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Introduction
In RAN#73, a new Work Item on “shortened TTI and processing time for LTE”[1] has been approved, with the objective to reduce the packet data latency over the air interface as well as to significantly reduce the packet data transport round trip latency. 
For short TTI aspect, the following objectives of the WI are made:
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For shortened processing time in RAN1#86 the following agreements are made:  
· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 
· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 
· At least when scheduled by PDCCH 
In this contribution, we further discuss the RAN2 impact of shortened processing time and TTI on DRX. 
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0. Current DRX mechanism
Even while there is no traffic between the network and UE, UE has to keep listening to Network. At least it should be ready to decode PDCCH. It means UE has to be "ON" all the time even when there is no traffic. But being ON all the time would drain the battery. To solve this problem, Discontinuous Reception (DRX) has been designed to prevent UE from monitoring PDCCH all the time. The following figure illustrates the DRX mechanism in LTE basically. In DRX cycle (a period of time configured by eNB), when onDurationTimer is running UE is awake to monitor PDCCH to check if there is any data coming from the network, and when onDurationTimer expires UE getting into sleeping mode again.


Fig. 1 basic DRX mechanism
For downlink retransmission it is asynchronized which means eNB should provide DCI to indicate UE to receive retransmission data, so after decoding PDCCH for initial data transmission UE should be prepared to decode a retransmission DCI again. And there is a Round Trip Time (RTT) restriction due to the transmission latency and processing latency in both eNB and UE side. For FDD system minimum HARQ RTT is 8 subframes and for TDD system minimum HARQ RTT is k + 4 subframes where k is the interval between the downlink transmission and the transmission of associated HARQ feedback according to different uplink-downlink configurations. To save UE battery during this waiting time for possible downlink retransmission, HARQ RTT Timer and drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process) are introduced. The working mechanism is illustrated in Fig. 2. UE receives a DCI for downlink initial data at subframe 1 during the awake time, and HARQ RTT Timer is started at the same time. And at subframe 5 UE provides a NACK feedback to eNB. In DRX cycle when onDurationTimer expires and HARQ RTT timer is running UE doesn’t need to monitor PDCCH, and when HARQ RTT timer expires and drx-RetransmissionTimer is running UE starts to monitor PDCCH again. In Fig.2 UE receives downlink retransmission data at subframe 3 in the next frame. According to fixed HARQ RTT limit the HARQ RTT timer is set to 8 subframes in FDD and k + 4 in TDD.


Fig.2 DRX mechanism for HARQ retransmission
Impact of shortened processing time and TTI
For shortened processing time it has been agreed that a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ. So the HARQ RTT latency can be reduced to n + 6 at the same time. And if DRX is enabled and HARQ RTT Timer is still be set to 8 subframes the HARQ RTT latency will be unnecessarily extended so that the effort to reduce processing time is wasted as illustrated in Fig.3. In that way two kinds length of HARQ RTT Timer should be supported. Taking FDD as an example, both HARQ RTT timer of 6 and 8 subframes should be supported.


Fig.3 fast retransmission missed by long HARQ RTT Timer
Proposal 1: For shortened processing time HARQ RTT Timer should support different HARQ RTT latency with flexible length. 
For short TTI, taking FDD 2-symbol sTTI as an example, if a HARQ timing n + 4 is kept the whole HARQ RTT latency is 8 sTTI, i.e. 16 symbols which is less than 1.2 subframes. If DRX is enabled and HARQ RTT Timer is still be set to 8 subframes the latency benefit of short TTI will be eliminated at all. So an adaptive DRX length of HARQ RTT timer should be introduced corresponding to different TTI length, e.g. HARQ RTT Timer should be set to 8 sTTI with n + 4 HARQ timing as illustrated in Fig.4.


Fig.4 short HARQ RTT Timer
Proposal 2: For short TTI HARQ RTT Timer should support scenarios with different TTI lengths, and it should be counted by sTTI, not only by subframes. 
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In this contribution, we further discuss the RAN2 impact of shortened processing time and TTI on DRX, and we made the following proposals:
[bookmark: _Toc423020280]Proposal 1: For shortened processing time HARQ RTT Timer should support different HARQ RTT latency with flexible length. 
Proposal 2: For short TTI HARQ RTT Timer should support scenarios with different TTI lengths, and it should be counted by sTTI, not only by subframes. 
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