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1 Background
RAN2 discussed relaxed monitoring for cell reselection in RAN2#99 meeting [1-18], and made the following (high level) agreements:
· The use case is M2M, we aim to have similar solutions for RRM measurement relaxation as far as reasonable for at least NB-IoT and LTE M2M UEs (FFS if this is Cat M1/M2).  

· Introduce a relaxed monitoring solution that works for both UEs that are fixed and can be mobile. 

· Relaxed monitoring applies to neighbour cell measurements in Idle mode.

· We specify how the UE detect when to do measurement relaxation
These agreements can be summarized as:
· Prefer to have the same solution for NB-IoT and MTC
· Solution should work for both fixed UEs and UEs that can be either stationary or mobile

· The power saving gains come from the neighbor cell measurements in Idle mode
· Relaxed monitoring specifies when the UE is not required to measure neighbors in Idle mode

RAN2 decided to have an email discussion until RAN2#99bis:
[99#41][NB-IoT/MTC] Measurement relaxation (Ericsson)

· Objective to discuss the a) mechanisms to detect whether measurement relaxation applies or not, focusing on the mechanisms on the table (counting cells/detect cell change, RSRP measurement serving cell) including stage-3 details, and b) discuss in more detail how this is configured (per UE, per cell etc). 

· Intended outcome: Report to next meeting

· Deadline: 2017-09-21

In this contribution relaxed monitoring for cell reselection, for which there should be stable running CRs by the end of the year, are discussed further. In this contribution possible solutions for relaxed monitoring in NB-IoT is discussed further. Similar solutions are proposed for MTC, and any differences are further discussed in [19].
2 Discussion
2.1 Mobility detection

In this section the two solutions to detect mobility, i.e. based on “change in serving cell RSRP” or “change in cell count” for relaxed monitoring is discussed further.
change in serving cell RSRP

The UE already performs continuous RSRP measurements, and therefore there is no extra cost to detect when the UE is stationary and when the UE starts moving. The intra-frequency measurement requirements, as specified in 36.331, apply to the serving cell. Also note that cell re-selection (i.e. cell count) makes use of the serving cell measurements. 

For the “reduced monitoring” as specified for EC-GSM in TS 45.008 section 6.6.1a, there are test cases defined in TS 51.010 see sections 20.22.32 and 20.22.33. These test cases check if the UE re-selects to another cell when the RSRP drops with a certain delta. Similar test cases can be added to RAN4 36.331 Annex A.4 which specifies test cases for E-UTRAN RRC_IDLE state. These are RAN4 “performance” requirements, which can be added later in the specification process, i.e. there is no need to change the RAN4 “core” requirements, such as the existing RSRP measurement requirements. NB-IoT has a poor measurement accuracy, especially in coverage enhancements, but both methods suffer from this equally. 
change in cell count
In case an ActiveTimer (T3324) zero is configured with PSM (because the NW relies on an eNB NW inactivity timer for the UE to be reachable in connected mode for some time during periodic TAU) in that case there is no cell re-selection, i.e. no cell count. 
It is not obvious how the UE detects when it becomes mobile again, i.e. when the UE is stationary it is not required to measure neighbour cells (which is a requirement to obtain a change in cell count).

It is not clear how the cell count should work across multiple eDRX cycles and TAU periods? Can cell counts accumulated during previous eDRX cycle / TAU still be considered relevant/valid during current eDRX cycle / TAU? In case there is a requirement to detect mobility in current PTW/TAU will be there enough time and potential cell re-selections to do so.

A UE that has a fixed geo-stationary position may still perform a few cell re-selections (e.g. when objects move in the way, cells are activated/de-activated, or the UE is on a cell border). Also connected to previous comment, it will be difficult to find the correct time period T and cell count N, that provides correct mobility info. 
We prefer to have a single solution in REL-14 which covers both stationary and mobile UEs. We do not prefer to have a “simple” solution in REL-14, and yet another solution in REL-15. Furthermore NB-IoT only supports low mobility and no handovers. For that reason we do not see the need to identify multiple “mobility levels” (e.g. low, medium, nomadic, etc) in NB-IoT (if such desire exists for REL-15).
Proposal 1: Neighbor cell measurements are triggered based on change in serving cell RSRP.
2.2 Device configuration signalling
In our view there can be typical use cases in NB-IoT and MTC where the UE has a fixed geo-stationary position (e.g. fixed to the wall). This information can be exploited to configure such device optimally for power savings. Device configuration is a means to achieve such configuration, however in our view it needs to be specified how such device configuration is achieved, i.e. this should not be left to UE implementation to determine. There are different ways to enable this e.g. over the air configuration (OTA) and NAS signalling. The configuration could be based on subscription information or any other information stored in the MME. 
Proposal 2: RAN2 considers it beneficial if the UE can indicate in NAS signaling towards MME that it has a fixed geo-stationary position, and the MME can indicate/confirm in NAS signaling towards UE that the UE has a fixed geo-stationary position.
In this approach the UE would use relaxed monitoring when the eNB indicates to support relaxed monitoring in system information, and the MME has authorized relaxed monitoring in the UE. 

2.3 Periodic measurement details

In our view it will be difficult to agree on a hard-coded value, i.e. the need for background periodic measurements may depend on the network deployment scenario: 
Proposal 3: Neighbor cell measurements can be configured periodically every 12, 24, 48 and 168 hours in system information.

2.4 Intra-frequency and inter-frequency measurement details

Companies seem to have a preference to keep the legacy framework where intra-frequency measurements are typically triggered first by means of the intra-frequency measurement threshold, and inter-frequency measurements later, by means of the inter-frequency measurement threshold. The s-IntraSearchP-r13 and s-NonIntraSearchP-r13 threshold are both mandatory present in SIB3-NB. 
Intra-frequency measurements can be performed more quickly and required less time and consume less power, i.e. it makes sense to trigger these measurements first, and check if they solve the problem, i.e. trigger cell re-selection to a higher ranked cell. Inter-frequency measurement requires more effort, and should be performed as a second choice, i.e. that makes perfect sense. However, in our view, the real discussion is how much explicit NW control should there be for this. We proposed a single measurement threshold to trigger intra-frequency measurements, and if they did not result in a cell re-selection to trigger inter-frequency measurements. This in the end is also the target of the legacy measurement threshold. We did not intend to specify exactly when the UE should trigger the inter-frequency measurements. But it is of course possible to keep the legacy approach, and specify this by means of an explicit inter-frequency measurement threshold.
Potentially the existing measurement thresholds can be re-used or new thresholds are introduced. There is a potential need for new thresholds because the UE now has to not only detect that the measured RSRP is below the threshold, but also that a delta RSRP is measured: 

Proposal 4: RAN2 to discuss how intra-frequency and inter-frequency measurements are triggered.

2.5 Neighbour cell measurements due to SI change

For discussion sake it is assumed here that the relaxed monitoring rules are indicated by a “delta RSRP” in system information.

Generally speaking it would be beneficial if the NW also has some explicit control over when the UE perform neighbour cell measurements. With relaxed monitoring, and stationary UEs, we are reducing the neighbour cell measurements to a minimum, and it might be good to have a back-up plan when it turns out that we cannot fully rely on the UE implementations to do the correct thing. 
SI change is not expected to happen often, nevertheless we prefer not to trigger neighbour cell measurements when there is “any” change in SI, i.e. to reduce potential negative impact on UE power savings. There also does not seem to a negative impact to couple this with specific SI change e.g. when the relaxed monitoring parameter(s) are changed. 

Proposal 5: The UE shall trigger neighbour cell measurements when the relaxed monitoring parameter(s) in system information change. 

UEs may concentrate on certain bands / frequencies, e.g. lower bands typically can provide better coverage. Furthermore the UE is expected to perform fewer neighbour cell measurements when it performs relaxed monitoring. Therefore there might be a need to trigger distribution of the UEs among the supported NB-IoT carriers:  

Proposal 6: When the relaxed monitoring parameter(s) in system information change the UE should try to find a suitable cell on another frequency.

If any solution is needed, a simple solution is sufficient that aims to distributes UEs equally over the NB-IoT supported carriers, for example: 

· When requested the UE measures the strongest cell on two inter-frequencies randomly selected from interFreqCarrierFreqList in SIB5-NB
· The UE selects randomly one of the two strongest cells (provided that they are suitable)
3 Summary

RAN2 is kindly asked to discuss relaxed monitoring in NB-IoT: 

Proposal 1: Neighbor cell measurements are triggered based on change in serving cell RSRP.
Proposal 2: RAN2 considers it beneficial if the UE can indicate in NAS signaling towards MME that it has a fixed geo-stationary position, and the MME can indicate/confirm in NAS signaling towards UE that the UE has a fixed geo-stationary position.
Proposal 3: Neighbor cell measurements can be configured periodically every 12, 24, 48 and 168 hours in system information.

Proposal 4: RAN2 to discuss how intra-frequency and inter-frequency measurements are triggered.

Proposal 5: The UE shall trigger neighbour cell measurements when the relaxed monitoring parameter(s) in system information change. 
Proposal 6: When the relaxed monitoring parameter(s) in system information change the UE should try to find a suitable cell on another frequency.
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