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1
Introduction
In RAN1 #87, the following has been agreed for dynamic switching between short-TTI and normal TTI for downlink transmission:
Agreements:
· 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 this contribution, we discuss on the HARQ aspects when dynamic switching between short-TTI and normal TTI is used.
2
Discussion
A UE supports a number of (e.g., 8) HARQ processes in each of the the UL and DL. The number of HARQ processes is used to determine the amount of memory (e.g., soft buffer memory) the UE needs to maintain to support transmissions and retransmissions. The maximum amount of memory a UE needs to maintain can be determined from the maximum TB size and the number of HARQ processes. The maximum TB size has been defined based on the TTI length, maximum number of layers for a codeword, the allowed modulation and coding schemes, etc.
The support of dynamic switching between a normal 1 ms TTI (nTTI) and an sTTI has been agreed for better sTTI resource configuration flexibility. Therefore, a means for handling the HARQ processes and HARQ buffers for the two TTI lengths is needed. One option is to have separate HARQ processes and HARQ buffers for each TTI length as shown in Figure 1. However, without reducing the number of HARQ processes, separate processes and buffers would likely result in an increase in the memory needed in the UE. For the example in Figure 1, memory would be needed for the 8 HARQ processes for nTTI plus the 8 HARQ processes for sTTI. This arrangement would be wasteful of memory, for example when one of the TTIs is used more frequently than the other TTI during a period of time.
Proposal-1: maximum soft buffer size for a UE should remain the same irrespective of the support of dynamic switching between nTTI and sTTI.

[image: image1.emf]nTTI

HARQ 0

nTTI

HARQ 1

nTTI1

HARQ2

nTTI

HARQ3

nTTI

HARQ 4

nTTI

HARQ 5

nTTI

HARQ 6

nTTI

HARQ 7

sTTI

HARQ 

0

sTTI

HARQ 

1

sTTI

HARQ 

2

sTTI

HARQ 

3

sTTI

HARQ 

4

sTTI

HARQ 

5

sTTI

HARQ 

6

sTTI

HARQ 

7


Figure 1. Example of separate HARQ processes/HARQ buffers for nTTI and sTTI.

Another option when using TTI switching is to reduce the number of HARQ processes supported for each TTI. In the example shown in Figure 2, sTTI is half the length of nTTI. In the example, the number of processes for the nTTI is reduced to 6 and the number of processes for the sTTI is configured to be 4 so the same memory can be used as for 8 nTTI HARQ processes. Reducing the number of processes may, however, delay new transmission due to retransmission since fewer buffers may be available for new data while old data is being retransmitted. Fixing or semi-statically configuring the number of HARQ processes or buffers per TTI length may result in inefficiencies, for example since sometimes one TTI may be used more than another.

[image: image2.emf]nTTI

HARQ 0

nTTI

HARQ 1

nTTI

HARQ2

nTTI

HARQ3

nTTI

HARQ 4

nTTI

HARQ 5

nTTI

HARQ 6

nTTI

HARQ 7

sTTI

HARQ 

0

sTTI

HARQ 

1

sTTI

HARQ 

2

sTTI

HARQ 

3

nTTI

HARQ 0

nTTI

HARQ 1

nTTI

HARQ2

nTTI

HARQ3

nTTI

HARQ 4

nTTI 

HARQ 5

a) Without sTTI 

b) With sTTI 


Figure 2. Example of separate HARQ processes/HARQ buffers for two TTI lengths.

Proposal-2: number of HARQ processes should remain the same for nTTI and sTTI irrespective of the use of dynamic switching between nTTI and sTTI.
A way to not increase the maximum soft buffer size while keeping the number of HARQ processes the same when using dynamic switching between nTTI and sTTI is to share the nTTI HARQ buffers with multiple sTTI HARQ buffers. An nTTI HARQ buffer can be used for nTTI data or sTTI data as shown in Figure 3. For nTTI scheduling, the HARQ process numbers could identify the nTTI process/buffer. For sTTI scheduling, the HARQ process number could identify the sTTI buffer which would be “linked” to a nTTI process/buffer number. A way to accomplish this would be to use a 4-bit HARQ process number (HPN) which supports the maximum of 8 HARQ processes for nTTI and the maximum of 16 for sTTI. The 3 MSBs would identify the nTTI HARQ process/buffer for both nTTI and sTTI scheduling; the LSB would identify the sTTI partition within the nTTI buffer.   
By sharing the buffer between the two TTI lengths, an eNB scheduler has the flexibility to choose any HARQ process number as far as the associated buffer is empty or can be released/flushed. Furthermore, if only one TTI length is used for a time duration, there is no limitation of HARQ processes/numbers (other than the maximum supported) which provides higher throughput performance.
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Figure 3. Example of sharing HARQ processes/HARQ buffers between nTTI and sTTI.

Therefore, we propose to support soft buffer sharing between nTTI and sTTI HARQ processes. Linkage between the HARQ processes sharing the same buffer should be defined so that an eNB scheduler has control over which buffer associated with one TTI length is flushed/overwritten when a new data indicator (NDI) is toggled (indicates new data) for a HARQ process associated with another TTI length.
Proposal-3: support soft buffer sharing between nTTI and sTTI HARQ processes with its associated linkage.
3
Conclusion
In this contribution, we discussed on the HARQ process when dynamic switching between nTTI and sTTI is used. Based on the discussion, we propose followings:
Proposal-1: maximum soft buffer size for a UE should remain the same irrespective of the support of dynamic switching between nTTI and sTTI
Proposal-2: number of HARQ processes should remain the same for nTTI and sTTI irrespective of the use of dynamic switching between nTTI and sTTI

Proposal-3: support soft buffer sharing between nTTI and sTTI HARQ processes with its associated linkage
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