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1 Introduction
The work item on shortened TTI and processing time was agreed in RAN#72[1]. In the last RAN4 meeting, some preliminary analysis on the RRM impact were discussed. According to the work plan agreed in [2], this contribution provides the further analysis on the RRM impact. 
	RAN4#82
· Agree on the list of RRM requirements impacted by STTI and processing time reduction

· Initial discussion on the requirement values
RAN4#82bis

· Draft CR covering the impacted requirements for the subset of features targeted to RAN#76

· Finalisation of the requirement values for features targeted to RAN#76

· Further discussion on the requirement values for features targeted to RAN#77


2 Discussion
In RAN1 the WI had discussed for three meeting cycles, there are some progress. In the following, we discuss the RRM impact when introducing the shortened TTI and processing time.
· Requirements in idle mode
There is no impact on the RRM requirements in idle mode with introducing the shortened TTI and reduced processing time. The short TTI will be valid when the RRC configuration is signalled.
Proposal1: There is no impact on RRM requirements in idle mode with introducing the shortened TTI and reduced processing time.
· TA requirements

The legacy requirements for TA advance is specified in TS 36.133 as follows,

“7.3.2.1
Timing Advance adjustment delay

UE shall adjust the timing of its uplink transmission timing at sub-frame n+6 for a timing advance command received in sub-frame n.

7.3.2.2
Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command is expressed in multiples of 16* TS and is relative to the current uplink timing.”
For the TA adjustment delay, in the early phase of the Rel-8, there are a lot of discussions on how to define the TA command responding TA. It is a common understanding that the delay between UE processing delay from the reception of a timing advance command to the corresponding change of the transmission timing is 4.33 ms [3]. If UE has capability to reduce the processing delay in shortened TTI, the above requirement would be changed accordingly. Anyway it depends on the discussion on RAN1.
For the TA adjustment accuracy, we don’t foresee the strong motivation to change the TA accuracy and the TA granularity.
Proposal 2: There is no impact on timing advance adjustment accuracy.
· Radio link monitoring

UE shall still monitor the downlink link quality based on CRS and the Qout and Qin shall also calculate based on the PDCCH and PCFICH in this work item. In our understanding, CRS will be reused and the PDCCH and PCFICH are unchanged. So the legacy requirements for radio link monitoring could be reused.
Proposal 3: There is no impact RLM.
· SCell Activation and Deactivation Delay
In the legacy requirements, upon receiving the SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions are 24ms for known cell and 34ms for unknown cell respectively. Taking 24ms as an example, it includes the MAC CE decoding, feedback ACK/NCK, RF tuning/retuning, AGC adjust and 4DL subframes CRS based fine time and frequency synchronization. The ACK/NCK is feedback on PCell. If the PCell is configured to apply sTTI, then the ACK/NACK feedback latency will be reduced.
In RAN1, it is agreed in RAN1#86bis, the HARQ timing is reduced for 1ms TTI.
	Agreement for 1ms TTI:

· 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 short TTI, the minimum timing for DL data to DL HARQ is under discussion in RAN1. The possible timing is n+N*sTTI, N is FFS (e.g., 4, 6 or 8).
Based on the above discussion, the requirements of SCell activation/deactivation delay could be reduced if shortened TTI is applied. The concrete value depends on the RAN1 conclusion. 
Proposal 4: SCell activation/deactivation delay could be reduced if the shortened TTI and reduced processing time is applied.
· Measurement requirements

In RAN1, it is agreed that the synchronization signal, CRS and CSI-RS would be reused in shortened TTI. So the existing cell identification delay, measurement period and measurement accuracy are not affected by the transmission of sPDCCH/sPDSCH. In the following, the measurement reporting delay, the measurement gaps impacts are analysed providing shortened TTI is configured.

- Measurement reporting delay 
The measurement reporting delay requirement is defined in TS 36.133 as below,
“The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH.This measurement reporting delay excludes a delay which caused by no UL resoureces for UE to send the measurement report.”

In our understanding, the definition of measurement reporting delay will remain unchanged, however minor clarification is needed for example, the delay uncertainty is 2 x sTTIDCCH if the measurement report is transmitted on the sPUSCH.
- Measurement gap
The length of MGL, MGRP and Tinter1 are shown in the following table. UE requires measurement gap to identify and measurement inter-frequency and/or inter-RAT cells. As the synchronization signal, CRS and CSI-RS are unaffected by the sTTI, the measurement accuracy remain unchanged, so the gap pattern configuration could be reused without any clarification. 
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE [TS 36.133]
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Proposal 5: The requirements of cell identification delay, measurement period, measurement accuracy and measurement gap can be reused.
Proposal 6: The measurement reporting delay needs some clarification.

· Maximum receive time difference

As defined in TS 36.133, “The UE shall be capable of handling at least a relative received time difference between the signals received from the PCell and the SCell at the UE receiver of up to 30.26 µs when one SCell is configured.” Last meeting [3] pointed out that the MRTD requirements in may not be feasible if sTTI is supported. The logic is that for example, with a 2 OFDM symbol TTI the TTI length is approximately 143us. 30.26us time difference occupies about 20% of the whole sTTI. However we don’t foresee the possible issue from DL reception point of view. In practical implementation, for CA different carrier has separate base band. The maximum DL receive time difference between different carriers would not impact each other. 

In other hands, [3] proposed that the supported MRTD may need to be scaled according to TTI length. As we know, the MRTD requirement (i.e., 30.26us) is derived from the propagation delay (30us) and TAE (0.26us). Reducing the MRTD implies that the cell coverage will shrink accordingly. For sTTI WI, the supported cell coverage is not expected to be reduced.
Based on the above analysis, we don’t think the MRTD will be impacted by sTTI.
Proposal 7: No need to reduce the maximum receive time difference.

Although the downlink received time difference is not impact, there is impact is for the uplink transmission for UL CA. In the current specification, the maximum uplink transmission timing difference between the pTAG and the sTAG is 32.47µs. With a 2 OFDM symbol TTI the TTI length is approximately 143us, 32.47us time difference occupies about 23% of the whole sTTI. The large overlapping would impact the uplink power control. However as agreed in RAN#73, in phase I the WI focus on UL non-CA. So the impact of transmission timing difference in CA would be discussed after RAN#76.
	Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76


Proposal 8: The study on the power control and the transmission timing difference in uplink CA could be started after RAN#76.
· Interruption requirements
The current interruption requirements contain the requirements related to the interruptions on PCell and activated SCell if configured, when up to four SCells are configured, deconfigured, activated or deactivated, or when SRS carrier based switching is performed between the configured component carriers. The unit of the interruption requirements is “subframe”. The configuration of the impacted cell could be 1ms TTI, 7 OS or 2OS, so the interruption time is different depending on the different configuration. But the requirement is the minimum requirement, so we think it is reasonable to reuse [x] subframe(s).
Proposal 9: The interruption requirements can be reused.
· Power headroom

In current specification, the reported power headroom shall be estimated over 1 subframe. When the scheduling unit is reduced to shortened TTI, the PHR would be estimated accordingly over the smaller time unit.
Proposal 10: The PHR period is impacted if the shortened TTI and reduced processing time is applied. 
· CGI reading

The CGI reading requirements include the CGI identification delay and the guaranteed ACK/NCK number. The CGI identification procedure includes MIB reading and SIB1 reading. PBCH is not affect by sTTI. The autonomous gap length is fixed. So the CGI reading requirements is unaffected by shortened TTI and reduced processing time.

Proposal 11: The requirements of CGI reading is unaffected by shortened TTI and reduced processing time.

3 Conclusion

In this paper gives an overview on RRM impact on shortened TTI and processing time. The following proposals are proposed: 
Proposal 1: There is no impact on RRM requirements in idle mode with introducing the shortened TTI and reduced processing time.
Proposal 2: There is no impact on timing advance adjustment accuracy.

Proposal 3: There is no impact RLM.
Proposal 4: SCell activation/deactivation delay could be reduced if the shortened TTI and reduced processing time is applied.
Proposal 5: The requirements of cell identification delay, measurement period, measurement accuracy and measurement gap can be reused.

Proposal 6: The measurement reporting delay needs some clarification.

Proposal 7: No need to reduce the maximum receive time difference.

Proposal 8: The study on the power consumption and the transmission timing difference in uplink CA could be started after RAN#76.

Proposal 9: the interruption requirements can be reused.

Proposal 10: The PHR period is impacted if the shortened TTI and reduced processing time is applied. 

Proposal 11: The requirements of CGI reading is unaffected by shortened TTI and reduced processing time is applied.
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