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1 Introduction
In RAN1 #88b and RAN2 #97b, the following agreements were, respectively, reached:
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

Agreement:
· The unit for drx-RetransmissionTime and, drx-ULRetransmissionTimer counting is same as the HARQ RTT time expiry that starts the retransmission time, i.e. depending on the TTI length of the TB that is under retransmission.

Also, in RAN1 #87, it was agreed that:
Agreement:
· 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.

Then, in RAN1 #88b, it is concluded that:

Conclusion:
· Regardless of the UE’s capability of decoding PDSCH and sPDSCH or encoding PUSCH and sPUSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier, to enable efficient UE implementation (i.e. not requiring unnecessarily high decoding/encoding capabilities), some solutions or restrictions are needed for the case of dynamic switching from PDSCH scheduling to sPDSCH scheduling and PUSCH scheduling to sPUSCH scheduling to guarantee that a UE’s maximum processing capability is not violated at any given time. 
· No solutions or restrictions are seen as needed for continuous sPDSCH and for continuous sPUSCH only scheduling.
· No solutions or restrictions are seen as needed for continuous PDSCH and for continuous PUSCH only scheduling. 
· FFS: Whether any solutions or restrictions are needed for the case of dynamic switching from sPDSCH to PDSCH and sPUSCH to PUSCH.
· FFS: Whether the proposed solutions or restrictions have specification impact.
  
In this contribution paper, we present HARQ management scheme across different TTI lengths, and discuss some solutions to the conclusion summarized above.
2	HARQ Process Management under 1ms and sTTI Operations
[bookmark: prop_e][bookmark: _GoBack]In general, it is not preferred to allow for sharing HARQ processes across different TTI lengths, i.e., the TTI length chosen for the initial transmission should also be used for the possible re-transmissions. The reasons for this could be as follows: (1) there is no use case for going from a 1ms TTI to an sTTI. The 1ms TTI length is selected at time of the first transmission based on the latency requirements and buffer size. This does not change during the cycle of retransmissions. (2) although moving from an sTTI for the initial transmission to a 1ms TTI for retransmission may enhance the coverage, a larger number of retransmission opportunities can be achieved if sTTI is adopted for retransmissions as well. This could provide a better reliability than switching to a larger TTI length. (3) HARQ process sharing in the UL is much more challenging than in the DL since 1ms UL is synchronous, whereas the sTTI UL is agreed to be asynchronous. (4) As mentioned in Section 1, the unit for drx-RetransmissionTime counting is the same as the HARQ RTT time expiry that starts the retransmission time, i.e. depending on the TTI length of the TB that is under retransmission. Now, if the 1st transmission is based on the sTTI, a UE will wait for drx-RetransmissionTime sTTIs before going to sleep. Meanwhile, if the eNB has decided to switch to 1ms TTI for re-transmission, it may happen that a UE is already in the sleep mode when the re-transmission is sent. In general, when DRX mode is adopted, changing the TTI lengths across the initial transmission and re-transmissions is not reasonable. Hence, we have:
Proposal 1: HARQ process sharing across different TTI lengths is not supported.
3	Dynamic Scheduling of 1ms TTI and sTTI
As mentioned in Section 1, in RAN1 #87, it was decided to define the UE behaviour in terms of decoding the 1ms and sTTI traffics based on the UE capability. When scheduled over a subframe of a given carrier, if a UE is capable, then it must decode both unicast PSDCH and sPSDCH. Otherwise, the UE is not required to decode the unicast PDSCH. 
From the UE implementation point of view, the processing of a unicast PDSCH received in subframe  is completed during the next few subframes. For this reason, the received subframes should be properly pipelined and processed so that each received PDSCH can meet its HARQ timeline. Further, it is guaranteed that at each given time, the rate of the data being processed at the UE and/or the number of RBs that can be handled at a UE are within the UE’s defined limits. Hence, each PDSCH can be sent with the maximum allowable MCS and RB allocation for a given user. An illustrative example is shown in the figure below for 1ms PDSCH with  HARQ processing timing. 
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When the sTTI operation is allowed, handling the processing of two unicast PDSCHs with different TTI lengths becomes a challenging task. In particular, the sTTI operation has a tight turnaround time; the sPDSCH processing should be started as soon as possible, and cannot be pipelined similar to the 1ms PDSCHs. An illustrative example is shown in the figure below for a UE that is capable of decoding both PDSCH and sPDSCH in the same subframe and over the same cell.




PDSCH
Processing window 













In this example, consider a maximum TBS and/or RB allocation for 1ms PDSCH over subframes  and . A UE receives both PDSCH and sPDSCH over subframe  and needs to decode both. However, assume that the processing of the sTTI overlaps with the processing of PDSCH sent in subframe . Unless a UE has a double capability to handle both sPDSCH and PDSCH separately, it cannot decode both PDSCH and sPDSCH.
Next, consider the case where a UE is not capable of decoding both sTTI and 1ms TTI sent in subframe . According to the agreement, it is required to decode sTTI and discard the PDSCH. However, similar to the case shown above, since the sTTI processing may collide with the PDSCH processing sent earlier, even sTTI decoding alone cannot be done.
One plausible solution for this issue is to define an exclusion window of length Xms. Then, if an sTTI is scheduled over subframe , the processing of all PDSCHs within the window will be discontinued. One issue with this solution is that it may degrade the 1ms LTE performance. However, it should be noted that switching from 1ms TTI to sTTI is not expected to happen so often. Further, to tackle this issue, the length of the exclusion window could be a UE capability. As an example, it may be as small as 1ms for some users to 3ms for other users. In addition, the maximum window length is dependent on the processing timeline as well. In particular, the maximum value of X is 3ms under the  processing timeline, whereas it is 2ms under the  processing timeline.
Proposal 2: When an sPDSCH is scheduled, all the previous PDSCHs scheduled within the past X subframes of a given carrier should be dropped at a UE. The value of X could be dependent on the processing timeline as well as a UE capability.
4	Conclusions 
Proposal 1: HARQ process sharing across different TTI lengths is not supported.
Proposal 2: When an sPDSCH is scheduled, all the previous PDSCHs scheduled within the past X subframes of a given carrier should be dropped at a UE. The value of X could be dependent on the processing timeline as well as a UE capability.
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