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1   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. So far RAN1 has discussed this WI for three meetings. With regard to shortened processing time, the following agreements were made in [2][3][4]:
RAN1#86:
· 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 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Reduced processing time(s) are RRC configured for the UE

· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported

· Details FFS

· Working assumption can be revisited if it is not found to be feasible 

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 

· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 

· No change in FS3 asynchronous UL HARQ operation

RAN1#86bis:
No consensus to support a minimum processing time of n+2 

RAN1#87:
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing
In this contribution, we further discuss the impact of shortened processing time on RAN2. 
2   Discussion
In RAN1, for shortened processing time part, there are mainly two topics discussed: the maximum TA restriction and shortened processing timing n+3. And shortened processing timing n+3 supports fallback to legacy processing timing n+4. 
For the maximum TA restriction part, no impact on RAN2 is expected so far.

For the shortened processing time part, shortened processing timing n+3 impacts DRX timers and fallback to legacy processing timing n+4 impacts HARQ processes. Except for these impacts which will be analysed in the following two sections, we don’t see other impacts on RAN2 so far. 
Observation 1: Shortened processing time only has impacts on DRX timers and HARQ processes.
2.2   Impacts on DRX timers
In LTE, Discontinuous Reception (DRX) has been designed to prevent UE from monitoring PDCCH all the time. 
· Downlink

The HARQ RTT Timer specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission, and is used to save UE battery life. Currently for FDD system HARQ RTT Timer is 8 subframes and for TDD system HARQ RTT Timer is k + 4 subframes.
The processing time refers to the minimum time duration between DL data and DL HARQ ACK/NAK. In FDD system if the processing time is n+4, DRX mechanism for downlink HARQ retransmission is illustrated in Fig. 1. The UE receives a DCI for downlink initial data at subframe 1 during the awaken time, and HARQ RTT Timer is started. At subframe 5 the UE provides a NACK feedback to the eNB. When onDurationTimer expires and HARQ RTT timer is running the UE doesn’t need to monitor PDCCH, and when HARQ RTT Timer expires and drx-RetransmissionTimer is running the UE starts to monitor PDCCH again.
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Fig.1 DRX mechanism for HARQ retransmission
It has been agreed in RAN1 that a shortened processing timing n+3 is supported for DL data to DL HARQ. Then the HARQ RTT latency can be reduced to n + 6. For FDD, currently the HARQ RTT timer is set to 8 subframes. If DRX is enabled and HARQ RTT Timer is still 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.2. Therefore the HARQ RTT Timer should be set to 6 subframes when processing time n+3 is used. However RAN1 also agreed that processing time n+3 supports fallback to processing time n+4 after processing time n+3 is configured by RRC. The legacy 8 subframes HART RTT Timer is needed when the UE fallback to processing time n+4. So two lengths of HARQ RTT Timer (i.e. 8 subframes and 6 subframes) should be supported when processing time n+3 is configured by RRC.
For TDD, the discussion of HARQ RTT Timer’s value should wait RAN1 agreements about TDD timing configuration.
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Fig.2 retransmission is missed by long HARQ RTT Timer
· Uplink

It also has been agreed in RAN1 that a shortened processing timing n+3 is supported for UL grant to UL data. For asynchronous uplink retransmission, UL HARQ RTT Timer is introduced and it is set to 4 subframes for FDD in current specification. Regarding UL HARQ RTT Timer, the case is similar with HARQ RTT Timer. Therefore two lengths of UL HARQ RTT Timer (i.e. 4 subframes and 3 subframes) also should be supported when processing time n+3 is configured by RRC.
Proposal 1: If shortened processing time n+3 is configured, for FDD two lengths of HARQ RTT Timer (i.e., 8 subframes and 6 subframes) and UL HARQ RTT Timer (i.e. 4 subframes and 3 subframes) should be supported.
2.3   Impacts on HARQ processes
Another aspect about shortened processing time is that shortened processing time n+3 supports fallback to legacy processing time n+4. This means when shortened processing time n+3 is configured by RRC, the UE can dynamically fall back to n+4 processing time according to DCI indication. When switching between the two kinds of processing time, HARQ processes will be affected.  
Now, RAN1 has agreed that for PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared and for PUSCH it is FFS. So for downlink a single HARQ entity is enough per carrier. Although there is no agreement whether the HARQ processes are shared for PUSCH, we think single HARQ entity per carrier is sufficient for uplink. Therefore, single HARQ entity is enough to support switching between processing timing n+3 and n+4.
Proposal 2: For shortened processing time, single HARQ entity can support switching between processing timing n+3 and n+4. 
3   Conclusion
In this contribution, we further discuss the RAN2 impact of shortened processing time and TTI on DRX, and we made the following proposals:
Observation 1: Shortened processing time only has impacts on DRX timers and HARQ processes.
Proposal 1: If shortened processing time n+3 is configured, for FDD two lengths of HARQ RTT Timer (i.e., 8 subframes and 6 subframes) and UL HARQ RTT Timer (i.e. 4 subframes and 3 subframes) should be supported.

Proposal 2: For shortened processing time, single HARQ entity can support switching between processing timing n+3 and n+4.
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