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1. Introduction

In RAN4 #80bis meeting, RRM impact from mobility and non-anchor carrier enhancement in R14 NB-IoT was preliminarily discussed. However, lacking of stable RAN1/2 input the progress in RAN4 is quite limited. In this contribution, we provide further discussion based on latest RAN2 agreement in RAN2 #95.
2. Discussion
2.1. Mobility enhancement
RAN2 reached following agreement regarding mobility enhancement:
	Mobility enhancement
· Mobility is triggered by RLF
· RLF triggers RRC Connection Re-establishment 
· No additional mechanism is introduced to avoid NAS recovery for the CIOT UP solution

· Introduce RRC Connection Re-establishment procedure for the CIOT CP solution. 

· We will ask SA3 to verify that this is acceptable from security point of view. FFS exactly what to ask. 

· FFS: Lossless mobility by retransmissions in the target cell (and forwarding data via X2 is supported). FFS whether any enhancements are needed.


It was agreed in RAN2 that mobility is triggered by RLF. After RLF, UE will perform RRC connection re-establishment to recover the link with network. Note that no new mechanism on RLM and RRC re-establishment is introduced. The corresponding RLM and RRC re-establishment RRM requirements have been developed in Rel-13 NB-IoT work item. We believe no additional RRM work is needed to support mobility enhancement for Rel-14 NB-IoT if no new mechanism is introduced.
Observation 1: no additional RRM work is needed to support mobility enhancement for Rel-14 NB-IoT if no new mechanism is introduced.

2.2. Non-anchor carrier enhancement

According to the WID objectives [1], NPRACH and paging on non-anchor carrier are to be supported in Rel-14 NB-IoT. In last RAN2 #95 the following agreements were made on non-anchor carrier enhancement:
	NPRACH
· Common RACH configurations on all carriers. 
· One of the following two options should be used for non-anchor carrier NPRACH configuration. 
Option1. The NPRACH resource configurations for different non-anchor carriers are independent. 
Option2. Part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.

· UL carrier and DL carrier is configured by signalling, such as SIB2. 

· Different (multiple) NPRACH resource (UL non-anchor carrier) might be associated with one DL carrier, and potentially with the same CSS_RA resource (still one NPRACH resource only refer to one DL carrier and one CSS_RA resource).

· Anchor carrier RSRP should be used for NPRACH selection.

· Anchor carrier and non-anchor carrier(s) should be used for carrier selection in case of RRC_IDLE and RRC_CONNECTED.

· UE should determine its coverage enhancement level and select NPRACH resource in available NPRACH resources for that coverage level in case of RRC_IDLE.
· UE selects NPRACH resource based on a randomization function. It is FFS whether UE should select NPRACH resource based on random draw or based on a pseudo-random function based on UE_ID in case of RRC_IDLE. 

· It is FFS whether load balancing / uneven probability between carriers is used. 
· NPRACH resource selection in CONNECTED is that same as in IDLE except for PDCCH order. 

· RAN2 assumes that for access procedure initiated by PDCCH order, carrier, preamble/subcarrier index and the NPRACH repetition level are explicitly indicated in the DCI format. Confirm with RAN1.
· Specific mechanism for carrier selection should not be applied in case of mo-ExceptionData.
· It is FFS if the UE performs NPRACH selection when UE fails to access on current carrier for every re-attempts in the same CE level, or only when the UE need to change CE level.

	Paging
· The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.

· The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.

· Nb is common for all paging carriers.

· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.


The procedure of legacy cell selection/reselection is illustrated in following figure:
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Figure 1. cell selection/reselection procedure
1. UE will keep on cell searching on intra/inter-frequency carrier according to requirement in TS36.133 section 4.6.
2. UE will evaluation the identified cell to check whether the S or R criteria are fulfilled.
3. If a suitable cell is found, UE needs to receive the relevant system information in order to camp on the target cell. 

4. Camp on the cell.

In the step 3 above, UE needs to read the relevant SI to check whether the cell is barred. Besides, DRX cycle, paging occasion, RACH configuration and some other information are also included in SI. As for Rel-14 NB-IoT, NPRACH and paging operation on non-anchor carrier are supported. One can see from above RAN2 agreement that both UL and DL carrier can be configured by signalling, e.g. SIB2. Therefore, once camps on a cell, UE should knows where to monitor paging message and where to perform random access. 
However, it doesn’t mean that UE will camp on the indicated non-anchor carrier. Firstly, NPSS and NSSS are transmitted on anchor carrier. In order to maintain time and frequency synchronization, UE may need to retune to anchor carrier even if paging is configured on non-anchor carrier. Secondly, all the system information is transmitted on anchor carrier and UE needs to receive the rest system information, for example for intra/inter-frequency measurement. From RRM perspective, one thing we need to consider is about measurement. Typically, UE can perform intra-frequency measurement at the time it “wakes up” to monitor paging message. However, if UE is configured on non-anchor for paging UE can’t measure the anchor carrier for serving cell at the same time. Note that network may have different power boosting on anchor and non-anchor carriers. That means if UE may have different NRSRP/NRSRQ measurement results on anchor and non-anchor carriers. It’s rational to assume that NRSRP on non-anchor carrier is smaller than that of anchor carrier. The consequence is that if UE decides to measure serving cell on non-anchor carrier, UE will potentially reselect to neighbour cell incorrectly. Thus we propose that even configured with paging on non-anchor carrier, UE shall also perform NRSRP/NRSRQ measurement on anchor carrier. 
Compared with paging on anchor carrier, there might be some additional power consumption. The reason is that UE can’t perform measurement at the same time it monitors NPDCCH for paging. However, UE anyway needs to maintain synchronization to the serving cell. UE can perform measurement when it retunes to anchor carrier for NPSS and NSSS. Therefore, the additional power consumption could be negligible.

Proposal 1: even configured with paging on non-anchor carrier, UE shall also perform NRSRP/NRSRQ measurement on anchor carrier.

As for NPRACH on non-anchor carrier, the difference with Rel-13 NPRACH is that the UL and DL carrier involved in random access procedure is signalling to UE and UE is to operate the random access on the indicated carrier. Then from RRM perspective, we check the existing random access requirement from TS36.133:

	6.6
Random Access for UE category NB1
6.6.1
Introduction

6.6.2
Requirements

6.6.2.1
Correct behaviour when receiving Random Access Response reception
6.6.2.2
Correct behaviour when not receiving Random Access Response reception
6.6.2.3
Correct behaviour when receiving a NACK on msg3
6.6.2.4
Correct behaviour when receiving a message over Temporary C-RNTI
6.6.2.5
Correct behaviour when contention Resolution timer expires
6.6.3
Requirements for NPRACH configuration


It can be observed that the requirements in 6.6.2 are all about UE behaviour under certain condition. Note that all the behaviours above are unrelated to anchor or non-anchor carrier and they are not changed for Rel-14 NB-IoT. The only change is on NPRACH procedure and NPRACH configuration, which will be captured in RAN2 specification. In RAN4 requirements in 6.6.3 we only refer to RAN2 specification:
	6.6.3
Requirements for NPRACH configuration
In addition to the requirements defined in 6.6.2, UE shall also execute the random access procedure defined in clause 5.1 in TS 36.321 [17] using the NPRACH configuration contained in NPRACH-ConfigSIB-NB in TS 36.331 [2]
-
Determines the enhanced coverage level based on the NRSRP measurement and the configured criterion as defined in section 5.1.1, TS 36,321 [17],

-
Selects NPRACH resources [2] configured for the corresponding enhanced coverage level as determined in the previous step and;
-
Transmits or re-transmits NPRACH preamble using the selected NPRACH resources and NPRACH configuration.


Therefore, we can have following proposals.
Proposal 2: existing RRM requirements of random access for UE category NB1 shall also apply to NPRACH on non-anchor carrier.
3. Conclusions

In this contribution we provide analysis on RRM requirements for mobility and non-anchor carrier enhancement for Rel-14 NB-IoT. After discussion the following conclusions are drawn:
Observation 1: no additional RRM work is needed to support mobility enhancement for Rel-14 NB-IoT if no new mechanism is introduced.

Proposal 1: even configured with paging on non-anchor carrier, UE shall also perform NRSRP/NRSRQ measurement on anchor carrier.

Proposal 2: existing RRM requirements of random access for UE category NB1 shall also apply to NPRACH on non-anchor carrier.
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