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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 single Rx wearable LTE device with higher data rate support than Cat.0 MTC UE. For RRM performance requirements, following objectives were identified in WID [1]. 

· Define test cases to verify the requirements

In this contribution, we will provide overview on RRM tests for Cat.1 UE with single receiver chain.
2. Discussion

2.1. Cell re-selection tests

For Rel-12 Cat.0 UE, RAN4 specified no separate cell re-selection tests for Cat.0 UE with the understanding that legacy re-selection tests are also applicable to Cat.0 UE. We believe that legacy re-selection tests in A.4.2 are also applicable to Cat.1 UE. One concern from UE side is that 3dB RSRP offset between serving and neighbor cell might be too small considering the relaxed RSRP measurement accuracy for UE with single receiver chain. RAN4 should investigate whether new cell re-selection tests need to be specified for Cat.1 UE with single receiver chain depending on outcome of corresponding core requirement discussion. 
Proposal 1. RAN4 should investigate whether new cell re-selection tests need to be specified for Cat.1 UE with single receiver chain depending on outcome of core requirement discussion on RSRP offset for re-selection 

2.2. Handover tests

For Rel-12 Cat.0 UE, RAN4 specified separate intra-frequency handover tests in A.5.1.10, A.5.1.11 and A.5.1.12. Test configuration is same as legacy handover tests in A.5.1.1 and A.5.1.2 except for PDSCH RMC. In Cat.0 test, MCS 0 is used instead of MCS 5 to comply with TBS size limitation of Cat.0 UE. Since Cat.1 UE does not have TBS limitation, all legacy handover tests can be applied to Cat.1 UE with single receiver chain. Since same Es/Iot side condition is reused for Cat.0 UE test, there is no need to revise side condition for Cat.1 UE with single receiver chain. 
Proposal 2. All legacy intra-frequency and inter-frequency handover tests specified in A.5.1.1~A.5.1.9 can be reused for Cat.1 UE with single receiver chain. 

2.3. RRC re-establishment tests

For Rel-12 Cat.0 UE, RAN4 specified separate RRC re-establishment tests in A.6.1.6, A.6.1.7, and A.6.1.8. Test configuration is same as legacy RRC re-establishment tests in A.6.1.1 and A.6.1.3 except for PDSCH RMC. In Cat.0 test, MCS 0 is used instead of MCS 5 to comply with TBS size limitation of Cat.0 UE. Since Cat.1 UE does not have TBS limitation, all legacy RRC re-establishment tests can be applied to Cat.1 UE with single receiver chain. Since same Es/Iot side condition is reused for Cat.0 UE test, there is no need to revise side condition for Cat.1 UE with single receiver chain. 

Proposal 3. All legacy intra-frequency and inter-frequency RRC re-establishment tests specified in A.6.1.1~A.6.1.5 can be reused for Cat.1 UE with single receiver chain. 

2.4. Random access tests

For Rel-12 Cat.0 UE, RAN4 specified no separate random access tests for Cat.0 UE with the understanding that legacy random access tests are also applicable to Cat.0 UE. We believe that legacy random access tests in A.6.2 are also applicable to Cat.1 UE without any modification. 
Proposal 4. Legacy random access tests specified in A.6.2 can be reused for Cat.1 UE with single receiver chain. 

2.5. RRC connection release with redirection tests

For Rel-12 Cat.0 UE, RAN4 specified no separate RRC connection release with redirection tests for Cat.0 UE with the understanding that legacy tests are also applicable to Cat.0 UE. We believe that legacy RRC connection release with redirection tests in A.6.3 are also applicable to Cat.1 UE without any modification. 

Proposal 5. Legacy RRC connection release with redirection tests specified in A.6.3 can be reused for Cat.1 UE with single receiver chain. 

2.6. UE transmit timing and timing advance tests
For Rel-12 Cat.0 UE, RAN4 specified no separate UE transmit timing and timing advance tests for Cat.0 UE with the understanding that legacy tests are also applicable to Cat.0 UE. We believe that legacy UE transmit timing and timing advance tests in A.7.1 and A.7.2 are also applicable to Cat.1 UE without any modification. 

Proposal 6. Legacy UE transmit timing and timing advance tests specified in A.7.1 and A.7.2 can be reused for Cat.1 UE with single receiver chain. 

2.7. Radio link monitoring tests

For Rel-12 Cat.0 UE, RAN4 specified separate radio link monitoring tests in A.7.3.26 to A.7.3.37 based on new radio link monitoring requirements in 7.11. Test configuration is almost same as legacy radio link monitoring tests in A.7.3.1 to A.7.3.8. Differences between legacy and category 0 UE tests are

· Power setting for PCFICH and PDCCH is different to reflect change in RLM core requirement. 

· SNR levels in each time period are different to reflect change in RLM core requirement and PCFICH/PDCCH demodulation performance of single receiver UE. 
All these differences are directly related to single receiver chain demodulation. Cat.1 UE with single receiver chain is supposed to meet RLM core requirements for Cat.0 UE. Therefore, radio link monitoring tests for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Proposal 7. Radio link monitoring tests for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

2.8. Event triggered reporting tests

For Rel-12 Cat.0 UE, RAN4 specified separate intra-frequency event triggered reporting tests in A.8.1.11 to A.8.1.18 based on new intra-frequency cell detection and RSRP measurement requirements in 8.5.2.1. Test configuration is almost same as legacy event triggered reporting tests in A.8.1.1, A.8.1.2, A.8.2.3, A.8.2.1 and A.8.2.2. Differences between legacy and category 0 UE tests are

· MCS in PDSCH RMC is changed to comply with maximum TBS of Cat.0 UE. 

· In Cat.0 test, UE is required to meet new cell detection and measurement requirements in 8.5.2.1. 

In [2], we proposed to reuse legacy intra-frequency and inter-frequency measurement requirements for Cat.1 UE without single receiver chain. Therefore, legacy event triggered reporting test can be reused for Cat.1 UE with single receiver chain. 
Proposal 8. Legacy intra-frequency and inter-frequency event triggered reporting tests can be reused for Cat.1 UE with single receiver chain.
2.9. CGI reading tests

For Rel-12 Cat.0 UE, RAN4 specified separate intra-frequency CGI reading tests in A.8.1.19, A.8.1.20, A.8.1.21, A.8.1.22, A.8.2.7 and A.8.2.8 based on new CGI reading requirements in 8.5.2.1. Test configuration is almost same as legacy intra-frequency RSRP accuracy test in A.8.1.5, A.8.1.6, A.8.2.3 and A.8.2.4. Differences between legacy and category 0 UE tests are

· MCS in PDSCH RMC is changed to comply with maximum TBS of Cat.0 UE. 

· In Cat.0 test, UE is required to meet new CGI reading requirements in 8.5.2.1. 

Cat.1 UE with single receiver chain is supposed to meet Cat.0 UE CGI reading requirements in 8.5.2.1. Therefore, intra-frequency CGI reading tests for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. PDSCH RMC in Cat.0 UE tests based on TBS limitation of Cat.0 UE is not relevant for Cat.1 UE anymore. However, PDSCH code rate would not have any impact on CGI reading operation. 

Proposal 9. Intra-frequency CGI reading tests for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Cat.1 UE is supposed to support inter-frequency mobility and RAN4 will specify inter-frequency CGI reading requirements. When RRM core requirements for inter-frequency CGI reading are specified, RAN4 should also specify inter-frequency CGI reading tests. 

Proposal 10. RAN4 should consider specification of a new inter-frequency CGI reading tests. 

2.10. RSTD measurements tests

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. It’s not clear at this moment whether we can reuse legacy RSTD measurement requirement for Cat.1 UE with single receiver chain or new requirements should be specified. 
Proposal 11. RAN4 should postpone discussion on RSTD measurement tests until core requirements for RSTD measurements are decided in RAN4. 
2.11. RSRP/RSRQ measurement accuracy tests
For Rel-12 Cat.0 UE, RAN4 specified separate intra-frequency RSRP measurement accuracy tests in A.9.1.41, A.9.1.42 and A.9.1.43 based on new intra-frequency RSRP measurement accuracy requirements in 9.1.13. Similarly, RAN4 specified separate intra-frequency RSRQ measurement accuracy tests in A.9.2.42, A.9.2.43 and A.9.2.44 for Cat.0 UE. Test configuration is almost same as legacy intra-frequency RSRP accuracy test in A.9.1.1 and A.9.1.2. Differences between legacy and category 0 UE tests are
· MCS in PDSCH RMC is changed to comply with maximum TBS of Cat.0 UE. 
· Es/Noc are slightly different for test 2 and test 3. 
· In Cat.0 test, UE is required to meet relaxed RSRP and RSRQ measurement accuracy requirements in 9.1.13. 
Cat.1 UE with single receiver chain is supposed to meet same measurement accuracy requirement in 9.1.13 except for absolute RSRP measurement accuracy requirement. In [2], we proposed that RAN4 should investigate whether some tightening in absolute RSRP measurement accuracy requirement is needed. Depending on the outcome of RAN4 discussion, RAN4 might not be able to reuse RSRP/RSRQ measurement accuracy tests for Cat.0 UE for Cat.1 UE with single receiver chain. 
Proposal 11. RAN4 should postpone discussion on intra-frequency and inter-frequency RSRP/RSRQ measurement accuracy tests until requirements for RSRP/RSRQ measurement accuracy are decided. 

2.12. RSTD measurement accuracy tests

For Rel-12 Cat.0 UE, RAN4 specified no separate RSTD measurement accuracy tests. 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. It’s not clear at this moment whether we can reuse legacy RSTD measurement accuracy requirements for Cat.1 UE with single receiver chain or new requirements should be specified. 

Proposal 12. RAN4 should postpone discussion on RSTD measurement accuracy tests until requirements for RSTD measurement accuracy are decided. 

3. Conclusions

In this contribution, we provided overview on RRM tests for Cat.1 UE with single receiver chain. Our proposals are
Proposal 1. RAN4 should investigate whether new cell re-selection tests need to be specified for Cat.1 UE with single receiver chain depending on outcome of core requirement discussion on RSRP offset for re-selection 

Proposal 2. All legacy intra-frequency and inter-frequency handover tests specified in A.5.1.1~A.5.1.9 can be reused for Cat.1 UE with single receiver chain. 

Proposal 3. All legacy intra-frequency and inter-frequency RRC re-establishment tests specified in A.6.1.1~A.6.1.5 can be reused for Cat.1 UE with single receiver chain. 

Proposal 4. Legacy random access tests specified in A.6.2 can be reused for Cat.1 UE with single receiver chain. 

Proposal 5. Legacy RRC connection release with redirection tests specified in A.6.3 can be reused for Cat.1 UE with single receiver chain. 

Proposal 6. Legacy UE transmit timing and timing advance tests specified in A.7.1 and A.7.2 can be reused for Cat.1 UE with single receiver chain. 

Proposal 7. Radio link monitoring tests for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Proposal 8. Legacy intra-frequency and inter-frequency event triggered reporting tests can be reused for Cat.1 UE with single receiver chain.

Proposal 9. Intra-frequency CGI reading tests for Cat.0 UE can be reused for Cat.1 UE with single receiver chain. 

Proposal 10. RAN4 should consider specification of a new inter-frequency CGI reading tests. 

Proposal 11. RAN4 should postpone discussion on RSTD measurement tests until core requirements for RSTD measurements are decided in RAN4. 

Proposal 11. RAN4 should postpone discussion on intra-frequency and inter-frequency RSRP/RSRQ measurement accuracy tests until requirements for RSRP/RSRQ measurement accuracy are decided. 

Proposal 12. RAN4 should postpone discussion on RSTD measurement accuracy tests until requirements for RSTD measurement accuracy are decided. 
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