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1
Introduction
The core part of the Rel-14 eNB-IoT Work Item [1] has been extended [2] during RAN #75.  In addition, a new Rel-15 feNB-IoT Work Item had been approved [3].  The RAN4 LS to RAN2 in [4] has defined an RLM enhancement for eNB-IoT.
This paper proposes to continue the work to develop the RLM enhancement solution within Rel-14 eNB-IoT and shares views on the associated open items.
2
Discussion
2.1
General
Comparing the objectives relevant to the topic of RLM enhancement, as had been captured in the RAN4 LS [4], we observe that only the Rel-14 eNB-IoT work item has scope for mobility enhancements.

Proposal 1: Based on the review of the WIDs for eNB-IoT [1] and feNB-IoT [3], it is proposed to continue the work to develop the RLM enhancement solution within Rel-14 eNB-IoT.
The current RAN4 agreement on the RLM enhancement is as follows [4]:
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Three high-level aspects should be resolved to close the open issues:
1. Early Qin/Qout triggers and offsets X/Y need to be defined

2. Further agreements are needed on the NPDCCH-based report metrics, such as their definitions, evaluation periods, and ranges of possible values

3. Whether the NPDSCH-based report metrics are needed
2.2
Early Qin/Qout triggers

One motivation behind the agreement on this RLM enhancement for eNB-IoT can be highlighted by the discussion in [5], where it was observed that existing RLM behaviour is valuable to maintain, while the event-based reporting represents the desired enhancement.  Thus, it is reasonable to define the new early Qin/Qout triggers using the existing RLM analysis methodology.
Proposal 2: It is proposed to define the early Qin/Qout triggers using the existing RLM analysis methodology.
It is helpful to consider what parameters in the simulation assumptions can be modified to derive the early Qin/Qout triggers.  The simulation assumptions used for NB-IoT are [6]:
	Parameter
	Value for In-sync
	Value for Out-of-sync

	DCI format
	Format N1 (RAR)
	Format N1 (DL scheduling)

	Number of information bits
	[22] bits
	[22] bits

	System Bandwidth
	200kHz
	200kHz

	Channel model
	AWGN

EPA1

ETU1
	AWGN

EPA1

ETU1

	Antenna configuration
	1x1 and 2x1
	1x1 and 2x1

	Antenna correlation
	Low
	Low

	Repetition level
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Operation
	In-band, Guard-band, Stand-alone
	In-band, Guard-band, Stand-alone

	Note: For in-band operation, the number of antenna ports for CRS is same as that for NRS. 


Proposal 3: The Qin_enh trigger should occur at an SNR level less than the unenhanced Qin but greater than Qout and Qout_enh.

Proposal 4: The Qout_enh trigger should occur at an SNR level greater than the unenhanced Qout but less than Qin and Qin_enh.
Proposal 5: One option is to define the simulation assumptions for Qin_enh/Qout_enh based on the following:
For OOS, the RL are {64, 128, 256}

For IS, the RL are {32, 64, 128}
The analysis of simulation results based on the assumptions in Proposal 5 can facilitate an alignment among companies on the achievable SNR levels for the Qin_enh/Qout_enh triggers.  A comparison of these points with the unenhanced Qin/Qout can yield the values for X and Y.

In an effort to envision what a potential Qin_enh/Qout_enh requirement may look like, we refer to the current RLM requirement in TS 36.133:

[image: image2.png]Table 7.23.2-1 NPDCCH transmission parameters for out-of-sync and in-sync for Category NB1 UE

Attribute Gut-of-sync in-sync
DCl format Format N1 Format N1

Number of information bits 23 bits 23 bits

System Bandwidth 200kHz_ 200kHz

Antenna configuration 2x1 2x1

Maximum NPDCCH Repetition level [ Ruw/[4] ™"
Aggregation level 2 2

DRX OFF OFF

Deployment mode In-band In-band

NOTE 1R is & configurable parameter defined in TS 36.331[2].





We observe that the relationship between OOS and IS RL attributes is a factor of 4.  Thus, it may be necessary to also consider utilizing different NPDCCH BLER thresholds for Qin_enh/Qout_enh.

Proposal 6: It is proposed to derive the values for X and Y based on the alignment of Qin_enh/Qout_enh simulation results and to also consider modifying the BLER thresholds.
Proposal 7: It is further proposed to discuss the evaluation periods for the enhanced OOS and IS indications.
2.3
NPDCCH-based report metrics

The possible NPDCCH-based report metrics include:  excess repetitions of NPDCCH, recommended aggregation level of NPDCCH, and recommended repetition level for NPDCCH.
Regarding excess/recommended RL for NPDCCH, it is proposed to merge this metric into a single field.  If the UE determines that the current RL exceeds the actual number of repetitions necessary to correctly decode the NPDCCH by a defined margin, then this metric represents a report of excess repetitions.  However, if the UE determines that the actual number of repetitions necessary to correctly decode the data by a defined margin approaches the current RL by a defined margin, then this metric represents a report of desired repetition level increase by one level.  Depending on the bit width of this metric, some granularity can be built into the report:  a single bit represents feedback to decrease (if excess) or increase (if approaching RL) the repetition level.  Two bits allow the UE to report the excess with finer granularity (3 values) while reserving 1 value for RL increase indication.
Proposal 8: It is proposed to merge excess repetitions and recommended repetition level report into a single metric.  The range of values could be 2 or 4, depending on further discussion.

A report based on recommended aggregation level can be built on a similar principle as repetition level reporting described above.

The evaluation periods of the reported metrics should be discussed as well.  A discussion in RAN2 is anticipated in response to the RAN4 LS; it is possible that they may utilize an existing reporting mechanism for the new event, such as the RRC-based UEAssistanceInformation.  If this solution is adopted in RAN2, then the  procedure is anticipated to be event-driven:  once the UE determines that the Qin_enh or Qout_enh is triggered, it requests resources for a UEAssistanceInforrmation and fills in the report fields.  Thus, three options could be considered for the UE when generating the report information:

Option 1: Upon triggering the Qin_enh/Qout_enh events, the UE generates the report based on the current NPDCCH reception metrics.  This approach minimizes the delay between the event trigger and the report sent to the network but does not feature any averaging of the report metric itself.
Option 2: The UE maintains a running statistic (such as averaging) of enhanced RLM report metrics according to a defined or configured evaluation period and, upon triggering the Qin_enh/Qout_enh events, generates the report based on the running statistic.  However, the existing RLM requirement in 36.133 states that the UE shall monitor DL link quality and not NPDCCH.  Thus, this option may need further discussions on how to clearly define the measurement period and duty cycle and may also place an additional requirement on the UE to continuously monitor NPDCCH, which may not be the desired approach.  This approach minimizes the delay between the event trigger and the report sent to the network and also features averaging of the report metric; however, it may place an additional burden on the UE.
Option 3: Upon triggering the Qin_enh/Qout_enh events, the UE begins collecting the statistic (such as averaging) of enhanced RLM report metrics according to a defined or configured evaluation period and duty cycle (for example, in LTE RSRP requirement it is assumed CRS is monitored every 40ms for 200ms; however, it is up to UE implementation how to implement the measurement within 200ms).  Upon expiry of the measurement period, the UE reports the metrics to the network.  This approach may introduce a delay between the event trigger and the report sent to the network.
Proposal 9: Further discussion is recommended regarding the report metric evaluation period and reporting mechanism, as outlined in Options 1, 2, and 3.
2.4
NPDSCH-based report metrics
The use of NPDSCH-based report metrics for the enhanced RLM procedures should be further clarified to gain a common understanding.  Some questions regarding this approach exist, such as: if the UE is not allocated DL data transmissions but starts to move out of coverage, how can the enhanced RLM metric based on NPDSCH provide a meaningful report?

Proposal 10: Further discussions are needed to determine whether NPDSCH-based report metrics are feasible for the enhanced RLM procedures.
3
Conclusions
This paper shared Intel’s views on the topic of enhanced RLM for eNB-IoT
Proposal 1: Based on the review of the WIDs for eNB-IoT [1] and feNB-IoT [3], it is proposed to continue the work to develop the RLM enhancement solution within Rel-14 eNB-IoT.

Proposal 2: It is proposed to define the early Qin/Qout triggers using the existing RLM analysis methodology.

Proposal 3: The Qin_enh trigger should occur at an SNR level less than the unenhanced Qin but greater than Qout and Qout_enh.

Proposal 4: The Qout_enh trigger should occur at an SNR level greater than the unenhanced Qout but less than Qin and Qin_enh.

Proposal 5: One option is to define the simulation assumptions for Qin_enh/Qout_enh based on the following:

For OOS, the RL are {64, 128, 256}

For IS, the RL are {32, 64, 128}

Proposal 6: It is proposed to derive the values for X and Y based on the alignment of Qin_enh/Qout_enh simulation results and to also consider modifying the BLER thresholds.

Proposal 7: It is further proposed to discuss the evaluation periods for the enhanced OOS and IS indications.
Proposal 8: It is proposed to merge excess repetitions and recommended repetition level report into a single metric.  The range of values could be 2 or 4, depending on further discussion.

Proposal 9: Further discussion is recommended regarding the report metric evaluation period and reporting mechanism, as outlined in Options 1, 2, and 3.

Proposal 10: Further discussions are needed to determine whether NPDSCH-based report metrics are feasible for the enhanced RLM procedures.
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RAN4 has discussed potential enhancements to the RLM procedures in Rel-14 eNB-IoT and has identified the following potential solution:





Two new triggers of events related to RLM are introduced: 


-	Event # 1: UE reports early Qout, i.e. UE report event Qout offset by X and 


-	Event # 2: UE reports early Qin, i.e. UE report event Qin offset by Y





Events can include optional information about: excess repetitions of NPDCCH, recommended aggregation level of NPDCCH, and recommended repetition level for NPDCCH. 





Whether excess repetitions for NPDSCH may be reported is FFS.


Whether recommended repetition level for NPDSCH may be reported is FFS.





X and Y are fixed values defined in 36.133.


X and Y are FFS.


The units of X and Y are FFS
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