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1. Introduction
In RAN #73, a new RAN4-led WI “Requirements for single receiver UE based on Category 1 for LTE” was approved.  Purpose of NewReq_1Rx_Cat1 WI is to enable low cost single Rx wearable LTE device with higher data rate support than Cat.0 MTC UE. For RRM core requirements, following objectives were identified in WID [1]. 

· Specify RRM core requirements for Category 1 UE with a single receiver for intra-frequency and inter-frequency mobility [RAN4]

· RLM and intra-frequency mobility requirements (measurements) for Category 0 UE could be reused
In this contribution, we will provide overview on RRM core requirements for Cat.1 UE with single receiver chain.
2. Discussion

For RRM core requirement, we can assume Cat.1 UE with single receiver chain has similar to or better capability than Cat.0 UE. When we compare capability of Cat.0 and Cat.1 UE with single receiver chain, we can observe that 
· Both UEs have single receiver chain. 
· Both UEs can process legacy broadcast channel (PBCH, SIB) and control channel (PCFICH, PDCCH, PHICH)
· Both UEs have same cell search and RRM measurement capability 
· Cat.1 UE can support both full duplex and half-duplex FDD operation while Cat.0 UE can support only half-duplex FDD operation. 

Observation 1. Cat.1 UE with single receiver chain has similar RRM capability as Cat.0 UE except for full duplex FDD support. 

2.1. Idle mode mobility
For Rel-12 Cat.0 UE, RAN4 specified no separate idle mode mobility requirements with the understanding that legacy requirements are also applicable to Cat.0 UE. Therefore, we can reuse following requirements in section 4 also for Cat.1 UE with single receiver chain. 
· 4.2.2.1
Measurement and evaluation of serving cell
· 4.2.2.3
Measurements of intra-frequency E-UTRAN cells
· 4.2.2.4
Measurements of inter-frequency E-UTRAN cells
· 4.2.2.6
Evaluation of cell re-selection criteria
· 4.2.2.7
Maximum interruption in paging reception
· 4.2.2.9
UE measurement capability
· 4.2.2.10
Reselection to CSG cells
One exception that requires RAN4 investigation is reselection offset, which is 3dB for intra-frequency reselection with RSRP, 6dB for inter-frequency reselection with RSRP or 4dB for inter-frequency reselection with RSRQ. For example, intra-frequency relative RSRP measurement accuracy was relaxed from ± 2dB to ± 3dB in consideration of single Rx chain measurement. Reselection offset should be increased to accommodate less accurate measurement.  
Proposal 1. Legacy idle mode mobility requirement can be reused for Cat.1 UE with single receiver chain except for RSRP and RSRQ offset for intra-frequency and inter-frequency reselection. 
2.2. Connected mode mobility
For Rel-12 Cat.0 UE, RAN4 specified no separate connected mode mobility requirements with the understanding that legacy requirements are also applicable to Cat.0 UE. Therefore, we can reuse following requirements in section 5 also for Cat.1 UE with single receiver chain. 
· 5.1
E-UTRAN Handover
Proposal 2. Legacy handover requirement can be reused for Cat.1 UE with single receiver chain. 

2.3. RRC connection mobility control
For Rel-12 Cat.0 UE, RAN4 specified no separate RRC connection mobility control requirements with the understanding that legacy requirements are also applicable to Cat.0 UE. Therefore, we can reuse following requirements in section 6 also for Cat.1 UE with single receiver chain. 

· 6.1
RRC Re-establishment
· 6.2 Random Access

· 6.3
RRC Connection Release with Redirection
Proposal 3. Legacy RRC connection mobility control requirements can be reused for Cat.1 UE with single receiver chain. 

2.4. UE transmit timing and timer accuracy requirement
For Rel-12 Cat.0 UE, RAN4 specified no separate transmit timing and timer accuracy requirement with the understanding that legacy requirements are also applicable to Cat.0 UE. Therefore, we can reuse following requirements in section 7 also for Cat.1 UE with single receiver chain. 

· 7.1
UE transmit timing
· 7.2
UE timer accuracy
· 7.3
Timing Advance
Proposal 4. Legacy UE transmit timing, UE timer accuracy and timing advance requirements can be reused for Cat.1 UE with single receiver chain. 

2.5. Radio link monitoring requirement
For Rel-12 Cat.0 UE, RAN4 specified separate radio link monitoring requirements since legacy radio link monitoring requirements are not applicable to Cat.0 UE due to single receiver chain demodulation.  Since single receiver chain leads to significantly reduced control channel coverage, RAN4 decided to boost PDCCH RE power so that network can maintain similar coverage for single Rx UE as two Rx UE. Except for that, other RLM core requirement like PDCCH BLER target and RLM evaluation time are same as legacy requirement. Considering same single receiver chain operation, we can reuse following RLM requirements for Cat.0 UE for Cat.1 UE with single receiver chain.
· 7.11
Radio Link Monitoring for UE Category 0
Proposal 5. RLM requirements for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

2.6. RSRP/RSRQ measurement requirements
For Rel-12 Cat.0 UE, RAN4 specified separate intra-frequency RSRP/RSRQ measurement requirements. Inter-frequency measurement requirements are not defined for Cat.0 UE. Main difference between legacy measurement requirement and Cat.0 UE measurement requirements are

· Measurement period for intra-cell measurement in non-DRX is increased from 200ms to 400ms to allow less frequent measurement sampling for Cat.0 UE. 
· Side condition for measurement is different due to single receiver chain operation of Cat.0 UE
· Separate HD-FDD requirement is defined for Cat.0 to reflect limited DL subframe availability in HD-FDD mode of operation. 
RAN4 needs to discuss whether same increase in measurement period is necessary also for Cat.1 UE with single receiver chain. Increasing measurement period will help save power consumption and reduce RRM processing burden while compromising mobility performance. Since Cat.1 UE with two receiver chains is already required to meet legacy RRM requirement, we can assume Cat.1 UE with single receiver chain also has same RRM processing capability. Therefore, the only remaining trade-off is between power consumption of mobility performance. We believe maintaining legacy mobility performance is more important since wearable devices could be required to support services such as VoLTE that is very sensitive to mobility performance. 
WID objective indicates that RAN4 also needs to specify RRM core requirement for inter-frequency mobility. Inter-frequency RSRP/RSRQ measurement requirements should be defined to support inter-frequency mobility. 

Proposal 6. Legacy intra-frequency and inter-frequency RSRP/RSRQ measurement requirements can be reused for Cat.1 UE with single receiver chain. 

2.7. CGI reading requirement
For Rel-12 Cat.0 UE, RAN4 specified separate CGI reading requirements for intra-frequency neighbor cell. Inter-frequency CGI reading requirements are not defined for Cat.0 UE. Main difference between legacy requirement and Cat.0 UE CGI reading requirements are coming from degraded MIB/SIB1 decoding performance of single Rx UE and reflected into requirement in following way. 
· CGI reading requirement for Cat.0 UE is applicable when transmit diversity or transmission using multiple antennas are supported in the target cell to be detected.
· CGI reading delay is increased from 150ms to 190ms to allow one more SIB1 decoding attempt. 
· Requirement for missed ACK/NACK is increased from 60 to 92 in consideration of additional decodable PDSCH in 40ms SIB decoding attempt window. 
Since Cat.1 UE with single receiver chain has same MIB/SIB1 decoding performance as Cat.0 UE, CGI reading requirements for Cat.0 UE can reused for Cat.1 UE with single receiver chain. 
Proposal 7. Intra-frequency CGI reading requirements for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Cat.1 UE with single receiver chain is supposed to support inter-frequency mobility. RAN4 should also consider specification of inter-frequency CGI reading requirement by following the same methodology that was used for specification of intra-frequency CGI reading requirement for Cat.0 UE. 
Proposal 8. RAN4 should consider specification of a new inter-frequency CGI reading requirement. 

2.8. RSTD measurement requirement

For Rel-12 Cat.0 UE, RAN4 specified no separate intra-frequency and inter-frequency RSTD measurement requirements. Considering that many operators indicated strong interest in positioning capability of eMTC and NB-IoT UE, it would be essential to make it sure that Cat.1 UE with single receiver chain can support RSTD measurement. Since Cat.1 UE 2 Rx UE is already required to meet legacy RSTD measurement requirement, Cat.1 UE with single receiver chain will be able to meet same requirement. 
Proposal 9. Legacy RSTD measurement requirements can be reused for Cat.1 UE with single receiver chain. 

2.9. RSRP/RSRQ measurement accuracy requirement
For Rel-12 Cat.0 UE, RAN4 specified a separate intra-frequency RSRP/RSRQ measurement accuracy requirements. Measurement accuracy requirements were slightly relaxed compared to legacy intra-frequency RSRP/RSRQ measurement accuracy requirement to account for measurement with single receiver chain. On the other hand, legacy absolute RSRP measurement accuracy requirement was tightened to account for improved RF calibration but this tightening was not applied to Cat.0 1 Rx UE. RAN4 needs to discuss whether similar tightening for absolute RSRP measure accuracy is needed for Cat.1 UE with single receiver chain. 
Proposal 10. Intra-frequency RSRP/RSRQ measurement accuracy requirements for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. It is FFS whether additional tightening for absolute RSRP measurement accuracy is needed. 
Cat.1 UE with single receiver chain is supposed to support inter-frequency mobility. RAN4 should also consider specification of inter-frequency RSRP/RSRQ measurement accuracy requirements by following the same methodology that was used for specification of intra-frequency RSRP/RSRQ measurement accuracy requirements for Cat.0 UE. 

Proposal 11. RAN4 should consider specification of a new inter-frequency RSRP/RSRQ measurement accuracy requirements. 

2.10. RSTD measurement accuracy requirement
For Rel-12 Cat.0 UE, RAN4 specified no separate RSTD measurement accuracy requirements. It’s not clear whether we can reuse legacy RSTD measurement accuracy requirement for Cat.0 and Cat.1 UE with single receiver chain. RAN4 should investigate how to specify RSTD measurement accuracy requirement for Cat.1 UE with single receiver chain. 
Proposal 12. RAN4 should investigate how to specify RSTD measurement accuracy requirement for Cat.1 UE with single receiver chain.  

3. Conclusions

In this contribution, we provided overview on RRM core requirements for Cat.1 UE with single receiver chain. Our observations and proposals are
Observation 1. Cat.1 UE with single receiver chain has similar RRM capability as Cat.0 UE except for full duplex FDD support. 

Proposal 1. Legacy idle mode mobility requirement can be reused for Cat.1 UE with single receiver chain except for RSRP and RSRQ offset for intra-frequency and inter-frequency reselection. 

Proposal 2. Legacy handover requirement can be reused for Cat.1 UE with single receiver chain. 

Proposal 3. Legacy RRC connection mobility control requirements can be reused for Cat.1 UE with single receiver chain. 

Proposal 4. Legacy UE transmit timing, UE timer accuracy and timing advance requirements can be reused for Cat.1 UE with single receiver chain. 

Proposal 5. RLM requirements for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Proposal 6. Legacy intra-frequency and inter-frequency RSRP/RSRQ measurement requirements can be reused for Cat.1 UE with single receiver chain. 

Proposal 7. Intra-frequency CGI reading requirements for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Proposal 8. RAN4 should consider specification of a new inter-frequency CGI reading requirement. 

Proposal 9. RAN4 should investigate whether legacy RSTD measurement requirement can be reused for Cat.1 UE with single receiver chain. If legacy requirement cannot be reused, RAN4 should specify a new RSTD measurement requirement for Cat.1 UE with single receiver chain. 

Proposal 10. Intra-frequency RSRP/RSRQ measurement accuracy requirements for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. It is FFS whether additional tightening for absolute RSRP measurement accuracy is needed. 

Proposal 11. RAN4 should consider specification of a new inter-frequency RSRP/RSRQ measurement accuracy requirements. 

Proposal 12. RAN4 should investigate how to specify RSTD measurement accuracy requirement for Cat.1 UE with single receiver chain.  
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