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Introduction
With core part of RRM requirements for R16 NB-IoT completed, RAN4 should start discussing the performance aspects of RRM features in R16 NB-IoT. In this paper, we present our views on which features of R16 NB-IoT can be considered to have a performance test.
DL quality reporting
In R15 NB-IoT, two types of channel quality reporting were specified: short 2-bit version, and long 4-bit version. However, only 4-bit version was tested for both normal and enhanced coverage.
R16 extended this feature to DL quality reporting in non-anchor carrier and connected mode. In our view, DL quality reporting in MSG3 of non-anchor carrier can be tested in a similar fashion as in R15 and RAN4 should specify test cases for this. 
Proposal 1. RAN4 to specify performance tests for MSG3 DL channel quality reporting in non-anchor carrier with AWGN channel using 4-bit table. R15 tests can be used as guidelines. 
Moreover, RAN4 should specify separate test cases for channel quality reporting in connected mode. The evaluation period in connected mode is agreed to be the NPDCCH duration which carriers the UL grant for quality reporting. The test should ensure that the channel condition (i.e., SNR) is different in this period compared to the time prior to it so that UE only relies on the specified evaluation period for estimation of DL quality.
As in R15 tests, 4-bit version in AWGN channel should be tested.
Proposal 2. RAN4 to specify separate test cases for channel quality reporting in connected mode. The test must ensure that the channel condition (i.e., SNR) is different in the evaluation period compared to the time prior to it so that UE only relies on the specified evaluation period for estimation of DL quality. As in R15 tests, 4-bit version in AWGN channel should be tested.
Table 1 summarizes the test cases proposed for this feature in R16 NB-IoT.
Table 1 4-bit DL channel quality reporting tests for idle and connected states
	Index
	State
	Mode
	Note

	1
	Idle
	NC
	Tests for HD-FDD/TDD, AWGN

	2
	Idle
	EC
	Tests for HD-FDD/TDD, AWGN

	3
	Connected
	NC
	Tests for HD-FDD/TDD, AWGN

	4
	Connected
	EC
	Tests for HD-FDD/TDD, AWGN



Group WUS
In R15, neither NB-IoT nor MTC devised a test for R15 WUS due to impracticalities in testing the UE’s adherence to requirements. In our view, R16 is not different. It is not possible to test group WUS.
Proposal 3. RAN4 to not specify any performance tests for group WUS.
PUR
While most aspects of performance tests for PUR such as RSRP control, TA validation method, and settings are possible and straightforward to do, a practical consideration to think about is how to set UE to generate mobile-originated data while in RRC idle using existing test environments. It is noted that UL transmission in PUR is not always required. It only occurs if UE has data to transmit. Therefore, a method is needed (such as an app) to generate MO-data while UE is in RRC idle. We do not believe such a method exists. Even if it did, UE does not have to always transmit in a PUR occasion if has data; it can save power and transmit if data buffer exceeds a certain threshold, for example. Hence, testing PUR transmission in idle mode is difficult to do.
Proposal 4. RAN4 to not specify any tests for transmission in PUR occasions. 
Multi-carrier operation
In R16, RRM measurements on non-anchor carrier is allowed with RAN4 agreements as in the following [1]:
· If the following conditions are met:
The relaxed cell monitoring criteria defined in TS 36.304 clause 5.2.4.12, and 
Transmit power difference of NRS between anchor carrier and non-anchor paging carrier is signalled to the UE via the existing parameter nrs-PowerOffsetNonAnchor, and
UE is not configured with any positioning measurements,
· Then UE:
Stops monitoring neighbor cells
May stop performing NRSRP measurements on anchor carrier
May continue to perform NRSRP measurements only on the non-anchor carrier
May continue to evaluate relaxed monitoring conditions using non-anchor carrier NRSRP measurements and nrs-PowerOffsetNonAnchor for translation to their equivalent NRSRP in anchor carrier
Exiting this state will be based on not fulfilling the relaxed conditions in TS 36.304 clause 5.2.4.12. 


As captured in the agreements above, performing NRSRP measurement on the non-anchor carrier is a UE choice which may depend on its complexity vs. power saving tradeoff, whether it needs to fall back on anchor carrier for synchronization or other tasks. A UE may opt not to do RRM measurements on the non-anchor carrier at all or may opt to sometimes perform RRM measurements on the non-anchor carrier but not always. Therefore, it is not possible to practically test this feature.
Proposal 5. RAN4 to not specify performance tests for NRSRP measurements on the non-anchor carrier as this is a UE choice. A UE may opt not to do RRM measurements on the non-anchor carrier at all or may opt to sometimes perform RRM measurements on the non-anchor carrier but not always.
Shorter DRX cycles
Late in R16, RAN2 and RAN4 introduced shorter DRX cycles (320 and 640 ms) to be supported for NB-IoT in idle mode. Current intra-frequency idle mode tests in HD-FDD and TDD test min DRX cycles of 1.28s. RAN4 can introduce similar test cases for shorter DRX cycles. 
Proposal 6. RAN4 to specify idle mode intra-frequency test cases for shortest DRX cycles (320ms) as in Table 2 below.
Table 2 Intra-frequency RRC idle tests for shorter DRX cycles
	Index
	State
	Mode
	Note

	1
	Idle
	NC
	Tests for HD-FDD/TDD, AWGN with 320ms DRX cycle

	2
	Idle
	EC
	Tests for HD-FDD/TDD, AWGN with 320ms DRX cycle



Conclusions
Proposal 1. RAN4 to specify performance tests for MSG3 DL channel quality reporting in non-anchor carrier with AWGN channel using 4-bit table. R15 tests can be used as guidelines. 
Proposal 2. RAN4 to specify separate test cases for channel quality reporting in connected mode. The test must ensure that the channel condition (i.e., SNR) is different in the evaluation period compared to the time prior to it so that UE only relies on the specified evaluation period for estimation of DL quality. As in R15 tests, 4-bit version in AWGN channel should be tested.
Table 1 4-bit DL channel quality reporting tests for idle and connected states
	Index
	State
	Mode
	Note

	1
	Idle
	NC
	Tests for HD-FDD/TDD, AWGN

	2
	Idle
	EC
	Tests for HD-FDD/TDD, AWGN

	3
	Connected
	NC
	Tests for HD-FDD/TDD, AWGN

	4
	Connected
	EC
	Tests for HD-FDD/TDD, AWGN



Proposal 3. RAN4 to not specify any performance tests for group WUS.
Proposal 4. RAN4 to further consult RAN5 on how to make UE generate MO-data in RRC idle in order to test PUR feature. 
Proposal 5. RAN4 to not specify performance tests for NRSRP measurements on the non-anchor carrier as this is a UE choice. A UE may opt not to do RRM measurements on the non-anchor carrier at all or may opt to sometimes perform RRM measurements on the non-anchor carrier but not always.
Proposal 6. RAN4 to specify idle mode intra-frequency test cases for shortest DRX cycles (320ms) as in Table 2 below.
Table 2 Intra-frequency RRC idle tests for shorter DRX cycles
	Index
	State
	Mode
	Note

	1
	Idle
	NC
	Tests for HD-FDD/TDD, AWGN with 320ms DRX cycle

	2
	Idle
	EC
	Tests for HD-FDD/TDD, AWGN with 320ms DRX cycle
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