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1 Introduction
In [1] was agreed to investigate the requirements listed in table 1, considering the impact of sTTI and latency reduction.
Table 1.
	Clause
	Impacted Requirement
	Notes

	7.1.2
	S-PUCCH and S-PUSCH transmission timing requirements
	Assumption is that PUCCH and PUSCH requirements can be reused

	7.3.2.1
	TA adjustment delay for reduced processing time with 1ms TTI.
	Depending on RAN1

	7.7
	SCell activation and deactivation delay
	Investigate activation and deactivation delays considering shorter processing delay for activation command and CQI reporting aspects.

	9.1.8
	Power headroom
	Investigate estimation period and report mapping for PHR Depending on RAN1

	8.1.2.2.3.1,

8.1.2.2.4.1,

8.1.2.3.5.1,

8.1.2.3.6.1
	Identification of a new CGI of E-UTRA cell with autonomous gaps


	Whether ACK/NACK requirement shall be recalculated considering sTTI including different sTTI length on UL and DL is under discussion.

	7.16.3
	Interruptions with ProSe
	Interruption and ACK/NACK requirements to be recalculated considering sTTI including different sTTI length on UL and DL

	8.x
	Measurement reporting delay
	Change/clarify delay uncertainty 2 x TTIDCCH

	7.9
	Maximum Transmission Timing Difference in Carrier Aggregation
	Investigate possible power control issues due to time difference between pTAG and sTAG being a larger proportion of an sTTI


In addition, no impact was expected to the following requirements

· RRM requirements in idle mode 

· Timing advance adjustment accuracy

· Requirements of cell identification delay, measurement period, measurement accuracy and measurement gap

· Maximum receive time difference
· Autonomous timing adjustment

· Radio link monitoring
2 Discussion

In this section we consider the impact of the possibly affected requirements one by one, and discuss the necessary changes to 36.133.
7.1.2
S-PUCCH and S-PUSCH transmission timing requirements

In our understanding the needed changes are straightforward, since the same requirements are applicable as for PUCCH and PUSCH. This is done by simply adding sPUCCH and sPUSCH to the requirements as follows:
	7.1
UE transmit timing

7.1.1
Introduction
The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE shall be configured with a pTAG containing the PCell. The pTAG may also contain up to four SCells, if configured. The UE capable of supporting multiple timing advances [2] may also be configured with one or two serving cells with uplink in one or two sTAG and pTAG.

The other downlink SCell(s), if configured, will be contained in either the pTAG or the sTAG(s). In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. When the UE capable of supporting multiple timing advance [2] is configured with one or two sTAG(s), the UE shall use an activated SCell from the sTAG for deriving the UE transmit timing for cells in the sTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to all TAGs. 

The UE capable of supporting dual connectivity shall be configured with one pTAG and may also be configured with one psTAG. The pTAG shall contain the PCell and may also contain one SCell, if configured. The psTAG shall contain the PSCell and may also contain one SCell, if configured. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for pTAG, and in psTAG, UE shall use the PSCell as the reference cell for deriving the UE transmit timing for psTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to both TAGs.

The UE supporting carrier aggregation with FS3 SCells shall be configured with one pTAG. The pTAG shall contain the PCell and may also contain up to four FS3 SCells, if configured. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for FS3 SCells. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to pTAG.

7.1.2
Requirements
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX, eDRX_CONN cycle for PUCCH, PUSCH, sPUCCH, sPUSCH and SRS or it is the first transmission after RACH-less handover or it is the PRACH transmission. 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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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.

Table 7.1.2-1: Te Timing Error Limit
Downlink Bandwidth (MHz)

Te_
1.4
24*TS
≥3
12*TS
Note:
TS is the basic timing unit defined in TS 36.211

When it is not the first transmission in a DRX or eDRX_CONN cycle or there is no DRX or no eDRX_CONN cycle, and when it is the transmission for PUCCH, PUSCH, sPUCCH, sPUSCH and SRS transmission or it is not the first transmission after RACH-less handover, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied. 
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.
If the transmission timing difference after such adjustment is bigger than the maximum transmission timing difference UE may stop adjustment in this TAG. The reference timing shall be 
[image: image4.wmf]s

offset

TA 

TA_Ref

)

(

T

N

N

´

+

 before the downlink timing of the reference cell. All adjustments made to the UE uplink timing under the above mentioned scenarios shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.

2)
The minimum aggregate adjustment rate shall be 7*TS per second.

3)
The maximum aggregate adjustment rate shall be Tq per 200ms.

where the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2.

Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
Downlink Bandwidth (MHz)

Tq_
1.4
17.5*TS
3
9.5*TS
5
5.5*TS
(10
3.5*TS
Note: TS is the basic timing unit defined in TS 36.211




Proposal 1 : Section 7.1.2 is updated to include timing requirements for sPUCCH and sPUSCH
7.3.2.1
TA adjustment delay for reduced processing time with 1ms TTI.
The issue described in [2] is the requirement for adjusting uplink transmission time in response to a TA command, which is currently specified to occur at subframe n+6

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.

With legacy HARQ timing A TA command is sent in a MAC Control Element encapsulated in PDSCH. Considering the legacy HARQ timing feedback delay of 4ms (n+4), the PDSCH processing takes up to (3ms - max TA). In addition, there is a 2ms extra margin assumed for the TA command, considering that the received TA command in subframe n is to be applied for subframe n+6. This means that the assumed processing time for the TA command is 5ms – max TA of 0.667ms ~ 4.33ms.

For short TTI, the maximum TA will be reduced and also DL HARQ feedback and UL grant to UL data delay will be reduced. There is no agreement in RAN1 yet, but under discussion are the possible timings: n+6 sTTI for 2os sTTI and n+4 sTTI for slot TTI. Taking these as examples:

A TA command encapsulated in a 2os long sPDSCH would then require 5 * (2os) – new max TA + margin 

A TA command encapsulated in a 1 slot sPDSCH would then require 3 * (slot) – new max TA + margin

Once RAN1 concludes on HARQ timing and maximum TA, the requirements should be changed accordingly. 

In addition, RAN4 should reconsider whether the margin of 2ms can be tightened, since it becomes a predominant part of the overall TA processing time. 

Proposal 2: Depending on RAN1 decision, TA adjustment delay timing requirement is updated for reduced processing time with 1ms TTI.
7.7
SCell activation and deactivation delay

This was discussed but not concluded in RAN4#82bis. There are two areas in which improvements to the minimum requirements for SCell activation could be considered. Firstly, the UE should be able to receive and decode the MAC CE command more rapidly to perform the activation. Secondly, the activation delay ends when the UE transmits a CQI report, and faster CQI feedback is considered in the work item. Such improvements can be expected both for 1ms TTI with reduced processing time, and also when sTTI is used. Considering the use of 1ms TTI, 2ms improvement in SCell activation can be expected (1ms from the decoding of the MAC CE command, and 1ms from the CQI feedback). Although this improvement in minimum requirement is less than 10% of the total activation time, still we believe this is significant and it essentially comes at zero additional cost once the other layer 1 features of sTTI and reduced processing time are implemented. One discussion which took place during RAN4#82 was that that RAN4 specifies the minimum requirement for SCell activation, and for UEs which perform better than minimum requirement, the system may benefit from this by getting the non-zero CQI report more quickly and thus being able to schedule data on the SCell. While we agree with this comment, the worst case activation time still needs to be taken into account in the eNB design, since the eNB needs to wait until at least subframe n+24/n+34 before it is able to conclude that an SCell activation has failed. Hence, it is still beneficial to specify better minimum requirements since the eNB is able to identify failed SCell activations and initiate recovery procedures (such as resending the MAC CE command, deconfiguring and reconfiguring CA etc.) more quickly.

Since the requirement is currently specified in terms of subframes, we propose that for all cases where reduced processing time applies (both 1ms and sTTI), the requirements are modified as

Proposal 3 : Specify 22ms activation time for known Scells, 32ms activation time for unknown Scells and 7ms deactivation time when reduced processing time is in use either with sTTI or 1ms TTI.   
	7.7.2
SCell Activation Delay Requirement for Deactivated SCell

The requirements in this section shall apply for the UE configured with one downlink SCell. The requirements in this section are applicable for E-UTRA FDD, E-UTRA TDD and E-UTRA TDD-FDD carrier aggregation.

The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+Tact,known provided the following conditions are met for the SCell:

-
During the period equal to max(5 measCycleSCell, 5 DRX cycles) before the reception of the SCell activation command:

-
the UE has sent a valid measurement report for the SCell being activated and

-
the SCell being activated remains detectable according to the cell identification conditions specified in section 8.3.3.2,

-
SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 8.3.3.2.

Otherwise upon receiving the SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+Tact,unknown provided the SCell can be successfully detected on the first attempt.

If there is no reference signal received for the CSI measurement over the delay corresponding to the minimum requirements specified above, then the UE shall report corresponding valid CSI for the activated SCell on the next available uplink reporting resource after receiving the reference signal.

The SCell activation delay specified in this section can be extended with each SRS carrier based switching to any carrier occuring during the SCell activation procedure.

If there are no uplink resources for reporting the valid CSI in subframe n+Tact,known or n+Tact,known or uplink transmission is interrupted due to SRS carrier based switching then the UE shall use the next available uplink resource for reporting the corresponding valid CSI.

The valid CSI is based on the UE measurement and corresponds to any CQI value specified in [3] with the exception of CQI index = 0 (out of range) provided:

-
the conditions in section 7.7 are met over the entire SCell activation delay and 

-
the conditions for CQI reporting defined in Section 7.2.3 of [3] are met.
In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in [17] for an SCell at the first opportunities for the corresponding actions once the SCell is activated.

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when PCell belongs to E-UTRA FDD.

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when PCell belongs to E-UTRA TDD.

Starting from the subframe specified in section 4.3 of [3] and until the UE has completed the SCell activation, the UE shall report CQI index = 0 (out of range) if the UE has available uplink resources to report CQI for the SCell.
Tact,known is specified as 24 subframes if legacy processing time is configured, and 22 subframes if reduced processing time is configured 
Tact,known is specified as 34 subframes if legacy processing time is configured, and 32 subframes if reduced processing time is configured 

7.7.3
SCell Deactivation Delay Requirement for Activated SCell

The requirements in this section shall apply for the UE configured with one downlink SCell. The requirements in this section are applicable for E-UTRA FDD, E-UTRA TDD and E-UTRA TDD-FDD carrier aggregation.

Upon receiving SCell deactivation command or upon expiry of the sCellDeactivationTimer in subframe n, the UE shall accomplish the deactivation actions specified in [17] for the SCell being deactivated no later than in subframe n+ Tdeact 

.

The SCell deactivation delay specified in this section can be extended with each SRS carrier based switching to any carrier occuring during the SCell deactivation procedure.

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when PCell belongs to E-UTRA FDD.

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when PCell belongs to E-UTRA TDD.
Tdeact is specified as 8 subframes if legacy processing time is configured, and 7 subframes if reduced processing time is configured 


9.1.8
Power headroom
Power headroom should be estimated over one uplink TTI interval, which may either be 1 subframe (legacy or reduced processing time with 1ms case) or an sTTI duration.

Proposal 4 : Power headroom should be estimated over one uplink TTI interval, which may either be 1 subframe (legacy or reduced processing time with 1ms case) or an sTTI duration
	9.1.8.1
Period

The reported power headroom shall be estimated over the configured uplink TTI/sTTI interval.

When extendedPHR is not configured [17], the Type 1 power headroom shall be estimated for the primary serving cell as defined in clause 5.1.1.2 in TS 36.213 [3].
When extendedPHR is configured [17], the Type 1 and Type 2 power headroom shall be estimated for each activated serving cell with configured uplink as defined in clause 5.1.1.2 in TS 36.213 [3].



8.1.2.2.3.1, 8.1.2.2.4.1, 8.1.2.3.5.1, 8.1.2.3.6.1
Identification of a new CGI of E-UTRA cell with autonomous gaps

This is covered in a separate contribution on interrupt based requirements

7.16.3
Interruptions with ProSe

This is covered in a separate contribution on interrupt based requirements

8.x
Measurement reporting delay
Based on discussion in RAN4#82, it appears that this issue can be addressed by updating the reporting delay uncertainty to clarify that this may refer to either TTI or sTTI as appropriate. An example of the possible change is shown below:
	8.1.2.2.1.1.1.3
Event Triggered Reporting

Reported RSRP, RSRQ, and RS-SINR measurements contained in event triggered measurement reports shall meet the requirements in sections 9.1.2.1, 9.1.2.2, 9.1.5.1, and 9.1.17.2.1, respectively.

The UE shall not send any event triggered measurement reports, as long as no reporting criteria are fulfilled.

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 where TTIDCCH is the duration of the TTI or sTTI in use by the UE for the uplink measurement report.This measurement reporting delay excludes a delay which caused by no UL resoureces for UE to send the measurement report.

The event triggered measurement reporting delay, measured without L3 filtering shall be less than T identify intra defined in Clause 8.1.2.2.1.1. When L3 filtering is used or IDC autonomous denial is configured or the UE is performing reception and/or transmission for ProSe Direct Discovery and/or ProSe Direct Communication, or the UE is configured to perform SRS carrier based switching, an additional delay can be expected.

If a cell which has been detectable at least for the time period Tidentify_intra defined in clause 8.1.2.2.1.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again and triggers an event, the event triggered measurement reporting delay shall be less than TMeasurement_Period, Intra provided the timing to that cell has not changed more than ( 50 Ts and the L3 filter has not been used. When L3 filtering is used or IDC autonomous denial is configured or the UE is performing reception and/or transmission for ProSe Direct Discovery and/or ProSe Direct Communication, or the UE is configured to perform SRS carrier based switching, an additional delay can be expected.



7.9
Maximum Transmission Timing Difference in Carrier Aggregation
In [3], a potential issue is raised that in the current specification, the maximum uplink transmission timing difference between the pTAG and the sTAG is 32.47µs. With a 2 OS symbol TTI the TTI length is approximately 143us, 32.47us time difference occupies about 23% of the whole sTTI.
Power control procedures for 2UL carrier aggregation are described in 36.213. If the UE is configured with PUCCH-SCell, the dual connectivity procedure in section 5.1.4. Although the time difference in terms of percentage of the sTTI is longer which may impact system level performance, the power control procedures are well defined. Moreover, the 32.47 µs limitation arises from deployment considerations and the eNB does not know what the actual time difference is at the UE transmitter. Hence, if the requirements for maximum transmission time difference are reduced when sTTI is used, the only safe way of ensuring that UEs work correctly is to avoid the use of sTTI in deployments where the time difference may potentially exceed the specified maximum transmission timing difference.
Since there appears to be no functional problem with operating 32.47 µs timing offset and the UE power control behaviour is well defined we propose that sTTI may be operated with a transmission time difference of up to 32.47 µs. There are various system reasons why 2 OS operation is not so suitable for cell edge UEs, and with a large time difference a UE is likely to be operating at the edge of the PCell (for example with RRH SCell), but 2OS operation is not excluded for other reasons for cell edge UEs and it does not seem necessary to limit the transmission time difference in carrier aggregation either.

Proposal 4 : 32.47 µs transmission time difference in carrier aggregation is supported with sTTI 
3 Conclusions

In this contribution we discuss RRM aspects of sTTI and reduced processing time and make the following proposals
Proposal 1 : Section 7.1.2 is updated to include timing requirements for sPUCCH and sPUSCH
Proposal 2: Depending on RAN1 decision, TA adjustment delay timing requirement is updated for reduced processing time with 1ms TTI.
Proposal 3 : Specify 22ms activation time for known Scells, 32ms activation time for unknown Scells and 7ms deactivation time when reduced processing time is in use either with sTTI or 1ms TTI.   

Proposal 4 : 32.47 µs transmission time difference in carrier aggregation is supported with sTTI 
A separate contribution discusses the impact from sTTI and reduced processing time to interruption based requirements.
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