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1 Introduction
In this contribution we provide an initial evaluation and impact on RRM requierments from shortened TTI and processing time reduction. The initention is to start the discussion on the specification impacts from the feature.
2 Discussion

2.1 Overview of main subfeatures of the work item

The work item on shortened TTI introduces the following main subfeatures

Reduced processing with 1ms TTI
· Change the n+4 timing to n+3 for DL HARQ timing and UL grant to data
· Asynchronous UL HARQ
· Reduced maximum TA
· DL and UL CA and dual connectivity
· Switching between (n+3) and (n+4) timing
Short TTI
· Introduce short transmissions (sTTI) within DL/UL subframe (in PDSCH/PUSCH)
· In-band DL control (sPDCCH)
· Fast control in UL (sPUCCH)
· The following sTTI are supported
· For Frame structure type 1

· 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· For Frame structure type 2

· 1-slot sTTI for sPDSCH/sPDCCH 

· 1-slot sTTI for sPUCCH/sPUSCH 
· A new sPDCCH search space defined for sTTI UEs inside Short TTI
· CRS or DMRS based
· Asynchronous UL HARQ
· No PHICH usage for sTTI
· Indicate HARQ process in Fast UL grant
· DL TTI length switching on slot borders
· Dynamic indication of TTI length in fast UL grant
· Dynamic indication of DMRS position in fast UL grant
· Shared DMRS possible between UEs
· Reduction of maximum TA

· DL and UL CA and dual connectivity
The following aspects from the above list are targetted for completion in RAN#76 (RAN4#83)

· 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

2.2 Overview of main subfeatures of the work item

CRS based measurements
The basic CRS structure is unaffected by the downlink transmission of sPDCCH/sPDSCH. It therefore appears that CRS based measurements can be made in the same way by a UE operating with reduced processing or sTTI. Therefore there appears to be no impact to measurement period, measurement accuracy or cell identification requirements. Some minor clarification of measurement gaps may be required; the operation of sTTI does not affect the duration or timing of measurement gaps, but when sTTI are impacted by a measrement gap there will be a larger number of sTTI in the gap than legacy TTI. Due to the latency reduction feature, the time until the measurement report is received should be somewhat reduced, especially if HARQ retransmissions are needed to make the report. The definition of measurement reporting delay is “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 “. Since the transmission time of the report is excluded from this definition, RAN4 measurement reporting delay requirements are not affected by faster processing or shorter TTI. 
Proposal 1 : There is no impact to cell detection, CRS based measurement requirements (measurement period and corresponding measurement accuracy), or measurement reporting delay requirements
Proposal 2 : Gap based measurement requirements are checked to verify if the definition of a gap is consistent with sTTI. 
HO interruption time/delay

Similarly to the previous discussion, handover delay is defined as “When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.

Where:

Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the interruption time stated in clause 5.1.2.1.2.”
Since the RAN4 handover requirements start from the end of the last TTI containing the RRC command, there is no impact to the RAN4 requirement even though the overall procedure (including signalling of the handover command) should be faster.
Proposal 3 : There is no impact to HO interuption time/delay requirements
RLM
As radio link monitoring is typically perfromed by the UE using CRS to estimate hypothetical BLER, there should be no impact to RLM requirements. At any rate, the requirements specified in RAN4 for  evaluation period and Qin/Qout BLER levels should not be impacted by the work item.
Proposal 4 : There is no impact to RLM requirements
SCell activation/deactivation
Currently it is specified that the UE completes RAN1 actions for activation eg at subframe (n+8). Activation is completed from a RAN4 perspective (CQI with non zero index is required to be reported) at subframe (n+24) (known cell) or subframe (n+34). Given the RAN4 requirements which are currently specified, there seems to be limited scope to impove activation delays. Since the timing is specified in subframes in 36.133, there shpuld be no impact to SCell activation/deactivation requirements
Proposal 5 : There is no impact to SCell activation/deactivation requirements
CSI-RSRP requirements
The CSI-RS design is unaffected by the introduction of sTTI. Similalry to CRS based measurements, the opportunities to measure CSI-RSRP are therefore unaffected and the meausurement period and accuracy of CSI-RSRP should not be affected.
Proposal 6 : CSI-RSRP accuracy and measurement period requirements are not affected
Timing accuracy for new channels 
Timing requireements are needed for the new UE uplink channels (S-PUCCH and S-PUSCH). We anticipate that it is likely that timing requirements for PUCCH and PUSCH could be directly reused for the new channels, in which case the specification change could simply involve adding S-PUCCH and S-PUSCH to the list of channels for which uplink timing requirements are applicable
Proposal 7 : Reuse of PUSCH and PUCCH requirements for S-PUCCH and S-PUSCH should be checked
Maximum timing advance
To allow sufficient time for UE and network processing, the maximum timing advance will be reduced. Since RAN4 does not specify the MTA value, this does not have specification impact in RRM
Proposal 8 : Reduced MTA does not have RRM specification impacts.
Maximum receive time difference
In carrier aggregation, RA4 specifies maximum receive time dfference which was derived assuming 1ms TTI. This is illustrated in figure 1
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Figure 1 : Maximum receive time difference with a 1ms TTI.
If a shorter TTI is used, then an MRTD of 30.26uS may not be feasible. For example, with a 2 OFDM symbol TTI the TTI length is approximately 143uS. The relative impact of a 30.26uS time difference is therefore much greater. It is therefore expected that UE will only be able to support a smaller MRSD when they are operating with a shorter TTI. The approach to requirements setting needs further discussion in RAN4. For example, the supported MRTD may need to be scaled according to TTI length.
Proposal 9 : RAN4 discusses the approach for MRTD requirements for different TTIs eg scaling
The MRTD is also plays an important role for dual connectivity since it marks the boundary between synchronous dual connectivity and asynchronous dual connectivity. A similar approach to carrier aggregation may be anticpated

Proposal 10 : RAN4 discusses the applicablity of the MRTD approach to dual connectivity related to the boundary between synchronous and asynchronous dual connectivity 
Different TTI in different carriers in CA
Generally, there may be a different TTI in use in different component  carriers in CA. This needs to be accounted for in requirements, such that the same TTI is not assumed for different carriers, and also may differ between UL and DL. So in considering proposals 10 and 11, the TTI length between carriers or between UL and DL may differ. This needs to be accounted for when defining core requirements, for example if  a scaling approach is used for MRTD, then the MRTD which is supported depends on the minmum TTI in use on all CC.
Proposal 11 : The possibility of different TTI on different CC and between UL and DL needs to be accounted for in requirements for carrier aggregation and dual connecctivity.
RAN4 should study such scenarios in more detail.
3 Conclusions
In this contribution we present a high level overview of the features introduced in the work item for shortened TTI and processing time reduction. We evaluate the features from an RRM requireemnts perspective. Our initial analysis for further comment is captured in the following proposals.
Proposal 1 : There is no impact to cell detection, CRS based measurement requirements (measurement period and corresponding measurement accuracy), or measurement reporting delay requirements

Proposal 2 : Gap based measurement requirements are checked to verify if the definition of a gap is consistent with sTTI.

Proposal 3 : There is no impact to HO interuption time/delay requirements
Proposal 4 : There is no impact to RLM requirements
Proposal 5 : There is no impact to SCell activation/deactivation requirements
Proposal 6 : CSI-RSRP accuracy and measurement period requirements are not affected
Proposal 7 : Reuse of PUSCH and PUCCH requirements for S-PUCCH and S-PUSCH should be checked
Proposal 8 : Reduced MTA does not have RAN4 specification impacts.
Proposal 9 : RAN4 discusses the approach for MRTD requirements for different TTIs eg scaling

Proposal 10 : RAN4 discusses the applicablity of the MRTD approach to dual connectivity related to the boundary between synchronous and asynchronous dual connectivity 
Proposal 11 : The possibility of different TTI on different CC and between UL and DL needs to be accounted for in requirements for carrier aggregation and dual connecctivity.

Feedback is invited from interested companies on either the proposals, or additional requirements which may be impacted by the sTTI operation.
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