proposal 6: The upper limit of soft buffer size for 2-symbol sTTI should be reduced compared to 1ms TTI.
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