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Background
WI of Rel-17 additional enhancements of NB-IOT has been almost closed from RAN 1’s part and it’s time for RAN 4 to define the corresponding performance requirements. In this paper, we give our summary of RAN 1’s feature on additional enhancements of NB-IOT firstly and provide our discussions on how to define the corresponding UE performance requirements.
Summary of RAN 1’s feature
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]The summary of RAN 1’s feature of additional enhancement of NB-IOT has been included in Table 1:
Table 1: Summary of RAN 1’s feature of additional enhancement of NB-IOT
	RAN 1 feature 
	RAN 1 sub-feature 
	Description 
	Impact on RAN 4 performance requirements

	Introduce 16 QAM for unicast in DL for NB-IOT
	New modulation order
	Introduce 16QAM for unicast DL 
	· UE reception with16QAM should be verified 

	
	TBS design
	· TBS table defined in clause 16.4.1.5.1 of TS 36.213 is extended from maximum ITBS=13 to maximum ITBS=21
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.
· For inband deployment, the downlink TBS entries between 11~17 are used for 16 QAM. 
	· UE supporting new TBS should be verified  

	
	Buffer size 
	· The soft buffer size for Cat. NB2 UEs supporting 16QAM for downlink is 12800 bits.
	· The maximum supported buffer size for Cat. NB2 should be verified

	
	CQI reporting enhancement
	· If 16-QAM is configured for NPDSCH, the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.
· When configured with downlink 16-QAM, CQI can be reported in MAC CE
· New CQI has been designed
	· No impact since the CQI is reported by MAC CE rather than physical layer and in previous release, it was defined in RRM part.

	
	DCI design
	· DL 16-QAM is applicable for NPDSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· Reserved state “1111” in the “Modulation and coding scheme” field in DCI Format N1 is utilized to indicate the use of 16QAM.
· The “Repetition number” field in DCI Format N1 is utilized to indicate the TBS indices for 16-QAM in DL when the reserved state in MCS field is indicated.
	·  No impact since there is no change of  NPDCCH physical structure

	
	Power allocation 
	· Network inform UE the actual power ratio of NRS EPRE to NPDSCH EPRE by UE specific signalling 
· For standalone and guard-band deployments:
· One power ratio is signalled optionally
· NPDSCH EPRE to NRS EPRE in symbols without NRS. The value range for the following RRC parameters is {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB
· The same transmit power is assumed across different symbols.
· If the signalling is not indicated, the legacy power allocation is used.
· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
· UE specific signalling is used
· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signaled. The value range for the following RRC parameters is {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB
· the signalling is UE specific
· Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.
	· EPRE difference between NRS and NPDSCH needs to be configured

	
	Signalling design
	· For 16-QAM in NB-IoT, separate optional UE capabilities for UL and DL are supported:
· The support of 16QAM in DL is indicated by an optional UE capability signaling. 
· For 16-QAM in NB-IoT, separate UE-specific RRC signaling for UL and DL are supported:
· 16QAM for DL is configured by UE-specific RRC signaling.
	· RAN 4 should define the corresponding requirements with UE capability signalling 

	
	Others
	· Support 16-QAM for multi-TB scheduling.
· Support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· Repetitions larger than 2 are not supported in case of 16QAM for downlink (Only support 1 repetition and no repetition)
	· Multi-TB scheduling is covered in Rel-16
· PUR has no impact on demodulation performance
· 


As analysed in Table 1 shown above, two main features introduced in Rel-17 WI additional enhancement NB-IOT for UE side are 16QAM and larger TBS, the intention of the design of these features is to increase the peak date rate which is twice of that of legacy NB UE, therefore, the maximum TBS is almost doubled and maximum buffer size is defined. It is noted that all these features are only applicable for Cat NB2.
Observation 1: Two main new features of 16QAM and larger TBS specified for Cat NB2 UE are introduced in Rel-17 WI additional enhancement NB-IOT.
Discussion on UE performance requirements
Based from our understanding, both 16QAM and new TBS should be verified. Our preference is to define one test case for UE supporting both 16QAM and all new TBS in extended TBS table can be verified. Therefore, we propose to introduce the soft buffer test with maximum TBS, i.e.4968 bits and 16QAM. If UE can pass the test with maximum TBS, all remaining TBS will be supported. The test purpose is also align with requirement of WI that increases the maximum date rate.
Proposal 1: Introduce the soft buffer test with maximum TBS and 16QAM for Cat NB2 UE to verify:
· 16 QAM reception 
· New TBSs 
· Maximum soft buffer size
Deployment
Maximum soft buffer size is defined for standalone/guard band scenario, hence, we propose to only consider standalone/guard band scenario.
Propagation conditions
Considering the test purpose is to verify the new modulation order and larger TBS, we think AWGN is more feasible since only LLR calculation, decoding and HARQ buffer size are key processes associated with these new features while reference signals used for channel estimation is not changed which is more sensitive with fading channel.
Number of NRS port
In order to verify the maximum soft buffer size, 1 NRS port with minimum overhead can be used.
PDSCH/PDCCH repetition
RAN 1 has specified that maximum repetition number of PDSCH transmission is 2, based on our understanding, for soft buffer test there is no need to configure repetition which will reduce the data rate. Meanwhile, considering the robust of NPDCCH and high SNR point due to high code rate of NPDSCH, NPDCCH performance can be guaranteed and then no need to configure NPDCCH repetition for the test. 
Power allocation
Based on our understanding, in previous release, the EPRE of NPDSCH is up to BS’s implementation and only EPRE of NRS is informed to UE by UE dedicated RRC signalling. It is no problem for QPSK, but the performance will be degraded for 16QAM. Therefore, RAN1 agreed to introduce one new signalling indicating the EPRE ratio between NPDSCH and NRS. If the signalling is not indicated, the legacy power allocation is used. i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, therefore, for simplicity, we prefer to not introduce the signalling in this test and set EPRE ratio of NPDSCH EPRE to NRS EPRE to 0dB for one NRS port.
Others
For other parameters we propose to reuse Rel-16 Cat NB2 test
Table 2: Proposed test parameters
	Test Parameter 
	Value

	System bandwidth
	200 kHz

	Operation mode
	Stand alone / Guard band

	Antenna configuration
	1T1R

	Channel model
	AWGN

	Modulation 
	16QAM

	Frequency error
	0 Hz

	Timing error
	0μs

	Performance target
	SNR@70% of  maximum throughput 

	NSF
	10

	NPDSCH Repetition number 
	Not configured

	NPDCCH repetition number
	Not configured

	NRS port number
	1

	HARQ process
	2

	Carrier Type
	Non-anchor

	TBsize
	4968 

	Soft buffer size
	12800 

	Duplex mode
	HD-FDD,TDD

	The ratio of EPRE of NPDSCH in symbols with and without NRS to NRS
	0dB



Proposal 2: Use the test parameters in Table 2 for NPDSCH soft buffer test definition for 16QAM and larger TBS:
Conclusion
Proposal 1: Introduce the soft buffer test with maximum TBS and 16QAM for Cat NB2 UE to verify:
· 16 QAM reception 
· New TBSs 
· Maximum soft buffer size
Proposal 2: Use the test parameters in Table 2 for NPDSCH soft buffer test definition for 16QAM and larger TBS:
Table 2: Proposed test parameters
	Parameter Parameter
	Value

	System bandwidth
	200 kHz

	Operation mode
	Stand alone

	Antenna configuration
	1T1R

	Channel model
	AWGN

	Modulation 
	16QAM

	Frequency error
	0 Hz

	Timing error
	0μs

	Performance target
	SNR@70% of  maximum throughput 

	NSF
	10

	NPDSCH Repetition number 
	1

	NPDCCH repetition number
	1

	NRS port number
	1

	HARQ process
	2

	Carrier Type
	Non-anchor

	TBsize
	4968 

	Soft buffer size
	12800 

	Duplex mode
	HD-FDD,TDD

	The ratio of EPRE of NPDSCH in symbols with and without NRS to NRS
	0dB



