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Discussion and Decision
1 Problem
For connected mode DRX the following longDRX-Cycle values are defined [1]:

sf256, sf512, sf1024, sf1536, sf2048, sf3072, sf4096, sf4608, sf6144, sf7680, sf8192, sf9216
The start location for a DRX cycle is determined using the same equation as for LTE and given by [2]:

[(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset
Given that the System Frame Number (SFN) has a range 0 – 1023, the following list of longDRX-Cycle values do not divide 10240 (i.e. number of subframes corresponding to the SFN range) evenly:


 sf1536, sf3072, sf4096, sf4608, sf6144, sf7680, sf8192, sf9216
What this means is that some DRX cycles will have shorter duration than other DRX cycles for the above longDRX-Cycle values. For example, if longDRX-Cycle length is sf9216 then every other DRX cycle will have shorter duration. For example, if drxStartOffset =0, then the condition is met when SFN * 10 +subframe number = 0 and when SFN *10 +subframe number = 9216 leading to a duration of only 1024 subframes between every other DRX cycle start. This means that UE needs to wake up (for OnDurationTimer) quicker and the opportunity for DRX becomes much shorter, resulting in increased power consumption. This is illustrated by top trace in Figure 1, where opportunity for DRX in Cycle 2 is much shorter than in DRX cycle 1. Per current specification onDurationTimer is never restarted, hence if the opportunity to start onDurationTimer occurs while onDurationTimer is running then that opportunity is omitted. This will result in a DRX pattern depicted by second trace in Figure 1. So, the actual DRX pattern then becomes dependent on DRX cycle length and onDurationTimer value (provided no RTT timer is running) and we don’t think this was the intended behaviour. Because of this there is a ‘potential confusion region’ (see Figure 1) where it is unclear if eNB would consider the UE is in active state or in inactive state because this region depends on the onDurationTimer.
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Figure 1: Uneven DRX Cycle lengths

Note that most of the values of longDRX-Cycle for NB-IoT result in un-even cycle durations. 
Observation 1: Un-even C-DRX cycle durations are possible in NB-IoT.

Observation 2: Un-even C-DRX cycle duration has the potential for UE and eNB to be out of sync.

2 Proposed solution

There are two ways to make the C-DRX cycles all evenly spaced and these two options are discussed in the following sub-sections.
2.1 Option 1 - Define new set of C-DRX values

The option is to replace the DRX cycle lengths that result in un-even DRX cycle durations with those that provide evenly spaced duration as follows (option 1.1):
drx-Cycle-r13 ENUMERATED { 

sf256, sf512, sf1024, sf1536sf1280, sf2048, sf3072sf2560, 

sf4096sf5120, sf4608sf10240, sf6144spare8, sf7680spare7, sf8192spare6, sf9216spare5, 

spare4, spare3, spare2, spare1},

As this requires non-backwards compatible ASN.1 changes, this is not recommended. Instead, a new IE can be defined to either provide the complete set of DRX cycle lengths that provide even spacing or only to replace some of the values that lead to uneven values (option 1.2).

drx-Cycle-v13xy ENUMERATED {sf1280, sf2560, sf5120, sf10240}

In our view, option 1.2 is preferable among these two sub-options. 

A UE capability indication would be needed for this and eNB can configure C-DRX using one of the new DRX-Cycle values provided UE signals support for these new values.

2.2 Option 2 – Modify equation to compute start of DRX cycle

Instead of changing ASN.1 to modify DRX cycle lengths, the equation to calculate the start of DRX cycle can be modified to take into account Hyper SFN (H-SFN) as follows (option 2.1):
[(H-SFN*10240) + (SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset
With this approach DRX cycle starts are even spaced (except when H-SFN itself wraps-around). This approach can be acceptable considering that SC-PTM uses such approach, and that such a situation also exists with eDRX.

If all DRX cycles need to be evenly spaced then this can also be achieved with the following equation (option 2.2):
[((H-SFN mod 36)*10240) + (SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset
Both of these equations would require (a) UE to signal support for alternative longDRX-Cycle start equation and (b) eNB to indicate in dedicated messages to use alternative equation.

Proposal 1: RAN2 to decide between option 1 and option 2.

Proposal 2: RAN2 to decide on the sub-option from the selected option and agreecorresponding CRs.
Overall, sourcing company prefers Option 2.2.  However, we have provided CRs for both option 1.2 and option 2.2 with the intention to agree on one option.
3 Summary
This document highlights the issue that most NB-IoT DRX cycle lengths lead to a non-uniform distribution of start of DRX cycles. This is not how C-DRX patterns should usually behave and sourcing company believes this was not the intention. Furthermore, sourcing company believes there is a potential operational issue which should be addressed.
Observation 1: Un-even C-DRX cycle durations are possible in NB-IoT.

Observation 2Un-even C-DRX cycle duration has the potential for UE and eNB to be out of sync.

Proposal 1: RAN2 to decide between option 1 and option 2.

Proposal 2: RAN2 to decide one the sub-option from the selected option and agree corresponding CRs.
References
[1] 3GPP TS 36.331, RRC Protocol specification, Release 13.
[2] 3GPP TS 36.321, MAC Protocol specification, Release 13.
[3] R2-17xxxxx, CR to 36.331, Long DRX values with regular wake-up cycle – Option 1, 3GPP TSG RAN2 Meeting #98, Hangzhou, , 15-19 May 2017. 
[4] R2-17xxxxx, CR to 36.331, Long DRX equation with regular wake-up cycle – option 2, 3GPP TSG RAN2 Meeting #98, Hangzhou, , 15-19 May 2017. 
Page 1 of 4

_1554892678.vsd
￼


OnDurationTimer <=1024sf


SFN = 0
SF = 0


OnDurationTimer > 1024sf


1024sf


1024sf


ON


OFF


OFF


OFF


OFF


OFF


ON


ON


ON


ON


ON


SFN = 921
SF = 6


SFN = 0
SF = 0


SFN = 0
SF = 0


SFN = 921
SF = 6


H-SFN x + 1


H-SFN x


ON


ON


OFF


OFF


OFF


DRx Cycle 2


DRx Cycle 1


DRx Cycle 3


DRx Cycle 4


Potential cunfusion zone



