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1. Introduction

In last RAN4 #80bis, RRM for Cat-1 UE with 1 Rx was preliminarily discussed. A WF [1] was approved to capture the agreements, as well as RRM plan for how to handle requirements for IDLE mode mobility, connected mode mobility, UE timing, RLM, cell identification, measurement and positioning. In this contribution, we provide further consideration on RRM for Cat-1 UE with 1Rx based on the approved WF.
2. Discussion
2.1. Idle mode mobility
It was agreed in [1] that legacy intra-frequency idle mode mobility requirements can be reused for Cat-1 UE with 1 Rx, including both legacy DRX and eDRX requirements. The basic idea Cat-1 UE with 1 Rx has the similar measurement performance with Cat-0 UE and there are no specific idle mode mobility requirements for Cat-0 UE. However, since inter-frequency mobility is not supported by Cat-0 UE, there is no corresponding requirement. But Cat-1 UE with 1 Rx is expected to achieve almost the same mobility activity as Cat-1 UE, i.e. inter-frequency mobility is to be supported. Therefore, RAN4 needs to develop inter-frequency mobility requirement for Cat-1 UE with 1 Rx for both idle and connected mode.

RRM requirements in idle mode mainly contain cell reselection requirements, which comprise measurement requirements for serving cell, as well as detection and measurement requirements for neighbor cells. For inter-frequency requirements we only need to consider neighbor cells, i.e. Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN, for inter-frequency neighbour cells, where Tdetect,EUTRAN should be determined by cell identification performance, Tmeasure,EUTRAN and Tevaluate, E-UTRAN should be determined by UE measurement performance. For information, it can be observed in TS36.133 section B.1 that the side conditions, i.e. RSRP Ês/Iot and SCH Ês/Iot, are exactly the same for both intra and inter-frequency. That’s also the reason existing inter-frequency mobility requirements in idle mode are the same as that of intra-frequency. Since legacy intra-frequency idle mode mobility requirements can be reused for Cat-1 UE with 1 Rx, we propose that legacy inter-frequency idle mode mobility requirements can also be reused for Cat-1 UE with 1 Rx.
Proposal 1: legacy inter-frequency idle mode mobility requirements can be reused for Cat-1 UE with 1 Rx.
2.2. Connected mode mobility

Similar with requirements in idle mode, UE requirements in connected mode mainly comprise cell identification delay, measurement period. Besides, there is also CGI reading requirements in connected mode.
2.2.1. Measurement period

Typically measurement period is coupled with measurement accuracy. Measurement period in non-DRX in connected mode for legacy LTE UE is 200ms. For Cat-0 UE, measurement period is extended to 400ms considering low power consumption. Note that the sampling rate is also extended to 1 sample/80ms. So the total sample number is the same as that of legacy 200ms period. It means that current accuracy requirements can also be met when measurement period is 200ms by increasing sampling rate to 1 sample/40ms. Since Cat-1 UE with 1 Rx is expected to have the same mobility performance with Cat-1 UE, we propose 200ms measurement period.
Proposal 2: measurement period in non-DRX in connected mode is 200ms.

2.2.2. Cell identification delay
It was agreed in [1] that the cell identification delay for intra-frequency is 600ms + measurement period. Considering 200ms is proposed, here we propose 800ms for intra-frequency requirements:

Proposal 3: cell identification delay for intra-frequency is 800ms.
As for inter-frequency, two options are agreed in [1]:
· Option 1 : Run simulation to determine inter-frequency cell search time
· Option 2 : Apply Rel-8 scaling method to determine inter-frequency cell identification requirement from intra-frequency cell identification requirement for Cat.0 UE
Although option 2 is more easy for RAN4 to specify the requirements, we believe simulation is more an objective way to develop the corresponding requirements. As mentioned in [2], side condition is different for intra and inter frequency and there is no simulation results for cell search at -4dB for UE with 1Rx. We don’t think it’s safe to simply derive the cell search delay at -4dB from the requirements defined at -6dB. Here we propose:

Proposal 4: Run simulation to determine inter-frequency cell search time
2.3. Measurement accuracy
As illustrated in section 2.2.1, total sample number is the same for 200ms period for legacy UE and 400ms for Cat-0 UE. Thus it’s quite straightforward that measurement accuracy will decline, i.e. from 6dB to 7dB. Note that 6dB it the RSRP accuracy requirement before tightening. After that legacy accuracy was tightened with 1.5dB. But Cat-0 UE was not tightened due to low cost. When we come to Cat-1 UE with 1 Rx, we don’t think the implementation margin for Cat-0 UE should be reused since Cat-1 UE with 1 Rx is expected to capable of most ordinary business. Therefore we have following conclusions:
Observation: accuracy of Cat-0 UE is 1 dB relaxed compared to legacy 2Rx UE.

Proposal 5: relax 1 dB on legacy accuracy for Cat-1 UE with 1 Rx, e.g. adopt 5.5 dB for RSRP accuracy under normal condition.
3. Conclusions

In this contribution we provide further discussion on RRM requirement for Cat-1 UE with 1 Rx. After discussion the following conclusions are made:
Proposal 1: legacy inter-frequency idle mode mobility requirements can be reused for Cat-1 UE with 1 Rx.
Proposal 2: measurement period in non-DRX in connected mode is 200ms.

Proposal 3: cell identification delay for intra-frequency is 800ms.
Proposal 4: Run simulation to determine inter-frequency cell search time
Observation: accuracy of Cat-0 UE is 1 dB relaxed compared to legacy 2Rx UE.

Proposal 5: relax 1 dB on legacy accuracy for Cat-1 UE with 1 Rx, e.g. adopt 5.5 dB for RSRP accuracy under normal condition.
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