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1 Introduction
A new work item on shortened TTI and processing time for LTE was approved in [1]. The objective of the work item is to specify shortened TTI operation and shortened processing time for both legacy (1 ms) and shortened TTI, with covering the case of carrier aggregation and non-carrier aggregation and frame structures 1-3. 
RAN1 has discussed the work item in the last two meetings, and based on the discussion has sent an LS to RAN4 with the conclusions in [2]. In this contribution we summarize the most relevant RAN1 agreements and reflect possible changes due to these agreements in RAN4 RRM core specifications.
2 Background
The high level objectives of the work item according to [1] are:

Shortened processing time
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation:
· Specify support for a reduced minimum timing compared to legacy operation between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design.

Shortened TTI operation
For Frame structure type 1:
· Specify support for a transmission duration based on 
· 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications

For Frame structure type 2:
· 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

The work item should also specify base station and UE core requirements to support the above features.



[bookmark: _GoBack]The most important high level agreements made by RAN1 from RAN4 perspective to these objectives according to the LS are [2]:

Shortened processing time

· 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 
· FFS:
· Possible minimum timing of n+2 TTI

sTTI operation

· The DL sTTI length of a UE is indicated by eNB
· Short TTI is not configured with extended CP.

· For 7-symbol TTI, the following sTTI structure is supported for  UL
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· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:
· Option 1: fixed sTTI structure 
· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 
· 
· If 4-symbol UL sTTI is supported, the following sTTI structure is adopted:
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RAN1 has also agreed the following way forwards:

R1-1610827	WF on DL sTTI pattern	Huawei, HiSilicon, NTT DOCOMO, Intel, Qualcomm, Ericsson, LGE
R1-168350	WF on sPDCCH	Huawei, HiSilicon,Qualcomm,Ericsson,Nokia,ASB,InterDigital,Xiaomi Communication, NTT DOCOMO,CATT, Samsung,Intel,LG,ZTE, ZTE Microelectronics, Spreadtrum,Sharp,CATR,Panasonic,Potevio, Mediatek, Motorola Mobility, Lenovo, NEC,SONY
R1-168533	WF on UL DMRS for sTTI	Huawei, HiSilicon, Nokia, ASB, Ericsson, Potevio, Qualcomm, CATT, Intel, Spreadtrum, LG, Mediatek, Samsung, ZTE, ZTE Microelectronics, NTT DOCOMO, Panasonic,Sony
R1-168500	WF on short TTI lengths		LG Electronics, Ericsson, Intel, NTT DOCOMO, CATT, Sharp, Samsung, Huawei, HiSilicon, Qualcomm, ZTE Corp, ZTE Microelectronics, Nokia, Alcatel-Lucent Shanghai Bell, MediaTek, Panasonic, KT Corp

3 RRM impacts
When considering possible RAN4 RRM core impacts due to shortened TTI and processing time, no major changes to the specifications seem needed. 

Shortened processing time is related to the delay between UL grant and UL data and between DL data and DL HARQ. As there are no requirements in TS 36.133 that would be dependent on the HARQ delay, we don’t see any RRM impacts due to the shortened processing time.

Observation 1: There are no RRM requirements dependent on HARQ delay, so no impacts in 36.133 due to shortened processing time seem needed. 

For shortened TTI, we go possible changes through section by section in the following.

Section 4, E-UTRAN RRC_IDLE state mobility

Shortened TTI can only be used in connected mode, i.e. based on network configuration. Thus no impact to section 4 is expected.

Section 5, E-UTRAN RRC_CONNECTED state mobility

Considering the timers related to handover delay in section 5, we see no improvement due to shortened TTI length. The time required to search the target cell, Tsearch, is dependent on cell identification time. TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. Neither of these is impacted by shortened TTI and hence no impacts to section 5 are expected.

Section 6, RRC Connection Mobility Control

No impact due to shortened TTI is expected to section 6. The timers that could be impacted, such as TUL_grant  and TSI, are not defined by RAN4.

Section 7, Timing and signalling characteristics

In section 7 it needs to be studied, whether re-using the current timing accuracy and timing advance requirements with shortened TTI will impact UE performance. Considering activation delay, there may be some room for improvement due to shortened TTI and even shortened processing time, so it needs to be discussed, whether new requirements are considered needed to be defined. Based on any future RAN1 agreements within the work item, it needs to be studied if RLM and CA interruption requirements will be impacted.

Section 8, UE Measurements Procedures in RRC_CONNECTED State

Cell detection and measurement requirements in section 8 do not depend on TTI length, so no impact due to shortened TTI is expected. Considering DRX requirements, RAN4 should wait for RAN2 agreement on the definition of DRX cycle for shortened TTI length to see the need for any changes.

Based on this discussion the possible RRM impacts due to shortened TTI can be summarized in the following observations:

Observation 2: No impacts to sections 4, 5 and 6 of 36.133 are expected due to shortened TTI length.

Observation 3: The impact of shortened TTI length to sections 7 and 8 of 36.133 needs to be studied further.

4 Summary
In this contribution we have discussed possible RRM core requirement impacts due to shortened processing time and shortened TTI length in LTE. Based on the discussion, we have made the following observations:
Observation 1: There are no RRM requirements dependent on HARQ delay, so no impacts in 36.133 due to shortened processing time seem needed. 

Observation 2: No impacts to sections 4, 5 and 6 of 36.133 are expected due to shortened TTI length.

Observation 3: The impact of shortened TTI length to sections 7 and 8 of 36.133 needs to be studied further.
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