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1   Introduction
The Rel-13 eMTC core requirements in RAN4 were almost completed, and it is time to initialize the work on performance part. In this contribution, we would like to analyze the specification impacts of eMTC on the BS demodulation performance requirements.
2   General analysis of impact on BS demodulation
2.1   Legacy BS demodulation requirements
In our view, it is beneficial that the same BS is capable of supporting multiple services including machine type communication. Different from UE side, there is no concept of BS categories specified. The Rel-13 BS should support eMTC as a new feature and needs to pass all the existing BS demodulation performance requirements as well as the new specified eMTC performance requirements, while the UE supporting eMTC belongs to UE category M1, and it needs not comply with all the legacy UE demodulation requirements and only needs pass the dedicated eMTC demodulation requirements.
2.2   CE mode A and B
Looking at PUCCH and PUSCH transmission design for eMTC, the main differences between CE mode A and mode B are that
· Small numbers of repetition is configured for mode A while the large numbers of repetition for mode B;
· For mode A, ACK/NACK, SR and periodic CSI can be transmitted over PUCCH, while for mode B only ACK/NACK and SR can.

From the BS receiver aspect, the algorithms to support repetition transmission for PUSCH and PUCCH could be the same. And for BS there is no separate capabilities specified for two modes. For PRACH, there are three CE levels signalled and no definitions of CE mode A and mode B for the initial access. Based on the above thinking, we propose not to define the BS demodulation performance requirements for CE mode A and B separately.
Proposal1: it is proposed to define one set of BS PUCCH/PUSCH demodulation requirements for eMTC, i.e., not separating requirements with respect to CE mode A and CE mode B.
To define a uniform set of PUCCH/PUSCH requirements, there would be several options 
· Option 1: Specify the PUCCH/PUSCH requirements with the highest repetition level of CE mode A;

· Option 2: Specify the PUCCH/PUSCH requirements with one repetition level of CE mode B.

· Option 3: Specify some of PUCCH/PUSCH requirements with the repetition level of CE mode A and others with the repetition levels of CE mode B.
For Option 1, the drawback is that due to repetition levels of CE mode A are relatively low and the demodulation performance supporting higher repetition levels could not be fully tested. For Option 2, the pro is that the performance requirements with high repetition level serves as the stress test to thoroughly verify BS performance to support eMTC at very low SNR, but the drawback would be that if CE mode A capable UE is more popular then the BS will be over-designed. For Option 3, it seems like a compromise but the drawback is that we could not align the performance between PUCCH and PUSCH on the similar coverage enhancement condition, say, at the similar operating SNR level.
Based on the analysis, we slightly prefer to Option 2.
Proposal2: select the modulation schemes (MCS) and repetition levels according to CE mode B parameters for BS PUSCH/PUCCH demodulation performance requirements.
2.3   Test purpose
In our view, RAN4 requirements are targeted at verification of 1) the performance for the fundamental change of algorithms and implementations; 2) the performance under the typical scenarios. And in RAN4 we should focus on performance test instead of functionally verification.
For eMTC uplink, the main test purposes should be to 
· Verify the performance of channel estimation and demodulation to support the repetition, e.g., multi-subframe based channel estimation;

· Verify the performance of channel estimation to support the narrowband transmission;

· Verify the support of frequency hopping and frequency retuning.
For eMTC downlink, except for normal coverage and enhanced coverage scenario, we also consider the medium mobility scenario for UE demodulation performance requirements. But since BS supporting eMTC will comply with the legacy BS demodulation performance requirements where the medium and high mobility scenarios are covered, there would be no need to consider the medium mobility scenarios. Combined with Proposal 1 and Proposal 2, we propose to focus on the coverage enhancement low mobility scenario to design the BS demodulation performance requirements for eMTC.
Proposal3: the test purposes of eMTC uplink demodulation are to

· Verify the performance of channel estimation and demodulation, e.g., multi-subframe based channel estimation,  to support the repetition for different physical channels;

· Verify the performance of channel estimation to support the narrowband transmission;

· Verify the support of frequency hopping and frequency retuning, including verifying the performance for eMTC PUCCH where the slot based hopping is not used.
For eMTC, UE demodulation performance requirements, we propose to set the targeting SNR first and then select the combinations of modulation schemes (MCS) and repetition levels to meet the given test metrics under such SNR for different channels. But for uplink transmission, the interference level is quite dependent on the scheduling of the whole network and the different power control is used for PUSCH and PUCCH, thus it would be difficult to find out a SINR values approaching the practical network. But it is still meaningful to align the test points given that the test case number is limited.
Proposal4: it is proposed to select the proper combinations of MCS-es and/or repetition levels for PUCCH and PUSCH demodulation requirements to align the test points.
We can try to use the MCL values provided in Table 5.2.1.2-1 of TR36.888 (MTC SI) as reference to derive the targeting SNR values for uplink, although this method is not perfect but may be questionable. The MCL of PUSCH is lower than those of PDSCH and PUSCH. Compared to MCL for PDSCH, the MCL for PUSCH is 4.7dB lower, which means that assuming the noise floor is the same for uplink and downlink. The received SNR level for PUSCH is 4.7dB lower than that for PDSCH. Maybe we can consider selecting targeting SNR. But more analysis is needed.
Table 5.2.1.2-2: MCL calculation for normal LTE FDD (see Note 1)
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	NOTE 1:
eNB is assumed with 2 Tx and 2 Rx in FDD systems.



3   Analysis of BS requirements for different channels
In Annex, we provide our analyses of the impacts of all the new eMTC features on the demodulation performance requirements according to [1]. In this section, we will share our view on what BS demodulation requirements should be specified for each uplink physical channels.
3.1   PUSCH
The existing PUSCH performance requirements include PUSCH performance requirements under the fading channel (to verify the channel estimation and decoding), requirements for UL timing adjustment (to verify the TA accuracy), requirements for high speed train (to verify the performance under specific scenario), requirements for HARQ-ACK multiplexed on PUSCH, and PUSCH with TTI bundling and enhanced HARQ pattern (to verify the performance for coverage enhancement) .
For eMTC, we do not need to duplicate the verification similar to the above requirements. The key is to verify the channel estimation and decoding by combining the multiple version of received signal from the repeated transmission. The propagation condition should be aligned with that for UE demodulation. For UE demodulation we propose to use ETU1Hz.
Regarding the bandwidth, in practice the symmetric uplink and downlink bandwidths are configured. According to [1], the PBCH repetition is not supported for 1.4MHz and the frequency hopping cannot be supported for 1.4MHz too. And all the licensed bands can support 5MHz and 10MHz. So we consider skipping 1.4MHz bandwidth for eMTC BS performance requirement.
Regarding the duplex modes, the same as MTC the BS can support HD-FDD if it can support FDD. Thus there is no need to specify the specific HD-FDD tests. To simplify the maintenance of BS testing, one set of requirements are expected to cover both FDD and TDD in principle. But more simulation work would be needed to justify it.
In order to reduce the test case, we propose to define the BS performance requirements with 2Rx, because the algorithm and implementation for the channel estimation and decoding by combining the received signals is not tightly related to the receiver antenna numbers and the MRC/MIIMO equalizer has been verified by the existing (legacy) BS performance requirements. In Table 1, we provide the parameters for eMTC PUSCH demodulation performance requirements for further study.
Table 1: eMTC PUSCH performance requirements (FDD and TDD)
	Parameter
	Value

	Bandwidth
	3MHz, 5MHz, 10MHz, 15MHz, 20MHz

	Available subframes for UL transmission
	FFS

	Narrowband index for transmission
	2 narrowbands,

Narrowband index: [lowest NB and highest NB]

	Coverage enhancement mode
	CE mode B

	Frequency hopping
	ON

	Frequency hopping configuration
	FFS: first narrowband for frequency hopping; 
FFS: offset for frequency hopping

	Frequency retuning
	2 OFDM retuning time following the specification

	PRBs used for transmission within a narrowband
	6PRB per narrowband

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)

	Cyclic prefix
	Normal

	Number of Tx antennas
	1

	Number of Rx antennas
	[2]

	Propagation conditions and correlation matrix
	[ETU1Hz Low]

	RV sequence
	0, 2, 3, 1, 0, 2, 3, 1

	MCS
	QPSK 1/3 as starting point; other option FFS

	Repetition level: 4-bit indicator for set of PUSCH repetition numbers
	FFS: select one from {4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}

	UL grant transmission and ACK/NACK feedback
	FFS: M-PDCCH transmission configuration, 

DCI format M0B

	PUSCH subframe scheduling
	FFS: the HARQ timing of uplink transmission and UL grant transmission timing should be considered

	Test metric
	FFS: 30% and 70% TP or 70% TP only

Transmissions within one repetition cycle are counted as one transmission

	SNR required
	FFS: it is better to be aligned with PUCCH requirements and DL performance requirements by selecting the proper MCS and repetition level


3.2   PUCCH
For PUCCH, the existing performance requirements include the performance requirements for single user PUCCH format 1a (verify the ACK/NACK detection performance), CQI performance requirements for PUCCH format 2, detection requirement for multi user PUCCH format 1a (verify the ACK/NACK detection performance when multi-user multiplexed on the same PUCCH), detection requirement for PUCCH format 1b with channel selection (verify the ACK/NACK detection performance for CA), detection performance requirements for PUCCH format 3 (verify the ACK/NACK detection performance for CA with larger number of CC).
The key of eMTC PUCCH performance is to verify the multi subframe based channel estimation and decoding and verify the non-slot based (Ych subframe based) frequency hopping. We could skip the verification of CQI decoding. And since eMTC does not support CA, no tests for PUCCH format 1b with channel selection and PUCCH format 3 should be introduced.
Based on the above discussion, we propose to introduce a PUCCH format 1a test with repetition and frequency hopping. Similar to PUSCH requirement, we propose to consider all the bandwidths except for 1.4MHz, and the CE mode B scenario with low mobility. And we consider defining a uniform set of requirements to cover both FDD and TDD. 2Rx is used for the test. In Table 2, we provide the test parameters for eMTC PUCCH performance requirements for further study.
For the false alarm rate, we think that the constant false alarm detection should be conducted over the R repeated PUCCH transmission.
Table 2: eMTC PUCCH performance requirements (FDD and TDD)
	Parameter
	Value

	Bandwidth
	3MHz, 5MHz, 10MHz, 15MHz, 20MHz

	Available subframes for UL transmission
	FFS

	Narrowband index for transmission
	2 narrowbands,

Narrowband index: [lowest NB and highest NB]

	Coverage enhancement mode
	CE mode B

	Frequency hopping
	ON

	Frequency hopping configuration
	FFS: Starting offset of PUCCH resources

	Frequency retuning
	2 OFDM retuning time following the specification

	PRBs used for transmission within a narrowband
	1PRB per narrowband

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)

	Cyclic prefix
	Normal

	Number of Tx antennas
	1

	Number of Rx antennas
	[2]

	Propagation conditions and correlation matrix
	[ETU1Hz Low]

	PUCCH format under test
	PUCCH format 1a: Transmitting ACK always

	Repetition level: 4-bit indicator for set of PUSCH repetition numbers
	FFS: select one from {4, 8, 16, 32}

	M-PDCCH and PDSCH transmission
	FFS

	Subframes for PUCCH transmission under test
	FFS: the HARQ timing for downlink transmission, and the timing for DL grant and M-PDSCH transmission should be considered.

	Test metric
	False alarm: R-DRX->ACK <[1%];
ACK missed detection not exceed 1%. 
Transmissions within one repetition cycle are counted as one transmission

	SNR required
	FFS: it is better to be aligned with PUSCH requirements and DL performance requirements by selecting the proper repetition level


3.3   PRACH

For PRACH, the detection performance requirement for normal mode and detection performance requirement for high speed mode are defined. And in the normal mode test, the burst format 0~4 are verified. The channel model is AWGN or ETU70 with frequency offset.
For eMTC, the repetition of all preamble formats except for PRACH burst format 4 is supported. The key is to verify the detection performance for PRACH with the repetition and frequency hopping. In Table 3, we provide the test parameters for eMTC PRACH detection performance requirements.

For the false alarm rate, we think that the constant false alarm detection should be conducted over the R repeated PRACH transmission. 
In Table 3, we provide the test parameters for eMTC PRACH performance requirements for further study.
Table 3: eMTC PRACH performance requirements (FDD and TDD)
	Parameter
	Value

	Available subframes for UL transmission
	FFS

	Frequency hopping
	ON

	Frequency hopping configuration
	Two frequency regions: location FFS (signalled by prach-FreqOffset and a configurable offset)

	Frequency retuning
	[2 OFDM] retuning time for PRACH to PRACH

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)

	Cyclic prefix
	Normal

	Number of Tx antennas
	1

	Number of Rx antennas
	[2]

	Propagation conditions and correlation matrix
	[ETU1Hz low with 270Hz frequency offset]

	PRACH preamble transmitted
	Burst format 0, 1, 2, 3: reference channel given in Table A.6-1 of TS36.104

	Repetition level
	FFS: select one from {1, 2, 4, 8, 16, 32, 64, 128}

	Subframes for PRACH transmission under test
	FFS

	Test metric
	False alarm (similar as )< [0.1%];

 Conditional probability of detection >/=1% on condition that there is no timing estimation error larger than [2.08us]. 

Transmissions within one repetition cycle are counted as one transmission

	SNR required
	FFS


3.4   Summary
Before summary, we would like to propose to specify the new PUSCH, PUCCH and PRACH demodulation performance requirements for eMTC.
Proposal5: for eMTC, we propose to introduce the following BS demodulation performance requirements which can be applied to either FDD or TDD.
	Physical channel
	Test case description

	PUSCH
	5 PUSCH test cases:

Bandwidth {3MHz, 5MHz, 10MHz, 15MHz, 20MHz}, CE mode B, with repetition and frequency hopping, ETU1Hz 1x2 Low

	PUCCH
	5 PUCCH test cases:

Bandwidth {3MHz, 5MHz, 10MHz, 15MHz, 20MHz}, CE mode B, with repetition and frequency hopping, ETU1Hz 1x2 Low

	PRACH
	4 PRACH test cases:
With repetition and frequency hopping, ETU1Hz 1x2 Low, 270Hz offset


Proposal6: study and decide the combination of MCS and/or repetition level for BS demodulation performance requirements.
4   Conclusion
In this contribution, we discuss the BS demodulation performance requirements for eMTC. The proposals are summarized as follows.
Proposal1: it is proposed to define one set of BS PUCCH/PUSCH demodulation requirements for eMTC, i.e., not separating requirements with respect to CE mode A and CE mode B.

Proposal2: select the modulation schemes (MCS) and repetition levels according to CE mode B parameters for BS PUSCH/PUCCH demodulation performance requirements.

Proposal3: the test purposes of eMTC uplink demodulation are to

· Verify the performance of channel estimation and demodulation, e.g., multi-subframe based channel estimation,  to support the repetition for different physical channels;

· Verify the performance of channel estimation to support the narrowband transmission;

· Verify the support of frequency hopping and frequency retuning, including verifying the performance for eMTC PUCCH where the slot based hopping is not used.
Proposal4: it is proposed to select the proper combinations of MCS-es and/or repetition levels for PUCCH and PUSCH demodulation requirements to align the test points.
Proposal5: for eMTC, we propose to introduce the following BS demodulation performance requirements which can be applied to either FDD or TDD.
	Physical channel
	Test case description

	PUSCH
	5 PUSCH test cases:

Bandwidth {3MHz, 5MHz, 10MHz, 15MHz, 20MHz}, CE mode B, with repetition and frequency hopping, ETU1Hz 1x2 Low

	PUCCH
	5 PUCCH test cases:

Bandwidth {3MHz, 5MHz, 10MHz, 15MHz, 20MHz}, CE mode B, with repetition and frequency hopping, ETU1Hz 1x2 Low

	PRACH
	4 PRACH test cases:

With repetition and frequency hopping, ETU1Hz 1x2 Low, 270Hz offset


Proposal6: study and decide the combination of MCS and/or repetition level for BS demodulation performance requirements.
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6   Annex: Summary of RAN1 agreements
In the following we summarize the new functionalities introduced for eMTC and analyze the impacts on RAN4 performance requirements.
	eMTC features
	Descriptions
	CE mode
	New test?
	Analysis

	Narrow band (NB)
	Contiguous 6PRB as one trunk, and the number of NB-s and location of them specified
	A and B
	No
	When specifying the bandwidth parameters for all the tests, the NB definition should be taken into account

	Frequency hopping and retuning
	Frequency hopping across 2 or 4 NBs is supported following the dedicated patterns for different channel. Frequency hopping is mandatory for SIB1bis and can be enabled or disabled for other channels.

2 symbols maximum retuning time is defined for the retuning between DL/UL NBs.
	A and B
	No
	Frequency hopping is important especially for coverage enhancement performance under the low Doppler spread scenarios. It would be reasonable to enable frequency hopping for eMTC performance requirements.

	Coverage enhancement (CE mode)
	Targeting coverage enhancement ≈ 15dB. Mode A is for no/small repetitions; Mode B is for large number of repetitions. CE Mode is signalled to UE.
	B
	No
	The requirements for CE Mode A and CE Mode B should be specified separately as was done for RRM.

	PSS/SSS
	No RAN1 modification and enhancement
	--
	No
	No new demodulation requirement is needed, since the PSS/SSS performance is verified by Cell identification requirements.

	PBCH
	No enhancement for PBCH without repetition
FDD repetition in SF#0 and #9; TDD repetition in SF#0 and #5 according to the specified pattern. PBCH repetition for 1.4MHz TDD/FDD is not supported.
	--
	Yes
	The new requirements with repetition will be needed, and 1.4MHz cannot support the repetition.

	System information
	New SIB1bis is transmitted on 6PRB PDSCH without associated PDCCH in the location indicated by PCID/MIB and with the periodicity TSIB1bis=8 radio frames and TBS including repetition number indicated by MIB
	A
	No
	The functionality and performance will be verified by CGI reading requirements

	
	
	B
	No
	Same as above

	M-PDCCH
	Rel-13 eMTC UE does not support legacy PCFICH, legacy PDCCH and legacy PHICH.

The new EPDCCH-like DMRS based narrowband (6PRB) M-PDCCH is designed with repetition across the multiple subframes, new search space and new DIC format, i.e., DCI format M1A/B, M2A/B.
	A
	Yes
	There are the different UE behaviours between CE Mode A and CE Mode B, i.e., Mode A UE can receive PDCCH and un-associated PDSCH in the same subframe.

	
	
	B
	Yes
	The new M-PDCCH requirements with large number of repetition and frequency hopping should be introduced.

	PDSCH
	The repetition (or bundling) across multiple subframes and the cross-subframe scheduling for both CE Mode A and B can be used for PDSCH. And 1-layer CRS based and DMRS based transmission modes (PRB bundling for pre-coding is allowed) and asynchronous HARQ operation are supported.
	A
	Yes
	The frequency hopping should be enabled. Verify performance of channel estimation for repetition and cross-subframe scheduling.

	
	
	B
	Yes
	Verify the performance for channel estimation with large numbers of repetitions. The frequency hopping should be enabled.

	CSI/CQI
	For CE Mode B, no periodic CSI, no RI. 

For CE Mode A, Aperiodic CSI: PUSCH 2-0 (TM1, 2 and 9, subband -> NB); Periodic CSI: PUCCH 1-0 (TM1, 2 and 9, wideband = all used NB-s) and PUCCH 1-1 (TM6 and TM9). CSI for Mode A is measured on as subset of the available narrowbands. Only CRS-based measurement for CSI is supported
	A
	Yes
	The measurement resources, CQI table, subband and wideband definition, and UE measurement RS for TM9 (based on CRS) are different from the legacy LTE’s. Verify the CSI reporting based on the new mechanism.

	
	
	B
	No
	No CSI reporting for Mode B

	PUSCH
	Repetition/bundling of PUSCH is supported. The new design includes RV cycling, repetition number. Multiple-SF channel estimation. M-PDCCH feedback HARQ-ACK for PUSCH. New HARQ timing.
	A
	Maybe
	Verify the performance for multiple-subframe channel estimation.

	
	
	B
	Yes
	Verify the performance for multiple-subframe channel estimation.

	PUCCH
	For both CE Mode A and Mode B, the slot-based frequency hopping is not supported, and repetition can be used (for Mode A {1,2,4,8}, for Mode B {4, 8,16,32}).

For CE Mode A, PUCCH format 1/1a/1b(TDD only)/2/2a are supported.

For CE Mode B, the frequency hopping is always used between two NBs, and PUCCH format 1/1a are supported.
	A
	Maybe
	The existing PUCCH requirements can not be reused due to no slot-based frequency hopping is supported for eMTC.

	
	
	B
	Yes
	Verify the channel estimation performance.

	SRS
	For CE Mode A, both periodic and aperiodic SRS are supported by reusing Rel-12 configurations and without repetition.

For CE Mode B, neither aperiodic nor periodic SRS is supported.

For both Mode A and B, PUSCH is rate-matched and PUCCH is shorten if colliding with cell-specific SRS.
	A
	No
	SRS transmission and utilization is implementation-dependent, and the design of test is difficult. Currently, there is no SRS performance requirement and SRS is left for BS implementation. Maybe PUSCH and PUCCH rate matching around SRS could be considered.

	
	
	B
	No
	The same as above.

	PRACH
	Repetition of all preamble formats and frequency hopping between two frequency regions can be used for coverage enhancement.
	CE level 0
	No
	Can reuse the existing requirement

	
	
	CE level 1,2,3
	Yes
	Verify the performance to support repetition and frequency hopping
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