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1
Introduction
This contribution we discuss the open aspects of maximum TA (for reduced processing time 1ms TT as well shorter TTI) as well as the related processing time definition for shorter TTI. 
2
Maximum Timing Advance reduction for 1ms TTI

The agreement from RAN1#86 [1] states that the maximum TA for 1ms TTI N+3 operation is to be reduced to a value of less or equal 0.33ms, reducing the maximum supported cell radius with reduced processing time to less or equal to 50km. 
From normal cell size operation point of view, clearly the 50km cell radius will not be required but the timing advance is also including possible propagation delays in case of using RRH with centralized eNB baseband processing. Therefore, a too restrictive limitation of the maximum timing advance is not seen as desirable overall. As the reduced processing time operation anyhow needs to be a UE capability, we do not see a need to reduce the maximum TA as not all the UEs will need to support reduced processing time operation for 1ms TTI. We therefore propose: 

Proposal 1: The maximum timing advance is reduced to x=0.33ms for the UE supporting shortened processing time operation for 1ms TTI.
3
Processing time definition for shorter TTI 
In case of the 1ms TTI, the processing time (i.e. PDSCH to HARQ-Ack, UL grant to PUSCH) is given in multiples of the TTI length, i.e. N+4 for legacy operation and N+3 for 1ms TTI reduced processing time operation.  
In case of 2OS sTTI, although we denote the operation with ‘2 symbol shorter TTI’, the subframe structure is a mixture of sTTIs of 2 and 3 symbols. Therefore, it has been mentioned by some companies in the offline discussions during RAN1#87 that the processing time for shorter TTI should be given in more in terms of OFDMA/SC-FDMA symbols than assuming some N+x timing in terms of sTTI. 
The argument brought forward is, that the available absolute processing time for a definition in terms of N+x with sTTI may be depending on the assumption of x. Moreover, depending on the location of the DL assignment/UL grant within the sTTI (in first/second/third symbol) there is more or less time available for the processing of sPDSCH or preparing the sPUSCH transmission. If one thinks about it further, also the number of bits / sTTI (i.e. TBS) may vary depending on the number of sPDSCH/sPUSCH symbols as well as the resource allocation & MCS and clearly more time will be needed to decode/prepare a small TB than a larger one. All these considerations will make the processing time definition in multiples of symbols very complicated (to define/agree/specify). Moreover, the sPDSCH HARQ-Ack of consecutive sTTIs may fall from the timing point of view to the same UL sTTI which will further complicate the HARQ-Ack feedback design. At the same time, there might be the need to transmit the UL grants for two consecutive sPUSCHs (i.e. sTTI#x and sTTI#x+1) in the same DL sTTI – complicating things further. 

This unnecessary complexity had been the reason in LTE Rel-8 to specify the processing time in multiples of the TTI length (i.e. the N+4 mapping) and requiring from the UE to prepare the processing capabilities for the worst case. This worst-case situation in terms of Rel-8 is given by the maximum TA of 0.667ms, 100PRB resource allocation with the highest supported MCS (i.e. largest possible TBS) as well as assuming a PDCCH length of 3 symbols. 

We think that we should equally adopt this basic LTE principle also to the sTTI design. The processing time should be defined with an N+x assumption in terms of sTTIs and the same processing time assumption should be applicable to PDSCH to HARQ-Ack as well as for UL grant to sPUSCH. The UE should therefore adjust its processing capabilities to comply with the specified N+x timing.

Proposal 2: The processing time for shorter TTI is defined in multiples of sTTIs (i.e. N+x assumption) and should be applicable to sPDSCH and sPUSCH operation, according the legacy/1ms TTI LTE principles. 
4
Maximum TA and processing time for shorter TTI
The processing time for the UE is dependent on the TTI length as well as the maximum allowed timing advance. Whereas the legacy maximum TA corresponds to 65% of the TTI length, for the 7OS sTTI this corresponds to 133% and for 2OS sTTI even in the order of 4 full sTTIs. Therefore, the setting of the maximum timing advance will especially in the case of 2OS sTTI need to be considered when defining the N+x processing time.

The arguments on supporting a reasonably large maximum TA in Sec. 2 equally apply also to shorter TTI operation as the motivation of network deployments are generally applicable. Therefore, we think the same maximum TA of 0.33ms should be also supported for shorter TTI operation. 
For the slot-level/7OS sTTI, we believe that the N+4 timing can be supported, as compared to the legacy operation with the same timing assumption the TTI length and the maximum TA are both half of the Rel. 8 values. 

For 2OS sTTI, the effect of the maximum timing advance is larger. Taking this into account we think that a combination of an N+6 timing with a maximum TA of 0.33ms to be a reasonable trade-off considering (existing) network deployments. 

We therefore, propose: 

Proposal 3: For shorter TTI operation, a maximum timing advance of 0.33ms is supported with a UE processing requirement of an N+4 timing for slot-level/7OS sTTI and an N+6 timing for the 2OS sTTI. 

5
Conclusions
This contribution we discuss maximum timing advance for 1ms TTI and sTTI as well as processing timing for shorter TTI. Based on the discussions in this contribution, the following proposals are made:
Proposal 1: The maximum timing advance is reduced to x=0.33ms for the UE supporting shortened processing time operation for 1ms TTI.
Proposal 2: The processing time for shorter TTI is defined in multiples of sTTIs (i.e. N+x assumption) and should be applicable to sPDSCH and sPUSCH operation, according the legacy/1ms TTI LTE principles. 

Proposal 3: For shorter TTI operation, a maximum timing advance of 0.33ms is supported with a UE processing requirement of an N+4 timing for slot-level/7OS sTTI and an N+6 timing for the 2OS sTTI.
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