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1 Introduction

At RAN2#95 there was some discussion about NB-IoT RRC Processing Delays and the following agreements were made:
	· Agree to specify the processing delays for NB-IoT.

· We have an email discussion and we can also discuss the RRC release behaviour incl the timer to allow for sending feedback.

· Email discussion to next meeting (Neul), on processing delays, including start-stop definitions and values. 


And the following email discussion was agreed to be held:

	[95#39][NB-IoT] RRC processing delays.(Neul) 


Intended outcome: Email discussion report


Deadline: Thursday 22/09/2016


This is the summary of the email discussion [95#39][NB-IoT] about RRC Processing Delays.

2 RRC Processing Delays
2.1 Processing Delay Start Time
The RRC processing delay in subclease 11.2 of 36.331[1] is measured as:
the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).
And is represented in 36.331 figure 11.2-1 as:
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In RAN1 for NB-IoT there is a processing delay after receiving NPDSCH to allow processing time for the received NPDSCH in the lower layers before an ACK/NACK transmission is scheduled. The agreements about processing delay are embodied in the scheduling for ACK/NACK in “HARQ-ACK resource” field of DCI format N1 defined in 36.212 subclause 6.4.3.2, which has a minimum gap of 12 subframes.
When considering when to start the processing delay 3 possible options are considered:

Option 1:

The RRC processing delay calculation is from the end of the NPDSCH (as for LTE). Any additional lower layer processing delays for NB-IoT should be taken into account in the RRC processing time values:
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Option 2:

The RRC processing delay times are from the end of the NPDSCH DL transmission plus 12 milliseconds, so that the lower layer processing delays are not taken into account in the RRC processing time values:
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Option 3:

The RRC processing delay times are from the end of the PUSCH ACK/NACK transmission following the NPDSCH DL transmission and the lower layer times are not taken into account in the RRC processing time values:

[image: image4.emf]RRC DL 

command

UL Grant

RRC UL 

response

RRC procedure delay

DL

UL

ACK


Companies are requested to provide their preferred option and any additional comments in the table below:
	Company name
	Preferred option for start time

	ZTE

	Option 3.
Considering that the transmission delay for ACK could be long due to large repetitions for enhanced coverage levels, it looks reasonable for option 3.
For option 1 and option 2, it could be difficult to give suitable values for the processing delay values considering the influence of different repetitions for different coverage levels.

	Huawei, HiSilicon

	Option 2 or 3 is preferred but we have not strong between these options, as they both remove the L1 processing times from the RRC processing delays and provide a well-defined point in time to measure/test the timing from.

	Ericsson

	Option 1: Preference to keep it simple and re-use the existing framework. It is also not clear what is the benefit of modelling the lower layer latencies, where in the end the overall delay is only relevant. Whether the lower layer processing and the RRC processing is done in parallel or consecutive can be left to UE implementation? The main purpose is for the eNB to know when it can schedule the UL grant for the RRC response message.

	CATT

	Since the start time of the transmission of PUSCH ACK/NACK depends on scheduling and the PUSCH ACK/NACK transmission duration depends on UE’s coverage level, it is hard to define RRC procedure delay with a reasonable value using option1 or option 2. We prefer option 3.

	Qualcomm

	Option 1. RRC processing time should be in relation to RRC DL message not L1 activities.

	Nokia 

	Option 1. We think that legacy LTE way of modelling RRC delay can be re-used in NB-IoT. We don’t see the benefits to separate RRC and lower layer processing delays.


Table 1 Companies views on options for start time
2.2 Representing Delay until UL Grant
In NB-IoT the NPDCCH for the UL grant for the response may not start immediately after the processing time, due to, for example, the NPDCCH occasion alignment, and therefore there is a variable time between the end of processing delay and the NDPCCH.
2 options are considered for representing the variability after the RRC processing delay until the next NPDCCH with a response UL grant:
Option 1:

The delay to the next NPDCCH is not shown, but it is noted that the NPDCCH with UL grant may not occur immediately after the processing delay:

[image: image5.emf]RRC DL 

command

U

L

 

G

r

a

n

t

RRC UL 

response

RRC procedure delay

DL

UL


Option 2: 

The delay to the next NPDCCH is represented and it is noted that the NPDCCH with UL grant may not occur immediately after the processing delay, with the time between PDDCH occasions (PDCCH period) shown as pp in the diagram:
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Companies are requested to provide their preferred option and any additional comments in the table below:

	Company name
	Preferred option for representing delay until UL grant

	ZTE

	Option 1.
There is no need to specify “pp”; from UE perspective it only expects NPCCH with UL grant after this RRC procedure delay and the procedure delay could be the minimum requirement.

	Huawei, HiSilicon

	We believe that it should be clear that the NPDCCH with an UL grant not occur at exactly the end of the RRC processing delay and this time is not part of the processing requirement,

If this is clear then either of the 2 options showing the end of the RRC procedure delay are ok. We think option 1 is a simpler diagram, but a note, or similar should be included as a reminder.

	Ericsson 

	Option 1: Do not see a strong need to depict this explicitly in the figure, i.e. it can be added as one of the “access delay” reasons.

	CATT

	The delays caused by scheduling should not be considered here which has been clearly described in the definition of RRC processing delay. We prefer option 1.

	Qualcomm

	Option 1. Only necessary to specify time from reception of RRC message to where UE starts to monitor PDCCH.

	Nokia
	Option 1. 


Table 2 Companies views on how to represent delay until UL grant
2.3 Processing Delay Times
At RAN2#95 it was agreed to define the RRC processing delays for NB-IoT.  The 7 procedures which are applicable for NB-IoT are shown in Table 3 along with the existing LTE processing times, where defined.

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

	RRC Connection Control Procedures

	RRC connection establishment


	RRCConnectionSetup
	RRCConnectionSetupComplete
	15

	

	RRC connection re-configuration (radio resource configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	15
	

	RRC connection re-establishment


	RRCConnectionReestablishment
	RRCConnectionReestablishmentComplete
	15
	

	Initial security activation
	SecurityModeCommand
	SecurityModeCommandComplete/SecurityModeCommandFailure
	10
	

	Initial security activation + RRC connection re-configuration (RB establishment)
	SecurityModeCommand, RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	20

	The two DL messages are transmitted in the same TTI

	RRC connection resume
	RRCConnectionResume
	RRCConnectionResumeComplete
	
	

	Other procedures

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	10
	


Table 3 LTE RRC Processing Delays for procedures applicable for NB-IOT
When defining the delay values, the result of the processing start time discussion above may also need to be considered, for example the difference between including PDSCH decoding delays or not (options 1 and 2/3 from start time discussion above).
During the online discussion of R2-164889[2] captured in the report from the IoT breakout sessions[3] there was no feedback captured on the actual values.  The values from [2] are shown Table 4 and did not consider any L1 processing after the PDSCH transmission, therefore depending upon the start time discussion additional L1 time may be required. 

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

	RRC Connection Control Procedures

	RRC connection establishment


	RRCConnectionSetup
	RRCConnectionSetupComplete
	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

	RRC connection resume
	RRCConnectionResume
	RRCConnectionResumeComplete
	40
	

	Other procedures

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	20
	


Table 4 RRC Processing Delay proposal from R2-164889.

Companies are asked to provide feedback on RRC Processing Delay values in the table below:
	Company name
	Companies views on NB-IoT RRC Processing Delay values

	ZTE

	No need to extend RRC Processing Delay values.

If the processing delay starts from the end of the PUSCH ACK transmission, we think existing RRC Processing Delay values is enough, since the revised processing delay only need to care about the delay for ACK delivery and the handling time for eNB for ACK which should not be too long.

	Huawei, HiSilicon

	The RRC values proposed are ok.  We assume that if the lower layers processing delays are to be included in the RRC processing delays all the N values will be increased by 12.

	Ericsson

	The NB-IoT device may have a reduced processing capacity, and therefore require a longer RRC processing delay. In our view this RRC processing delay should include an NPDSCH processing delay. 

It is also advantageous to not set these values too high, i.e. to limit the UE power consumption. Doubling the values could be fine from our side, but it would be good to discuss the minimum acceptable values.

	CATT

	As the complexity NB-IoT device is reduced the process delay needs to be extended. To set the delay values high allows more device manufactures to be involved in NB-IoT industry which is the most critical problem at this stage. We prefer to set the delay values high.

	Qualcomm

	For NB-IoT doubling RRC processing time is ok (as depicted in Table 4) provided option 1 is selected for question 1 (Table 1) & 2 (Table 2)

	Nokia
	Agree NB-IoT UE may have a reduced processing capacities and longer RRC processing delays than in LTE may be needed.


Table 5 Companies views on RRC Processing Delay Values
3 RRCConnectionRelease Acknowledgement Time
In RRC[1] subclause 5.3.8.3 the first processing step for RRCConnectionRelease delays the processing of the subsequent steps by either 60ms or until notification from the lower layers that the RRCConnectionRelease message has been successfully acknowledged, whichever is sooner:
	1>
delay the following actions defined in this sub-clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;


The 60ms delay in LTE provides enough time to transfer the acknowledgement for RRCConnectionRelease, however considering the timing of PDCCH occasions, transmission times, etc, taking into account the high numbers of repetitions possible in NB-IoT 60ms does not provide enough time to schedule and transfer the acknowledgement in a high percentage of scenarios.
If the UE leaves RRC_CONNECTED after 60ms in a high percentage of scenarios the eNB will not know whether the UE has successfully received RRCConnectionRelease, which may result in undesired behavior (eg some recovery mechanism) in either the UE or eNB depending upon whether RRCConnectionRelease was successfully received or not.  The eNB should take into account the possibility of the timer expiring in the UE in exceptional circumstances, but it should not be the normal course of action.
Therefore consideration of the 60ms for NB-IoT is required. The setting this value is similar to many other timers in NB-IoT where there is a wide range of possible values to account for the different number repetitions.

Some possible values, including some simple analysis is provided below. The list is not indented to be exhaustive.
· 600ms. A simple multiplication of the existing time and may allow time for acknowledgement in more cases, but not all cases.
· 6000ms. A simple multiplication of the existing time and may allow time for acknowledgement in some, but not all cases, as it is still less than the maximum NPDCCH interval (~10 seconds) and may not account for high number of NPUSCH repetitions.
· 25 seconds. Matching the default t-PollRetransmit time (compared to 45ms in LTE) and should allow time for acknowledgement most cases, but may only provide a small number of opportunities in many cases, considering transmission times and NDPCCH intervals. 
· Much longer times, perhaps aligned with the NAS retransmission timers. This would allow time for multiple opportunities in all cases, but may keep the UE connected for long periods monitoring many NPDCCHs especially if the NPDCCH internal is small.
Companies are invited to discuss a suitable values for NB-IoT in the table below:
	Company name
	Companies views on RRCConnectionRelease acknowledgment time

	ZTE

	600ms.
Considering that this time is only a protection mechanism, we think there is no need to have big values (e.g. too long time value may cause UE to keep in connected mode unnecessarily), 600ms should be enough for at least one transmission for most cases.

	Huawei, HiSilicon

	We see the timer as a guard for exceptional and unexpected failures and should be long enough to allow some retransmission in the lower layers, including conditions that require a high number of repetitions.

We think that a value of 60 seconds is suitable to allow for acknowledgement and retransmission, if required, in the lower layers in extreme coverage scenarios. As these are rare and exceptional conditions, we don’t believe there will be any impact to battery life of the UE.

	CATT

	The time for transmission of acknowledgement depends on the UE’s coverage level. The maximum NPDCCH interval is up to 10 seconds and the maximum NPUSCH interval is up to 5 seconds. Scheduling delay needs to be considered here. The default value of t-PollRetransmit 25 seconds can be used for all UEs.

	Qualcomm

	This timer is really a guard timer hence needs to be sufficiently long to allow for RLC Ack transmission but needs to to short to avoid unnecessary long delay in allowing UE to return to idle. For this reason we think this timer value does not need to longer than 10 seconds.


Table 6 Companies views on RRCConnectionRelease delay time
4 Email Discussion Result
In total 6 companies took part in the email discussion: ZTE, Huawei et al, Ericsson, CATT, Qualcomm and Nokia. The following sections provide an overview of the responses to each of the questions and related proposals.

4.1 Processing Delay Start Time Result
6 companies responded to the Processing Delay Start Time question with 3 preferring option 1 (Ericsson, Qualcomm and Nokia), 2 companies preferring option 3 (ZTE and CATT) and one company (Huawei et al) preferring option 2 or option 3.

The difference in views relates to whether to start the RRC timers and the end of the DL transmission (matching legacy) or after the HARQ ACK, to avoid trying to model the lower layer scheduling / repetition delays.
Given the equal split between option 1 and option 3, and its relationship with the processing time times, no explicit proposals are made here, but rather it should be discussed along with Processing Delay Time discussion.

4.2 Representing Delay until UL Grant Result

6 companies responded to the Representing Delay until UL Grant question with all companies preferring or indicating that option 1 (not to show them) is acceptable.  It was also noted (by Ericsson) or requested (by Huawei et al) that the possible delay to NPDCCH could/is included in the text in the subclause in 36.331.

Therefore the end time to the UL grant and RRC UL response is can be represented as shown in the diagram below:
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Proposal 1: The delay to NPDCCH for the UL grant is not represented and the text in 36.331 for NB-IoT RRC Processing Delays includes a reference to the variability. 
4.3 Processing Delay Times Result

Six companies responded, with 4 companies (Huawei et al, Ericsson, CATT and Nokia) noting the lower processing requirements of NB-IoT and therefore the need to extend the RRC Processing delays in their responses.  It was also noted by Ericsson that the processing time should not be set the values too high as that could also have negative impact on power consumption.
There is still a large possible range of total processing times from the end of the downlink to the PDCCH for response uplink grant.
For the smallest LTE value of N of 10 (Initial security activation), the times, taking into account the minimum times between NPDCCH and PUSCH and companies preferred start times the range is between 20 subframes (doubling the N value) and 32 subframes (doubling N value and allowing time for lower layer processing).
Proposal 2: RAN2 to continue discussion on the RRC processing delays required and their relationship to NPDSCH processing.

4.4 RRCConnectionRelease Acknowledgement Time Result

4 companies responded and the range of possible values is large.  Given the range of values discussed we feel that further discussion on the timer and its implications is required.

Proposal 3: RAN2 to continue discussion on the RRC Connection Release timer.

5 Summary of Proposals

The following proposals are made in this email discussion summary:

Proposal 1: The delay to NPDCCH for the UL grant is not represented and the text in 36.331 for NB-IoT RRC Processing Delays includes a reference to the variability. 
Proposal 2: RAN2 to continue discussion on the RRC processing delays required and their relationship to NPDSCH processing.

Proposal 3: RAN2 to continue discussion on the RRC Connection Release timer.
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