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1 Introduction

The processing delay requirements for RRC procedures are defined in sub-clause 11.2 of 36.331[1], however they are for UEs other than NB-IoT UEs:
	The UE performance requirements for RRC procedures are specified in the following table for UE other than NB-IOT UEs, by means of a value N:


RRC includes processing delay requirements for LTE so the eNB knows when it can schedule an UL grant for responses to RRC messages processed by the UE.  In NB-IoT no such processing delay requirements exist, so the eNB does not know when to schedule UL grants for replies.  

If the eNB does not know when to schedule the UL grant there could be wasted network resources and high UE power consumption when responding to those UL grants if scheduled before a reply is ready, or the eNB can wait longer before scheduling the UL grant adding latency.
At RAN2#95 there was some initial discussion and an email discussion triggered for defining the start, end and time of the RRC processing delays and the summary of the email discussion is in R2-166315[2].
This contribution discusses, taking into account comments from RAN2#95, the RRC processing delays for NB-IoT UEs and presents 2 options depending upon the timing reference for calculating the RRC processing delays. 
2 Discussion
2.1 Processing Delay Calculation

In LTE the calculation of the processing delays is calculated in the number of 1ms subframes from the end of reception of the DL message to when the UE is ready to receive an UL grant for the response.

For NB-IoT after the UE has received the DL transmission there is a minimum processing delay to allow the UE to decode the received NPDSCH DL transmission. Until the DL transmission has been decoded its payload, including RRC messages, cannot be processed.

Observation 1: The UE cannot perform higher layer processing on a received message until NPDSCH decoding has completed.

After the UE has successfully decoded the NPDSCH DL transmission it transmits a HARQ ACK in NPUSCH.  The HARQ ACK/NACK is scheduled by the same NPDCCH that scheduled the DL transmission, and the minimum internal between the end of the NDPSCH and ACK/NACK is 12 sub frames.

While this ACK/NACK transmission is taking place the UE can process the received DL message. Therefore this processing time for NPDSCH decoding needs to be taken into account when considering the complete processing time from the end of the DL transmission to the NPDCCH to schedule the UL grant for the response.

There are 2 ways that this can be taken into account:

1) The time for the delays is taken from the end of the NPDSCH DL transmission and the NPDSCH decoding delay is included in the total RRC processing time.

2) The time for the delays it taken from the NPUSCH ACK/NACK transmission, either from the first repetition at the start or at the end after the last repetition.

Figure 1 shows an overview from NPDSCH DL (green), the NPUSCH ACK/NACK transmission (yellow) to NPDCCH (blue).  The darker grey shows the minimum scheduling times.
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Figure 1 Overview of RRC Processing Start Delay Start Time
We think that both options can work.  Option 2 we believe means that the RRC Processing Delay is a true higher layer processing delay, whereas option 1 includes both NPDSCH decoding time and higher layer processing time.
The choice between the options needs to be related to the chosen RRC Processing Delay N values.

2.2 Processing Delay Time Calculation
The RRC processing delays for NB-IoT should be longer than the existing LTE values to support the principles of lower complexity, lower cost and lower power for NB-IoT UEs.

Following the principle from the physical layer, the processor speed used to process the RRC messages should be considered less than that of LTE, therefore the higher layer processing time should be increased, in addition to any allowance for NPDSCH decoding delay in the lower layers.

Generally with digital circuit design used for microprocessors the higher the clock speed of the circuits the more power they consume. As NB-IoT is targeting low power UEs this trade-off between digital clock speeds and power consumption needs to be maintained, therefore the RRC processing delay requirements for RRC messages needs to take this into account.

Observation 2: The RRC processing delays, after NPDSCH decoding, should be longer to allow for lower power consumption ICs.
If we take an example of N = 15 subframes, and the timing between NPDCCH search spaces (Rmax * G), only a small proportion of the search spaces (about 3%) are less than 15 milliseconds and around ~7% are less than 30 milliseconds.

A doubling of the existing LTE N values for NB-IoT, in addition to the NPDCCH decoding, will allow for the slower processing of the received RRC messages, including the required MAC/RLC processing, ASN.1 decoding, auctioning the message, including possible reconfiguration, ASN.1 encoding the response and passing it to RLC/MAC for UL transmission.

If the timer is started on average half way between search spaces (eg if Rmax*G = 64, then the timer is started at 32 subframes after the start of a search space) with an example N of 30, then only search spaces with intervals of less than 64ms will need to skip NPDCCH occasions and for intervals greater then 64ms there will be no change in timing.  About ~12% of all possible intervals between search spaces have an interval of less than 64ms.

Taking into account the intervals between search spaces there is little or no advantage in adding a smaller percentage to the N values for NB-IoT, as in most configurations the interval is much greater than the processing delay.

Observation 3: The existing scheduling delays, and even when doubled, are smaller than the majority of the NPDCCH intervals. 
2.3 Processing Delay Time Options

Taking into account the above observations and the link between the start time and the processing time value, we believe there are 2 options available and outlined in the following sections.

2.3.1 From NPDSCH

The RRC Processing Delay is calculated from the end of the NPDSCH DL message, and the lower layer decoding is taking into account in the delay time. The processing time start and stop times are represented by Figure 2.
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Figure 2 Start and end time when NPDSCH decoding is included in the RRC Processing Delay
Table 1 proposes processing delay requirements for the NB-IoT procedures, when the NPDSCH decoding times are included.  The existing N values have been doubled from LTE to account for the lower processing power and 12 added to account for lower layer NPDSCH decoding time.
	Procedure title:
	E-UTRAN -> UE
	UE -> E-UTRAN
	N
	Notes

	RRC Connection Control Procedures

	RRC connection establishment


	RRCConnectionSetup or RRCConnectionResume
	RRCConnectionSetupComplete or RRCConnectionResumeComplete
	42

	

	RRC connection re-configuration (radio resource configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	42
	

	RRC connection re-establishment


	RRCConnectionReestablishment
	RRCConnectionReestablishmentComplete
	42
	

	Initial security activation
	SecurityModeCommand
	SecurityModeCommandComplete/SecurityModeCommandFailure
	32
	

	Initial security activation + RRC connection re-configuration (RB establishment)
	SecurityModeCommand, RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	52

	The two DL messages are transmitted in the same TTI

	Other procedures

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	32
	


Table 1 RRC Processing Delays Requirements for NB-IoT
2.3.2 From ACK/NACK

The RRC Processing Delay is calculated from the end of the NPUSCH ACK transmission, and the lower layer NPDSCH decoding is not taking into account in the delay time. The processing time start and stop times are represented by Figure 3.
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Figure 3 Start and end time RRC Processing Delay does not include NPDCCH decoding delay
Table 2 proposes processing delay requirements for the NB-IoT procedures, when the NPDCCH decoding times are not included.  The existing N values have been doubled from LTE values.

	Procedure title:
	E-UTRAN -> UE
	UE -> E-UTRAN
	N
	Notes

	RRC Connection Control Procedures

	RRC connection establishment


	RRCConnectionSetup or RRCConnectionResume
	RRCConnectionSetupComplete or RRCConnectionResumeComplete
	30

	

	RRC connection re-configuration (radio resource configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	30
	

	RRC connection re-establishment


	RRCConnectionReestablishment
	RRCConnectionReestablishmentComplete
	30
	

	Initial security activation
	SecurityModeCommand
	SecurityModeCommandComplete/SecurityModeCommandFailure
	20
	

	Initial security activation + RRC connection re-configuration (RB establishment)
	SecurityModeCommand, RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	40

	The two DL messages are transmitted in the same TTI

	Other procedures

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	20
	


Table 2 RRC Processing Delays Requirements for NB-IoT

Proposal 1: RAN2 to choose either to include NPDSCH decoding or not and select the related diagram and table of RRC Processing delays (Figure 2 & Table 1 if included, Figure 3 & Table 2 if not).
3 Conclusion
In this contribution we examine the existing procedures for RRC processing delay start time options, taking into account the lower layer processing requirements, and the higher layer processing capabilities and make the following observations:

Observation 1: The UE cannot perform higher layer processing on a received message until NPDSCH decoding has completed.

Observation 2: The RRC processing delays, after NPDSCH decoding, should be longer to allow for lower power consumption ICs.
Observation 3: The existing scheduling delays, and even when doubled, are smaller than the majority of the NPDCCH intervals. 
And we make the following proposal:

Proposal 1: RAN2 to choose either to include NPDSCH decoding or not and select the related diagram and table of RRC Processing delays (Figure 2 & Table 1 if included, Figure 3 & Table 2 if not).
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