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1 Introduction
It RAN2#80 meeting, handling of HARQ RTT was discussed [1]. In the MAC specification, HARQ RTT Timer and drx-RetransmissionTimer control the DRX Active time to be used for DL HARQ retransmissions. There is one HARQ RTT Timer and one drx-RetransmissionTimer per HARQ process. With spatial multiplexing, there might be two transport blocks per HARQ process transmitted. Those transport blocks have separate HARQ feedbacks. Retransmissions of the transport blocks can occur at different time moments because one of the blocks can be disabled. 

The current definitions for HARQ RTT Timer and drx-RetransmissionTimer are as follows:

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.

With respect to HARQ RTT Timer, in our view, there are three open issues to be discussed:
1) Are DL HARQ retransmissions possible before the HARQ RTT Timer has expired and before the drx-retransmissionTimer has been started if UE is Active due to other reasons?
2) Is HARQ RTT Timer restarted when the UE receives other Transport Block when the timer is already running due to one Transport Block of the same HARQ process?

3) Is the UE expected to process DL HARQ retransmission earlier than X ms after the previous transmission, where X corresponds to the HARQ RTT Timer? 
Slightly related to this topic, definition of drx-RetransmissionTimer was discussed also in RAN2#80 meeting. In [2], it was discussed that in the TDD scenario with different UL/DL configurations, the DL retransmission may cannot be performed when drx-RetransmissionTimer is started and thus it is unclear how the UE should count PDCCH subframes for this timer. 

In this contribution, we discuss the open issues identified above related to both HARQ RTT Timer and drx-RetransmissionTimer.
2 Discussion
2.1 HARQ RTT timer start/restart in the MIMO case
HARQ handling for a singe HARQ process with multiple transport blocks is depicted in Figure 1. Similar to [1], we assume that the UE is active due to other timers, e.g., drx-InactivityTimer.  The procedure is following: 

· First the UE receives both Transport Block 1 (TB1) and Transport Block 2 (TB2) in subframe #0. HARQ RTT Timer is started in that subframe. 

· The decoding of these blocks fails in the UE and thus the UE sends a negative HARQ feedback (NACK) for both blocks in subframe #4.
· When HARQ RTT Timer expires, drx-retransmissionTimer is started. Because of the failure, the scheduler decides to reduce the rank of transmissions for the second attempt. Thus, only one of the transports blocks, TB1 is scheduled in subframe #10 and TB2 is disabled.  
· When the UE receives TB1, drx-retransmissionTimer is stopped and HARQ RTT Timer is started. The scheduler may want to schedule TB2 as soon as possible to avoid increasing the HARQ RTT of each transport block for the same process. 

The first open issue is the following: is the UE is expected to process TB2 even though the HARQ RTT Timer is running?  The definition of HARQ RTT Timer could be understood as that the retransmission can only occur 8 ms after any transmitted TB of the given HARQ process. However, we believe that HARQ RTT timers relate to DRX active time handling and thus should not be understood as a limitation when different transport blocks can be scheduled.
If the UE processes TB2 when HARQ RTT Timer is running, then the second open issue relates to HARQ RTT Timer handling after reception of TB2: Is this timer restarted for TB2 when it is already running for TB1? One may consider that “starting” and “restarting” means same thing in this context. On the other hand, from Section 3.1 from 36.321 it is clear that a timer can be started only if it is not running. 
NOTE:
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value.
Both options (restart/not restart) work and have their pros and cons: If HARQ RTT Timer is not restarted, then TB1 can be retransmitted earlier as drx-retransmissionTimer is started earlier. If HARQ RTT Timer is restarted, the UE becomes active later and then either TB1 or TB2 can be retransmitted when the UE is active.  Because it can be assumed that restarting the timer is a more common interpretation, we propose to clarify that in the MAC specification. 
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Figure 1. HARQ RT Timer handling
Proposal 1 The UE is expected to process the transport block even if HARQ RTT Timer is running

Proposal 2 Restart HARQ RTT Timer for each TB  
2.2 Processing of DL HARQ retransmissions in SIMO/MIMO case
In this subsection, we elaborate on the meaning of HARQ RTT Timer and discuss when the UE is expected to process DL retransmissions.

In the current specifications, HARQ RTT Timer is only used in the DRX section. In the MAC specification, it specifies when the UE should be in DRX Active time so that retransmissions can be transmitted to the UE. The definition for that timer in Section 3.1 helps to understand the meaning of the timer but the text is implicitly related to the actual procedure for the UE expected actions as specified in the DRX Section. 

Currently, the minimum HARQ RTT is not specified for DL either in RAN1 or RAN2 specifications. Specification 36.213 only specifies the timing relation between the PDSCH reception and the HARQ feedback transmission on PUCCH which corresponds to the 4 ms in FDD. But there is no specified timing relation between the PUCCH transmission and the next PDSCH reception for the given HARQ process. Instead, this time depends on eNB implementation and can be longer or shorter than 4 ms. It can be expected that if the eNB would transmit the same transport block in the subsequent subframes, the UE is not necessarily able to process them. In addition, it is not clear what kind of HARQ feedback the UE would provide in subframe n+4 where the initial transmission occurred in subframe n. However, it can be possible that the eNB processes PUCCH feedback quickly and sends retransmission earlier than 4 ms after the PUCCH feedback. 

HARQ RTT Timer relation to actual HARQ RTT was discussed in [3], where a configurable HARQ RTT having a minimum value of 6 ms was proposed. In the resulting discussion, the fixed HARQ RTT of 8 ms was introduced. However, the fixed timer was introduced to simplify the signaling, not because shorter HARQ RTT would not be possible. The current definition of HARQ RTT Timer was accepted in RAN2#60 based on following Stage-2 agreements captured in TS 36.300:

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX. In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission; 
Currently, long range enhancements for MTC devices are studied in RAN1. If the UE is in bad coverage, it might be beneficial to transmit the same transport block more frequently than once every 8 ms. It is not wise to limit this “DL TTI bundling” opportunity in RAN2 specifications without clear need for that.
Proposal 3 Clarify that HARQ RTT Timer specifies only DRX related behavior
However, as discussed above, the UE action for providing HARQ feedback is not clear when the DL retransmission is sent before the UE has send UL feedback. Both from network and UE point of view, it would be beneficial to specify if the UE is expected to process retransmissions e.g. in every subframe, or after PUCCH transmissions etc. 

Proposal 4 RAN2 should discuss if it is required to capture the minimum DL HARQ RTT expected by the UE in some specification
2.3 Definition of drx-RetransmissionTimer

As discussed in [2], it might be unclear when actually the drx-RetransmissionTimer starts and PDCCH-subframes are counted. In the TDD scenario with different TDD configurations, the first PDCCH subframe after the HARQ RTT Timer expiration might not be a DL in the cell in which initial transmission was performed. Thus, DL retransmission cannot be expected by the UE immediately when HARQ RTT timer expires and drx-RetransmissionTimer is started. See Figure 2 for illustration.

As a background, HARQ RTT Timer for TDD is k+4, where k refers to the delay between the DL reception and HARQ feedback transmission. In legacy TDD, after HARQ RTT Timer expiration, there might be UL subframes and thus the actual HARQ RTT is longer. However, UL subframes are not counted for drx-RetransmissionTimer and thus there should not be ambiguity. 
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Figure 2. drx-RetransmissionTimer handling [2].
In principle, there are two main reasons for the potential ambiguity: 

1. In the TDD scenario with different TDD configurations, HARQ RTT Timer is not aligned with the minimum HARQ RTT assumed with some typical eNB processing delay. 
2. The definition of drx-RetransmissionTimer refers to expected DL retransmissions even the intention is to specify when the UE should be in DRX Active state. As discussed in the context of HARQ RTT Timer, we assume that DL retransmissions could occur earlier/later. 
The first issue listed above could be solved by specifying new values for HARQ RTT Timer. However, this might lead to too complex rules. 

For the second issue, we consider that it could be useful to change the definition of drx-RetransmissionTimer so that it refers to the time when the UE should be active to receive potential retransmissions. When the UE starts and stops this timer should be clear from Section 5.7 of TS 36.321.

Proposal 5 Clarify that drx-RetransmissionTimer specifies only DRX related behavior
3 Conclusion

In the contribution, we have made the following proposals:

Proposal 6 The UE is expected to process the transport block even if HARQ RTT Timer is running
Proposal 7 Restart HARQ RTT Timer for each TB REF _Ref342982872 \h 

Proposal 8 Clarify that HARQ RTT Timer specifies only DRX related behavior
Proposal 9 RAN2 should discuss if it is required to capture the minimum HARQ RTT expected by the UE in some specification

Proposal 10 Clarify that drx-RetransmissionTimer specifies only DRX related behavior
CR based on proposals made in this contribution is given in R2-130232.
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