3GPP TSG-RAN WG4 Meeting #78
R4-160763
St. Julian’s, Malta, 15-19 February 2016
Title: 
UE demodulation performance requirements for eMTC with extended coverage
Source: 
Huawei, HiSilicon
Agenda item:
6.7.5
Document for:
Discussion
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 UE demodulation performance requirements, and here we will focus on the normal coverage mode, i.e., CE Mode B.
2   General analysis of impact on UE demodulation
2.1   CE mode A and B
The eMTC UE so called Category M1 UE is designed to provide machine type communication with the lower cost and good coverage. Its design target is to support narrowband and enhance the coverage. The former is to reduce the UE cost and the latter is to reduce the network cost by expanding the MTC cell coverage and reducing the BS number. So we should try to lower the test cost of UE by only introducing the essential tests.
One question related is whether we should introduce both CE mode A (normal coverage and with no or small numbers of repetition) and CE mode B (enhanced coverage and with large numbers of repetition) tests. Firstly, the use cases for two modes are different. CE mode A is for the UEs not undergoing the large penetration loss, e.g., the UEs in the vehicle or on the roadside, while CE mode B is for the UEs undergoing the serious penetration loss, e.g., meter in the basement. Secondly, the techniques for two modes are slightly different for downlink. For example, except for repetition levels, the M-PDCCH mechanisms of multiplexing with PDSCH, search spaces, modulation/MCS, DCI format (M0A/1A for Mode A, M0B/1B for Mode B) and transmission resource allocation are different between Mode A and Mode B. Thirdly, according to capability discussion, supports of CE mode A and CE mode B are separate items. So basically it seems reasonable to specify the UE demodulation performance requirements for CE mode A and CE mode B, separately.
Proposal1: in principle, RAN4 should specify the UE demodulation performance requirements for CE mode A and CE mode B, separately. At the same time, RAN4 should minimize the test case number to reduce the test cost.
2.2   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, 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 and the single Rx;

· Verify the support of frequency hopping and frequency retuning.
And as discuss about that we should consider both CE mode A and mode B as the typical scenarios. Besides, it may be useful to consider the medium mobility scenario, which may correspond to the communication of meters mounted on the vehicle. In RRM discussion, RAN4 followed RAN2 understanding about CE mode A and CE mode B to give a clear definition of normal coverage applicability and enhanced coverage applicability as follows [1]:

Normal coverage Applicability:
In this version of this specification the requirements for normal coverage in idle mode shall apply provided the UE category M1 is with the radio condition that SCH Ês/Iot ( -6 dB and CRS Ês/Iot ( -6 dB. 
Enhanced coverage Applicability: In this version of this specification the requirements for enhanced coverage in idle mode shall apply provided the UE category M1 is with the radio condition that SCH  Ês/Iot ( -15 dB and CRS Ês/Iot ( -15 dB. 

In sum, we propose to consider three scenarios as the typical ones for designing the test cases, i.e., normal coverage with low mobility, enhanced coverage with low mobility, and normal coverage with medium mobility.
Proposal2: the test purposes of eMTC downlink 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 and the single Rx;

· Verify the support of frequency hopping and frequency retuning.
Proposal3: when designing the eMTC demodulation performance requirements, we would like to consider the following scenarios as the typical use cases:

· Normal coverage with low mobility, SNR( -6 dB;
· Normal coverage with medium mobility, SNR( -6 dB;

· Enhanced coverage with low mobility, SNR( -15 dB.
For CE mode A, in our understanding the small number of repetition is used to compensate the performance loss due to single Rx and narrowband as well as due to potentially decreasing BS numbers to reduce the network cost. So it would be reasonable to configure the transmission repetition for both CE mode A and CE mode B test cases.
For eMTC, there are large numbers of combinations of MCS-es with repetition levels. One difficult task for designing the eMTC test case would be to select the proper combinations of modulation schemes and repetition levels. Unlike the existing requirements where the multiple MCS-es and SNR points are covered, one approach is to first set a target SNR levels and then find out the proper combinations of MCS-es and repetition levels for separate channels to meet the certain test metrics, e.g., throughput or BLER metrics.
According to the RRM definition on normal coverage and enhanced coverage given above, we propose to use a SNR range of [-6dB-Δ1, -6dB+Δ1] as the targeting operating SNR values to select the combinations of MCS-es and repetition levels for CE mode A downlink channel demodulation requirements, and SNR range of [-15dB-Δ2, -15dB+Δ2] as the targeting SNR values for CE mode B. Here the delta values are used to provide a range to make the selection of MCS-es and repetition levels be easier.
For PBCH, there is only one repetition patter specified for either FDD or TDD. There is no need to select the combinations of modulation schemes and repetition levels. Thus PBCH is the exception to the above approach.
Proposal4: to reduce the test case number, it is proposed 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 except for PBCH.
Proposal5: it is proposed to use [-6dB-Δ1, -6dB+Δ1] as the targeting operating SNR values for selecting the combinations of modulation schemes and repetition levels for CE mode A downlink demodulation tests, and [-15dB-Δ2, -15dB+Δ2] for CE mode B downlink demodulation tests.
3   Analysis of impact on UE demodulation under CE mode B
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 UE demodulation requirements should be specified for CE mode B. 
For PSS/SSS, the performance can be verified by the cell identification requirements agreed in RRM session. For SIB1bis and other system information, they are transmitted via PDSCH and in RRM session the CGI reading requirements can be applied to verify the SIB1bis reception functionality and performance. For power control, the performance should be studied in RF session. For paging, it is transmitted via PDSCH and the proper eMTC PDSCH requirements can guarantee its performance. For CSI, there is no CSI feedback for eMTC CE mode B.
Therefore, there is no need to specify PSS/SSS, SIB1bis, power control, paging performance requirements and CSI requirement in RAN4 for CE mode B. And for PBCH, there is a uniform signal structure designed and for CE mode A and B the same requirement can be applied. The PBCH requirement is discussed in the accompanied paper. So in the following, we will focus on M-PDCCH and M-PDSCH for eMTC CE mode B.

Proposal6: there is no need to specify PSS/SSS, and specific SIB1bis, paging performance, and CSI requirement for eMTC for CE mode B.
3.1   M-PDCCH
For MTC, there is no 1Rx PDCCH performance requirement, because it was thought that the performance of PDCCH can be tested implicitly through PDSCH test. But for eMTC, the new M-PDCCH channel is specified. Thus the new tests should be specified. As discussed above, the implementations of M-PDCCH in CE mode A is different from that in CE mode B. And the separate capabilities are considered for two modes. So we propose to specify the M-PDCCH performance requirements for CE mode A and CE mode B separately. The main test purpose is to verify the performance of channel estimation and combinations of repeated data to support the repetition transmission.
M-PDCCH is designed based on EPDCCH. Compared with EPDCCH, there are mainly following differences for M-PDCCH:
· M-PDCCH will be transmitted within a 6PRB narrowband with {2PRB, 4PRB} resource allocations as two sets, and a UE is configured with either localized or distributed M-PDCCH regardless of one or two M-PDCCH resource sets;

· The 24ECCEs (maximum level) for localized and distributed transmission will be mapped across two M-PDCCH sets;

· M-PDCCH is used for cross-subframe scheduling PDSCH

· Repetition across multiple subframes (multiple repetition levels) is supported for M-PDCCH;
· The search space and blind detection mechanism is different, where the repetition level is considered;

· The new DCI format M0A/M1A and M0B/M1B are specified.
For EPDCCH, the demodulation performance requirements for non-TM10 distributed transmission (Two test cases: 4ECCE, 16ECCE), non-TM10 localized transmission (Two test cases: 2ECCE, 8ECCE), and TM10 Type B quasi collocation (Two test cases: DPB, DPS). 

According to [1], eMTC will only support TM1, TM2, TM6 for CRS based demodulation, and TM9 for DMRS based demodulation, and does not support TM10. So we do not need to consider TM10 related M-PDCCH test cases. Because for CSS for paging, RAR, and SS for Msg 3 retx/Msg4, UE is required to assume distributed transmission, the requirement for distributed demodulation should be put in the higher priority compared to localized demodulation requirement. 
As proposal 3 above, we would like to consider three scenarios to design the eMTC demodulation test, i.e., normal coverage with low mobility, enhanced coverage with low mobility, and normal coverage with medium mobility. In that way, we will have one test case for CE mode B as shown in Table 3 and 4 for FDD/HD-FDD and TDD, respectively.
For the low mobility test, we would like to switch on the frequency hopping to harvest the frequency diversity gain, while for medium mobility test we propose to disable frequency hopping. And as discussed in Proposal 5, we would like to have simulation to study proper combinations of aggregation levels and repetition levels to meet the 1% BLER requirement at given target SNR range.
Table 3: Parameters of eMTC M-PDCCH performance requirements FDD and HD-FDD
	Parameter
	Unit
	Test 1

	Transmission scheme
	
	Distributed

	Coverage enhancement mode
	
	CE mode B

	Maximum repetition level Rmax
	
	[128 or 256]

	Frequency hopping
	
	ON

	Frequency hopping configuration
	
	FFS: first narrowband configured; Offset

	Precoder Update Granularity
	PRB
	1

	
	ms
	1

	Beamforming Pre-Coder
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	Downlink power allocation
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	δ
	dB
	3

	System bandwidth
	MHz
	10, 5 (for Band 31 only)

	Subframe Configuration
	
	No MBSFN SF 

	Available DL subframes via SIB1bis
	
	FFS

	Periodicity of starting subframes of USS for M-PDCCH
	
	FFS

	Subframes for M-PDCCH and PDSCH transmission
	
	Specify a scheduling pattern such as the same requirements can apply for FDD and HD-FDD

	Cyclic prefix
	
	Normal

	Number of PDCCH symbols
	symbols
	[2]

	Starting OFDM symbol broadcast
	Symbols
	[3]

	Narrowband index used for transmission
	
	4 NB for frequency hopping: index FFS

	M-PDCCH set scheduled for transmission with the narrowband
	
	2 set: 

location FFS 

	Number of PRB per M-PDCCH set
	
	1st set with 2PRB, 2nd set with 4PRB

	Set for M-PDCCH transmission
	
	2nd or two sets depending on ECCE

	Cell Specific Reference Signal
	
	Port 0 and 1

	CSI-RS configurations
	
	N/A

	PDSCH scheduling and transmission
	
	No multiplexing with M-PDCCH; PDSCH repetition level FFS

	ACK/NACK transmission
	
	FFS: UL grant transmission and PUCCH transmission (the test time needs to be considered)

	PDSCH TM
	
	TM2

	Unused RE-s and PRB-s
	
	OCNG

	Cell ID to decide DMRS scrambling
	
	0

	DCI Format
	
	M1B or M0B

	Aggregation level ECCE and Repetition level of M-PDCCH
	
	FFS: Selected values should meet the test metric at SNR = [-15dB-Δ1, -15dB+Δ1]

	Propagation condition
	
	[ETU1]

	Antenna configuration and correlation matrix
	
	2x1 Low

	Noc at antenna port
	dBm/15kHz
	-98

	Test metric
	
	Pm-dsg: 1% BLER


Table 4: Parameters of eMTC M-PDCCH performance requirements TDD

	Parameter
	Unit
	Test 1

	Transmission scheme
	
	Distributed

	Coverage enhancement mode
	
	CE mode B

	Maximum repetition level Rmax
	
	[128 or 256]

	Frequency hopping
	
	ON

	Frequency hopping configuration
	
	FFS: first narrowband configured; Offset

	Precoder Update Granularity
	PRB
	1

	
	ms
	1

	Beamforming Pre-Coder
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	-3

	
	(
	dB
	0

	
	δ
	dB
	3

	System bandwidth
	MHz
	10, 5 (for Band 31 only)

	Uplink downlink configuration
	
	FFS

	Special subframe configuration
	
	FFS

	Subframe Configuration
	
	No MBSFN SF 

	Available DL subframes via SIB1bis
	
	FFS

	Periodicity of starting subframes of USS for M-PDCCH
	
	FFS

	Subframes for M-PDCCH and PDSCH transmission
	
	FFS

	Cyclic prefix
	
	Normal

	Number of PDCCH symbols
	symbols
	[2]

	Starting OFDM symbol broadcast
	Symbols
	[3]

	Narrowband index used for transmission
	
	4 NB for frequency hopping: index FFS

	M-PDCCH set scheduled for transmission with the narrowband
	
	2 set: 

location FFS 

	Number of PRB per M-PDCCH set
	
	1st set with 2PRB, 2nd set with 4PRB

	Set for M-PDCCH transmission
	
	2nd or two sets depending on ECCE

	Cell Specific Reference Signal
	
	Port 0 and 1

	CSI-RS configurations
	
	N/A

	PDSCH scheduling and transmission
	
	No multiplexing with M-PDCCH; PDSCH repetition level FFS

	ACK/NACK transmission
	
	FFS: UL grant transmission and PUCCH transmission (the test time needs to be considered)

	PDSCH TM
	
	TM2

	Unused RE-s and PRB-s
	
	OCNG

	Cell ID to decide DMRS scrambling
	
	0

	DCI Format
	
	M1B or M0B

	Aggregation level ECCE and Repetition level of M-PDCCH
	
	FFS: Selected values should meet the test metric at SNR = [-15dB-Δ1, -15dB+Δ1]

	Propagation condition
	
	[ETU1]

	Antenna configuration and correlation matrix
	
	2x1 Low

	Noc at antenna port
	dBm/15kHz
	-98

	Test metric
	
	Pm-dsg: 1% BLER


3.2   M-PDSCH

For MTC, there are three requirements: TM2 16QAM 1/2, TM4 single-layer 64QAM 1/2, and TM9 QPSK 1/3. Like M-PDCCH, we would like to consider three scenarios: normal coverage with low mobility, enhanced coverage with low mobility, and normal coverage with medium mobility. And we should also take some limitation into account, i.e., the max TBS size is 1000bits for both DL and UL and only QPSK and 16QAM are supported. Besides, M-PDSCH only support TM1, TM2, TM6 and TM9.
The test purpose is to verify the channel estimation and demodulation to support repetition and narrowband with the single receive antenna. We would like to match the transmission modes with the scenarios to get three test cases. One example is given as below:
· Test 1: TM9 test under the CE mode A with low mobility;
· Test 2: TM6 test under the CE mode A with medium mobility;
· Test 3: TM2 test under the CE mode B with low mobility.
In that way we will have one test case for CE mode B. But the good way to match the transmission mode as well as the MCS + repetition levels with the scenarios needs more simulation study. And we also need to consider the configuration of M-PDCCH such that the proper aggregation levels as well as repetition levels for M-PDCCH should be selected to avoid the negative impact of M-PDCCH error on M-PDSCH demodulation. And due to the cross subframe scheduling, the M-PDCCH duration will impact the valid subframes used for M-PDSCH transmission.
3.3   Summary
Before summary, we would like to propose to use 10MHz for most bands and add one more 5MHz test to cover Band 31. And the requirements should be applicable to UE category M1, since the new UE category is specified for eMTC.
Based on the discussion in this section, we summarize our proposals:
Proposal7: for eMTC CE mode B, we propose to introduce the following performance requirements for FDD/HD-FDD and TDD for UE category M1:
	Physical channel
	Test num.
	Test case description

	M-PDCCH
	1
	Distributed transmission test with large numbers of repetition and frequency hopping

	M-PDSCH
	1
	TM2 test with large numbers of repetition and frequency hopping


For the next step, we should run simulation to study which combination of MCS/Aggregation levels and repetition level should be configured for M-PDCCH and M-PDSCH performance requirements.

Proposal8: study and decide the combination of MCS/Aggregation level and repetition level for UE demodulation performance requirements.
4   Conclusion
In this contribution, we discuss the demodulation performance and CSI requirements for eMTC. The proposals are summarized as follows.
Proposal1: in principle, RAN4 should specify the UE demodulation performance requirements for CE mode A and CE mode B, separately. At the same time, RAN4 should minimize the test case number to reduce the test cost.

Proposal2: the test purposes of eMTC downlink 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 and the single Rx;

· Verify the support of frequency hopping and frequency retuning.
Proposal3: when designing the eMTC demodulation performance requirements, we would like to consider the following scenarios as the typical use cases:

· Normal coverage with low mobility, SNR( -6 dB;
· Normal coverage with medium mobility, SNR( -6 dB;

· Enhanced coverage with low mobility, SNR( -15 dB.
Proposal4: to reduce the test case number, it is proposed 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 except for PBCH.
Proposal5: it is proposed to use [-6dB-Δ1, -6dB+Δ1] as the targeting operating SNR values for selecting the combinations of modulation schemes and repetition levels for CE mode A downlink demodulation tests, and [-15dB-Δ2, -15dB+Δ2] for CE mode B downlink demodulation tests.
Proposal6: there is no need to specify PSS/SSS, and specific SIB1bis, paging performance, and CSI requirement for eMTC for CE mode B.
Proposal7: for eMTC CE mode B, we propose to introduce the following performance requirements for FDD/HD-FDD and TDD for UE category M1:
	Physical channel
	Test num.
	Test case description

	M-PDCCH
	1
	Distributed transmission test with large numbers of repetition and frequency hopping

	M-PDSCH
	1
	TM2 test with large numbers of repetition and frequency hopping


Proposal8: study and decide the combination of MCS/Aggregation level and repetition level for UE 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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