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1 Introduction
In RAN4#81, discussion started on the sTTI and reduced processing time core work item including RRM. 3 technical contributions were presented on the RRM requirements impact [1]

 REF _Ref471974810 \r \h 
[2]

 REF _Ref471974813 \r \h 
[3] and a workplan was approved[4]. According to the workplan, the following tasks are identified for RAN4#82
	RAN4#82
· Agree on the list of RRM requirements impacted by STTI and processing time reduction
· Initial discussion on the requirement values


2 Discussion

The first task for RAN4#82 is to identify the potential impacts to RRM requirements from sTTI and processing time reduction. Merging the issues raised in [1]

 REF _Ref471974810 \r \h 
[2] and [3] gives the following list, where for simplicity proposals indicating no impact have been omitted from the list
	From [1]
· Gap based measurement requirements are checked to verify if the definition of a gap is consistent with sTTI.

· Reuse of PUSCH and PUCCH requirements for S-PUCCH and S-PUSCH should be checked

· RAN4 discusses the approach for MRTD requirements for different TTIs eg scaling

· RAN4 discusses the applicablity of the MRTD approach to dual connectivity related to the boundary between synchronous and asynchronous dual connectivity 

· 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.

From [2]
· The impact of shortened TTI length to sections 7 and 8 of 36.133 needs to be studied further
From [3]
· TA Adjustment delay
-Depending on RAN1
· SCell Activation and Deactivation Delay
· Measurement Aspects
-may need some clarification
· PHR mapping
-Depending on RAN1



Of course, this list is based on an initial analysis by companies and may not be exhaustive, however it gives a good starting point for agreement on the list of impacted requirements. We discuss each of these areas
From [1]
Gap based measurement requirements are checked to verify if the definition of a gap is consistent with sTTI.

The definition of a gap in 36.133 refers to text in section 8.1.2.1. When checking this text, the duration of a gap is specified in units of milliseconds, and any special handling around the gap (such as UL subframe after measurement gap) is specified by subframe. Hence, if sTTI is used then we think it is clear from current definition that the UE shall not transmit, and is not expected to tune its receiver(s) to serving cells that also sTTI is not transmitted or receive. Moreover, if the UE cannot receive PDCCH at the start of a subframe, then it also cannot receive any sPDCCH transmission during that subframe. The duration of a gap is determined by the PSS/SSS/CRS signal structure of the neighbour cell, and so there is no scope to use shorter measurement gaps directly arising from sTTI.
Hence we believe that gap definition does not need to be updated.

Proposal 1 : Existing RAN4 definition of measurement gap is consistent with sTTI
Reuse of PUSCH and PUCCH requirements for S-PUCCH and S-PUSCH should be checked

Timing requirements are needed for the new UE uplink channels (S-PUCCH and S-PUSCH). Our view is 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 2 : PUCCH and PUSCH timing requirements can also be applied to S-PUCCH and S-PUSCH
RAN4 discusses the approach for MRTD requirements for different TTIs eg scaling
Section 7.9 gives maximum receive time difference for inter-band CA and intra-band non-contiguous CA, and also specifies maximum uplink transmission time difference between pTAG and sTAG. Considering downlink CA, the 30.26uS requirement was derived considering 30uS from deployment considerations (eg RRH deployment for the SCell), and 260nS related to the eNB transmission alignment specified in 36.104. When the topic was discussed in RAN4#57, multiple proposals were considered for the deployment related factor before 30uS was settled. From a UE complexity perspective, the technical issue which was identified was cross-carrier scheduling – as described in [5]. The conclusion of [5] was that processing time was not reduced by the non collocated deployment of PCell and SCell.
	“In case of cross-carrier scheduling, UE receives PDCCH from PCell. Therefore, SCell reception cannot be started until PCell PDCCH reception. Therefore, UE is required to buffer SCell data. This buffer size is proportional to the time difference between macro and RRH. From UE complexity perspective, the smaller buffer is better.”


Based on this analysis, we now consider the impact of reduced processing time and sTTI. Since processing time is not further reduced by the non collocated deployment, we see no reason to limit the 30uS deployment factor considering the WI objectives for reduced processing time. For UE buffer size, the size of the soft decision buffer is generally reduced when sTTI is used. Hence, a UE which has a sufficient soft decision buffer to cope with 1ms TTI and 30uS delay in starting decoding should also have a sufficient buffer to cope with any sTTI length and 30uS delay in starting decoding – since the symbol rate is still 15ksps, the memory needed to cope with the 30uS delay is unaffected, and the memory needed to hold 1 TTI of received data prior to decoding is in fact reduced.
Based on these factors, our preliminary conclusion is that it may be unnecessary to scale MRTD requirements.

Rather similar considerations apply to UL CA, and we similarly propose that it may be unnecessary to scale MTTD requirements between pTAG and sTAG.

Proposal 3 : It is unnecessary to scale MTTD and MRTD according to sTTI length.
RAN4 discusses the applicablity of the MRTD approach to dual connectivity related to the boundary between synchronous and asynchronous dual connectivity 

As dual connectivity is not in the scope of the sTTI and processing time reduction work item this proposal is not discussed further. At any rate this is related to the MRTD discussion above, since the MRTD limit for CA is also the boundary between sync and asynchronous operation for dual connectivity.

· 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.

For both single carrier operation and CA, there appears to be an impact to interruption requirements. This is addressed in [6]
From [2]
· The impact of shortened TTI length to sections 7 and 8 of 36.133 needs to be studied further
While this proposal does not give specific details, we have evaluated sections 7 and 8 of 36.133. One area which could be impacted is interruption requirements which are typically specified in terms of an ACK/NACK rate which has been derived based on the assumption of 1ms TTI and legacy HARQ processing schemes. Interruption requirements are specified for

· Cell Global Identifier (CGI) reading in autonomous gaps

· Carrier aggregation, eg SCell activation, deactivation, and deactivated SCell measurement activities

· ProSe

Some more detailed consideration of the impact of sTTI and reduced processing time for these requirements is provided in [6]
From [3]
· TA Adjustment delay
The issue described in [3] 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 4 : Depending on RAN1 decision, TA adjustment delay timing requirement is updated for reduced processing time with 1ms TTI.
· SCell Activation and Deactivation Delay
As both HARQ processing time for 1ms TTI and CQI reporting delay are reduced, it seems feasible to reduce the SCell activation delay which is currently specified as n+24 for known cells and n+34 for unknown Scells. For example, the requirements maybe become n+22 and n+32 if 1ms is saved from the activation phase, and also 1ms is saved from CQI reporting delay. Deactivation delay and requirements for multiple Scells should also be updated.
Proposal 5 : Activation and deactivation delays should be updated to reflect decisions on processing delay for activation command and CQI reporting aspects.
· Measurement Aspects
Contribution [3] indicates “There is maybe some clarification for measurement report delay if the shortened TTI is configured.”. Our initial analysis is that 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 this time excludes the transmission of the measurement report over the air interface (which would potentially be faster for sTTI), no update seems necessary.

Proposal 6 : Clarification to measurement reporting delay definition may not be necessary
Proposal 6 is an initial view, and would depend on the content of the clarification

· PHR mapping
The discussion in RAN4#81 was that PHR mapping may need to be updated if RAN1 defines a different power control procedure or power headroom definition. In addition, from a RAN4 perspective, a 1 subframe measurement period is currently specified for PHR. . 
9.1.8.1
Period

The reported power headroom shall be estimated over 1 subframe.

…

If the eNB triggers PHR reporting in a sTTI UL grant, it seems natural that PHR should be measured in/for the corresponding UL sTTI. Hence updates appear necessary to the measurement estimation period.
Proposal 7 : Some update to PHR may be necessary
3 Conclusions

Some more detailed consideration of the impact of sTTI and reduced processing time for interruption requirements is provided in [6]. In this contribution we make the following proposals

Proposal 1 : Existing RAN4 definition of measurement gap is consistent with sTTI

Proposal 2 : PUCCH and PUSCH timing requirements can also be applied to S-PUCCH and S-PUSCH

Proposal 3 : It is unnecessary to scale MTTD and MRTD according to sTTI length.

Proposal 4 : Depending on RAN1 decision, TA adjustment delay timing requirement is updated for reduced processing time with 1ms TTI.

Proposal 5 : Activation and deactivation delays should be updated to reflect decisions on processing delay for activation command and CQI reporting aspects.

Proposal 6 : Clarification to measurement reporting delay definition may not be necessary

Proposal 7 : Some update to PHR may be necessary
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