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1. Introduction
In last RAN4 meeting, the RRM impact from sTTI operation was preliminarily discussed in [1][2][3] and one work plan on this WI was approved in [4]. The agreements were duplicated as below to be a timeline of future work.
	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 (Table 2)

· Finalisation of the requirement values for features targeted to RAN#76 (Table 2)

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

RAN4#83

· Agree CR for subset of features targeted to RAN#76 (Table 2)
· Draft CR for remaining features targeted to RAN4#77
· Finalisation of the requirement values for remaining features targeted to RAN#77
RAN4#84 

· Final CR for core part values for remaining features targeted to RAN#77


In this contributions, we analyse the RRM impact based on the latest RAN1 progress to contribute to reach the agreement of RRM impact in this meeting, and we will have some initial discussion on the requirement values as well. 
2. Progress in RAN1 and RAN2
The agreements of sTTI in RAN1 #87 could be found in [5], 
	Agreement
· 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
Agreements:
· The sTTI design is not optimized for N_PRB <= 10.

· Clarification: the DL sTTI length in R1-168500 refers to the RRC configured DL sTTI length

Agreement:
· 
For 2-symbol DL sTTI, consider further only options 1-1 and 2-1

Agreement:
· For a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured

· FFS on across two PUCCH groups

Agreement:
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}

· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.

Agreement:
Revised agreement from RAN1 #84bis according to the below (revisions are marked in red)

· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH(s)
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)
Agreements:
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH

· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

· No special consideration is specified for overlapping of sPDSCH and PDSCH

· Otherwise
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

Agreements:
· At least the following formats should be designed for sPUCCH:
· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)

· DMRS based demodulation for 7-symbol sTTI

· FFS on the formats and DMRS design for 2-symbol sTTI

· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)

· DMRS based demodulation for all sTTI lengths

· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.

· FFS on support of frequency hopping


The progress in RAN2 is duplicated as below;

	Agreements:

· RAN2 will study the impacts of dynamic switching between legacy and sTTI on the MAC

· FFS if LCP procedures need to be changed and if multiplexing restrictions will be needed.  Wait for RAN1 to progress

· FFS if some logical channel should be given priority to use the sTTI and the mechanisms to achieve this

· Mac-ContentionResolutionTimer is in number of subframes regardless of which TTI length is used
· The unit for HARQ RTT timer counting is the TTI length of the TB that starts the timer


3. Discussion on RRM impact
Based on some discussion in [1][2][3], we extend some of the discussion on the particular requirements and the RRM requirement impact summary table is proposed as below.
Table 1. Summarized impacts to TS36.133

	TS36.133 Section ID
	RRM requirement
	Will be impact or not
	Comments

	Section 4.1
	Cell selection
	No
	Shortened TTI is configured via RRC which is available in RRC connected status only.

	Section 4.2
	Cell re-selection
	No
	Shortened TTI is configured via RRC which is available in RRC connected status only.

	Section 4.3~4.6
	MDT, MBSFN measurement, D2D in IDLE, NB-IoT in IDLE
	N/A
	

	Section 5.1, 5.2
	EUTRAN Handover
	No
	Legacy HO was analyzed in [1][2]. For RACH-less HO, the newly introduced TUL_grant is the time required to acquire and process uplink grant from the target Pcell, this parameter depends on the real configuration but not a standardized value in RAN4. For MBB-HO, the Tinterrupt is related with RF adjustment but will not impacted by sTTI.

	Section 5.3, 5.4, 5.5, 5.6
	HO to other RATs, HO to non-3GPP RATs, HO for Cat-M1
	N/A
	

	Section 6.1
	Reestablishment
	No
	Analyzed in [2]

	Section 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9
	Random Access, RRC Connection Release, CSG Proximity indication, RRC Reestablishment/Redirection/ Release for NB-IoT/eMTC
	N/A
	

	Section 7.1
	UE Tx timing
	No
	Please see the detailed analysis in section 3.1.

	Section 7.2
	UE timer accuracy
	No
	The requirements are only related to the actual timing measurements internally in the UE, which is related with the UE local oscillator clock.

	Section 7.3
	Timing Advance
	Yes
	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. This interval of 6ms needs to be revisited considering the reduce process time. Since now, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ, the timing to apply TA may varied from n+6 to n+x. (x is less than 6ms)

	Section 7.4, 7.5
	Cell phase synchronization accuracy
	N/A
	

	Section 7.6
	RLM
	No
	RLM is based on CRS SINR evaluation and PDCCH BLER mapping actually which will not impacted by sTTI and reduced processing time.

	Section 7.7
	CA Activation 
	Yes
	Please see the detailed analysis in section 3.2.

	Section 7.8
	Interruption with CA
	No
	Interruption from RF tuning/retuning which is not related with sTTI or reduce processing time

	Section 7.9
	MTTD in CA
	No*
	Please see the detailed analysis in section 3.3.

	Section 7.10
	Interruption with RSTD measurement in CA
	No
	Interruption from RF tuning/retuning which is not related with sTTI or reduce processing time

	Section 7.11
	RLM for Cat 0
	No
	RLM is based on CRS SINR evaluation and PDCCH BLER mapping actually which will not impacted by sTTI and reduced processing time.

	Section 7.12
	Interruption with DC
	No
	Interruption from RF tuning/retuning which is not related with sTTI or reduce processing time

	Section 7.13
	Cell phase synchronization accuracy for DC
	N/A
	

	Section 7.14
	PSCell Addition and Release for DC
	No
	PSCell addition and Release is controlled via RRC and all the delay in the requirement is not related with the TTI length or processing time

	Section 7.15
	MRTD in DC
	No
	Please see the detailed analysis in section 3.4.

	Section 7.16
	Proximity-based Services
	N/A
	

	Section 7.17
	MTTD in DC
	No
	Please see the detailed analysis in section 3.3.

	Section 7.18
	Scell activation in DC
	Yes
	Please see the detailed analysis in section 3.2.

	Section 7.19, 7.20, 7.21, 7.22, 7.23, 7.24
	Timing requirement for  NB-IoT and eMTC
	N/A
	

	Section 8
	Measurement requirement 
	No*
	Analyzed in [1][2][3].

	Section 9.1(except 9.1.8)
	Measurement accuracy
	No (except 9.1.8)
	Accuracy depends on the samples and side condition of reference signal or discovery signal

	Section 9.1.8
	Power Headroom
	Yes
	Please see the detailed analysis in section 3.5.

	Section 9.2, 9.3, 9.4, 9.5
	Inter-RAT measurement accuracy
	N/A
	

	Section 9.6
	PCMAX,c
	No
	It’s the UE configured maximum output  power which is not related with sTTI.

	Section 9.7, 9.8, 9.9
	IEEE802.11 measurement, MBSFN measurement, ProSe Measurement
	N/A
	

	Section 10
	Measurement for E-UTRAN
	N/A
	

	Section 11
	ProSe requirement
	N/A
	

	Section 12
	V2V requirement
	N/A
	


*: some clarifications may be needed in the requirements.
3.1. UE Tx timing
For UE Tx timing requirement, there two points which may be relevant to the sTTI and reduced processing time.
(1) The relation between uplink frame transmission and reception of the first detected path (in time) of the corresponding downlink frame
In TS36.133, the definition of this relation is specified as: “The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
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” . Since RAN1 had agreement as below in RAN1 #86:

	Agreement:

· 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

· Details FFS

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.
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 value may be changed accordingly. However, in RAN4 there is no explicit value for
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, and it is defined in RAN1 TS36.211 specification, so it will not impact the RAN4 TS36.133.

(2) UE autonomous timing adjustment

In TS36.133, for autonomous timing adjustment, there is some restriction for CA and DC cases as below,

	When in a TAG the transmission timing error between the UE and the reference timing exceeds (Te, or in a sTAG the UE changes the downlink SCell for deriving the UE transmit timing for cells in the sTAG configured with one or two uplinks, the UE is required to adjust its timing to within (Te in that TAG, as long as,
-
the UE is configured with a pTAG and one or two sTAG, the transmission timing difference between TAGs does not exceed the maximum transmission timing difference (i.e., 32.47us) after such adjustment, or

-
the UE is configured with synchronous dual connectivity, the transmission timing difference between pTAG and psTAG does not exceed the maximum transmission timing difference (i.e., 35.21us) after such adjustment.


The maximum transmission timing difference was derived from multiple factors, such as the cell radius, UE Tx timing error, UE Rx timing error, TAE at eNB and so on. Based on the agreement of maximum TA in RAN1 #86, it implies that the cell coverage for these UE who want to implement reduce processing time will be reduced. However, the current possible option in RAN1 is either 330us or 67us, and these maximum TAs are larger than the ones in current CA MTTD assumptions, that means the cell radius assumed in processing time reduction is larger than that assumed in CA MTTD requirement. The supported cell radius in CA MTTD requirement is about 10km considering the UE capability and network deployment. Thus, in that case, the relative propagation delay difference among the component carriers to be aggregated doesn’t need to be changed after introducing processing time deduction.
Proposal 1:  the requirement for UE autonomous timing adjustment in TS36.133 section 7.1 shall be reused for sTTI and processing time reduction.

3.2. CA activation

As disclosed in [3], the Scell activation delay for CA is composed of MAC CE decoding, ACK/NACK feedback, RF tuning/retuning/AGC adjustment, CRS time/frequency tracking, and synchronization(sync delay is only for 34ms case). In previous discussion, 4ms is assumed for the time span between the time point of UE receiving MAC CE and the time point of UE sending ACK/NACK, that is, UE will consume 4ms to process MAC CE. 

In RAN1 agreement, UEs is capable of operating with reduced processing time (n+3) for DL data to DL HARQ, i.e. using 3ms for processing. In this case, the MAC CE processing time in CA activation requirement may be also improved to 3ms, and then the requirement of SCell activation delay shall be revisited. One possibility is to change the 24ms/34ms activation delay requirement to 23ms/33ms for the reduced processing time UE.
Proposal 2:  the requirement for SCell activation delay in TS36.133 section 7.7 and 7.18 shall be revisited.

3.3. MTTD in CA and DC 

Please refer to the analysis in Section 3.1.

Proposal 3:  the requirement for MTTD in TS36.133 section 7.9 and 7.17 shall be reused for sTTI and processing time reduction.
3.4. MRTD in DC 

The MRTD for DC is also relevant with the cell radius, and therefore similar as MTTD, the MRTD requirement may be changed because of reduced cell radius (max TA) for reduced processing time UE.
Proposal 4:  the requirement for MRTD in TS36.133 section 7.15 shall be reused for sTTI and processing time reduction.
3.5. PHR reporting 

PHR impact was mentioned in [3]. We would like to dig deeper on this issue. The current requirement for PHR has some period and reporting definition, which is duplicated as below,
	9.1.8.1
Period

The reported power headroom shall be estimated over 1 subframe.
9.1.8.2
Reporting Delay

The power headroom reporting delay is defined as the time between the beginning of the power headroom reference period and the time when the UE starts transmitting the power headroom over the radio interface. The reporting delay of the power headroom shall be 0 ms, which is applicable for all configured triggering mechanisms for power headroom reporting.


For the sTTI case, power may vary among different TTIs, and multiple sTTIs may exist in 1 subframe, so the estimation period of PHR shall be revisited in this case.
Proposal 5:  the requirement for PHR reporting in TS36.133 section 9.1.8 shall be revisited.
The summarized impacted to TS36.133 can be found in table 1.
Proposal 6: the impact of sTTI and processing time reduction on TS36.133 can be referred to table 1 in this contribution.
4. Conclusions

In this contributions, we analyse the RRM impact based on the latest RAN1 progress to contribute to reach the agreement of RRM impact in this meeting, and proposals are drawn as below,
Proposal 1:  the requirement for UE autonomous timing adjustment in TS36.133 section 7.1 shall be reused for sTTI and processing time reduction.

Proposal 2:  the requirement for SCell activation delay in TS36.133 section 7.7 and 7.18 shall be revisited.

Proposal 3:  the requirement for MTTD in TS36.133 section 7.9 and 7.17 shall be reused for sTTI and processing time reduction.
Proposal 4:  the requirement for MRTD in TS36.133 section 7.15 shall be reused for sTTI and processing time reduction.
Proposal 5:  the requirement for PHR reporting in TS36.133 section 9.1.8 shall be revisited.
Proposal 6: the impact of sTTI and processing time reduction on TS36.133 can be referred to table 1 in this contribution.
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