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1 Introduction
A WI on the introduction of Band 31 was approved. Performance work should start. The aim of the performance work is to introduce selected tests to cover 5MHz bandwidth. PDSCH, PDCCH, PHICH  and CSI tests are needed. This document focuses on PDSCH demodulation performance.
In this paper we provide our view of the list of test cases which can be included in the initial phase. Document [1] provides the RMC which can be used as basis for the PDSCH demodulation performance together with initial simulation results.
2 Test List proposal
During the past years several demodulation tests have been introduced in 36.101 in order to make sure that the UE is providing sufficiently good performance under several transmission modes, channel conditions, SNR regions, antenna correlations, transmit antennas conditions and so on.

It may be challenging to double this work in a very limited amount of time. Instead it has been discussed to focus on a basic test coverage first and to extend the coverage in a later phase by considering advanced features and more recent transmission modes. 


The following tests have been introduced in 36.101

· For TMs based on Cell Specific Reference Symbols (CRSs) for both FDD and TDD
· TM1:

· Performance  with full allocation
· Performance with 1 PRB allocation in presence of MBSFN

· TM2:

· Performance with 2TX antenna port

· Performance with 4TX antenna port

· Performance with 2TX antenna port (ICIC)

· Enhanced Performance Requirement Type A with TM3 interference model
· TM3:
· Performance with 2Tx antenna ports

· Performance with 4Tx antenna ports

· Performance with 2TX antenna port (ICIC)

· TM4/TM6:

· Single layer spatial multiplexing with 2Tx antenna ports

· Single layer spatial multiplexing with 4Tx antenna ports

· Enhanced Performance Requirement Type A with TM4 interference model
· Multilayer spatial multiplexing with 2Tx antenna ports

· Multilayer layer spatial multiplexing with 4Tx antenna ports

· Power imbalance test with carrier aggregation 

· For TMs based on User-specific Reference Symbols for both FDD and TDD

· TM7 for TDD

· Single layer spatial multiplexing on antenna port 5

· TM8 for TDD

· Single layer spatial multiplexing on antenna port 7 and 8, with CDM multiplexed DM-RS with an without simultaneous transmission

· Dual layer spatial multiplexing

· TM9:

· Single layer spatial multiplexing for FDD
· Single layer spatial multiplexing with multiple CSI-RS configurations for TDD with and without simultaneous transmission
· Enhanced Performance Requirement Type A with TM9 interference model
· Dual layer spatial multiplexing for FDD
· Dual layer spatial multiplexing with multiple CSI-RS configurations for TDD only.
It seems clear that introducing new tests for all the above mentioned cases in a limited time frame is very challenging.
Hence we propose, in order to structure the work to concentrate first on the CRS-based tests as highlighted above.
Proposal 1. Introduce, as first priority, only cell specific reference symbols-based tests to extend the coverage to 5MHz bandwidth.

It is likely that the existing legacy requirements will not be always applicable as such and, according to our simulation results, it seems that a generic rule to reuse legacy requirements (fixed Delta wrt legacy requirement) is not possible as Delta would change depending on the test. This is due to e.g.  different control region usage (3 PDCCH symbols rather than 2 as for 10MHz) different sub-band size, different coding rate achieved wrt to the legacy test.  Hence, in order to make sure that new requirements can be introduced in a timely manner we propose to limit the introduction of new tests to the following cases:

· TM1:

· Performance  with full allocation

· Performance with 1 PRB allocation in presence of MBSFN

· TM2:

· Performance with 2TX antenna port

· Performance with 4TX antenna port

· Performance with 2TX antenna port (ICIC)

· Enhanced Performance Requirement Type A with TM3 interference model
· TM3:

· Performance with 2Tx antenna ports

· Performance with 4Tx antenna ports

· Performance with 2TX antenna port (ICIC)

· TM4/TM6:

· Single layer spatial multiplexing with 2Tx antenna ports

· Single layer spatial multiplexing with 4Tx antenna ports

· Enhanced Performance Requirement Type A with TM4 interference model
· Multilayer spatial multiplexing with 2Tx antenna ports

· Multilayer layer spatial multiplexing with 4Tx antenna ports

· Power imbalance test with carrier aggregation 

Proposal 2: It is proposed not to introduce new tests for 5MHz for MBSFN, (e)ICIC, Type A features or for carrier aggregation under the first phase.
2.1 TM1 tests
For TM1 the tests in Table 1 exist.
As it can be seen from Table 1 the existing coverage for 5MHz is not as extensive as for 10MHz. 

The following tests could be introduced in order to extend the coverage.

· QPSK 1/3 tests are missing. New test can be introduced based on R.2 FDD and EVA5, in the footstep of test 1.

· 64QAM ¾ tests with ETU70, low correlation are missing, New tests can be defined based on  R.6 FDD and R.6-1 FDD, ETU 70, low correlation

· 64QAM ¾ tests with EVA5 and high correlation are missing. New tests can be defined based on  R.6 FDD and R.6-1 FDD, EVA 5, high correlation

· Single PRB allocation based test. A new test can be introduced for 5MHz similarly to test 17 and 18, i.e. based on R.1 FDD, ETU70, low and 30% throughput test.

We think that TM1 could be de-prioritized compared to other TMs by considering the fact that it is not the most common used TM. However the tests which are already defined for 5MHz can be extended to cover also other UE categories.

Proposal 3: De-prioritize TM1 tests during the initial phase. 

Proposal 4: The need for these additional tests together with tests such as HST (equivalent of test 4) and QPSK test with very low coding rate (the equivalent of test 19) can be discussed further in a possible second phase.

Proposal 5: The UE category for which tests 6, 7 and 8 are applicable can be extended up to 8.

Table 1: Legacy tests defined for TM1.

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	Comments

	
	
	
	
	
	
	Fraction of maximum

throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-8
	-

(Note 3)

	1A
	2x10 MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.1
	3-8
	CL_A-A

(Note 2)

	2
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	-0.4
	1-8
	-

	3
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU300
	1x2 Low
	70
	0.0
	1-8
	-

	4
	10 MHz
	R.2 FDD
	OP.1 FDD
	HST
	1x2 Low
	70
	-2.4
	1-8
	-

	5
	1.4 MHz
	R.4 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	0.0
	1-8
	-

	6
	10 MHz
	R.3 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	6.7
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	6.7
	1-8
	16QAM, ½. Applicable also to categories > 1. 

	7
	10 MHz
	R.3 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.4
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.4
	1-8
	16QAM, ½. Applicable also to categories > 1.

	8
	10 MHz
	R.3 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	1-8
	16QAM, ½. Applicable also to categories > 1.

	9
	3 MHz
	R.5 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6
	1-8
	-

	10
	5 MHz
	R.6 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.4
	2-8
	Full allocation

	
	5 MHz
	R.6-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.5
	1
	Partial allocation

	11
	10 MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7
	2-8
	-

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1
	-

	12
	10 MHz
	R.7 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	19.0
	2-8
	-

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	18.1
	1
	-

	13
	10 MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 High
	70
	19.1
	2-8
	-

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 High
	70
	17.8
	1
	-

	14
	15 MHz
	R.8 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7
	2-8
	-

	
	15 MHz
	R.8-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.8
	1
	-

	15
	20 MHz
	R.9 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6
	3-8
	-

	
	20 MHz
	R.9-2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.3
	2
	-

	
	20 MHz
	R.9-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1
	-

	16
	3 MHz
	R.0 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	-

	17
	10 MHz
	R.1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	-

	18
	20 MHz
	R.1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	-

	19
	10 MHz
	R.41 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-5.4
	1-8
	-

	20
	2x20 MHz
	R.42 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.3
	5-8
	CL_A-A (Note 2), CL_C

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:
30usec timing difference between two CCs is applied in inter-band CA case.

Note 3:
Test 1 may not be executed for UE-s for which Test 1A is applicable.


2.2 TM2 tests
2.2.1 TM2 tests with 2 antenna ports
The tests in Table 2 are defined so far for TM2 with 2 antenna ports:

Table 2. Legacy tests for TM2 with 2 tx antenna ports

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	6.8
	2-8

	
	5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	5.9
	1-8

	2
	10 MHz
	R.10 FDD
	OP.1 FDD
	HST
	2x2 Low
	70
	-2.3
	1-8


As it can be seen a 5MHz test is already defined but applicable only to category 1. This test can be extended to higher categories as well. 

Proposal 6: Change the UE category for which test 1 with 5MHz is applicable (1-8).  No other tests need to be added.
2.2.2 TM2 tests with 4 antenna ports

The tests in Table 3 are defined so far for TM2 with 4 antenna ports:

Table 3. Legacy and new tests for TM2 with 4 tx antenna ports

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	1.4 MHz
	R.12 FDD
	OP.1 FDD
	EPA5
	4x2 Medium
	70
	0.6
	1-8

	2
	10 MHz
	R.13 FDD
	OP.1 FDD
	ETU70
	4x2 Low
	70
	-0.9
	1-8

	3
	5 MHz
	R.54 FDD
	OP.1 FDD
	ETU70
	4x2 Low
	70
	TBD
	1-8


We propose here to introduce a new test based on 5MHz, with the same conditions as test 2. In a separate paper we provide the detailed test set up together with initial simulation results [1].

Proposal 7: Introduce a new test based on 5MHz with the same conditions as for test 2 (QPSK 1/3).
2.3 TM3 tests

2.3.1 TM3 tests with 2 antenna ports

The tests in Table 4 are defined so far for TM3 with 2 antenna ports:

Table 4. Legacy and new tests for TM3 with 2 tx antenna ports
	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	-

(Note 2)

	1A
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A

	2
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	3, 5-8
	CL_A-A, CL_C

	3
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.8 
	4
	CL_A-A, CL_C

	4
	5 MHz
	R.55 FDD or R.11-2 FDD depending on options
	OP.1 FDD
	EVA70
	2x2 Low
	70
	TBD
	1-8
	-



	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:      Test 1 may not be executed for UE-s for which Test 1A is applicable.


We propose here to add a test based on test 1.

Proposal 8: Introduce a new test based on 5MHz with the same conditions as for test 1 (16QAM 1/2).
2.3.2 TM3 tests with 4 antenna ports

The tests in Table 5 are defined so far for TM3 with 4 antenna ports:

Table 5. Legacy and new tests for TM3 with 4 tx antenna ports
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.14 FDD
	OP.1 FDD
	EVA70
	4x2 Low
	70
	14.3
	2-8

	2
	5MHz
	R.56 FDD
	OP.1 FDD
	EVA70
	4x2 Low
	70
	TBD
	1-8


A new test can be introduced based on test 1 with 5MHz. 
Proposal 9: Introduce a new test based on 5MHz with the same conditions as for test 1 (16QAM 1/2).
2.4 TM4/TM6 tests: 

2.4.1 TM4, Single-Layer Spatial Multiplexing 2 Tx Antenna Port
The tests in Table 6 are defined so far for TM4 with 2 tx antenna ports:

Table 6. Legacy and new tests for TM4 with 2 tx antenna ports
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	Comment

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.10 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-2.5
	1-8
	Reporting mode PUSCH 1-2

	2
	10 MHz
	R.10 FDD
	OP.1 FDD
	EPA5
	2x2 High
	70
	-2.3
	1-8
	Reporting mode PUSCH 3-1

	3
	5MHz
	R.57 FDD
	OP.1 FDD
	EPA5
	2x2 High
	70
	TBD
	1-8
	Reporting mode PUSCH 3-1


Test 1 is defined for PUSCH 1-2 reporting mode (subband precoding granularity)  while test 2 is defined for PUSCH 3-1 (wideband precoding granularity).
We propose here to limit the new test to the case of wideband reporting mode during the first phase, by considering that PUSH 1-2 is defined as the reporting mode for TM4 test with 4 Tx antenna port, section 2.4.2.

Proposal 10: Introduce a new 5MHZ test with PUSCH 3-1.
2.4.2 TM4, Single-Layer Spatial Multiplexing 4 Tx Antenna Port
The tests in Table 7 are defined so far for TM4 with 2 tx antenna ports:

Table 7. Legacy and new tests for TM4 with 4 tx antenna ports
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.13 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	-3.2
	1-8

	2
	5MHz
	R.54 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	TBD
	1-8


We propose the following:
Proposal 11: Introduce a new 5MHZ test with PUSCH 1-2 reporting mode as for legacy test. (the same RMC as for Section 2.2.2 can be reused).
2.4.3 Multi-Layer Spatial Multiplexing 2 Tx Antenna Port
The tests in Table 8 are defined so far for multilayer spatial multiplexing with 2 tx antenna ports:

Table 8. Legacy and new tests for multilayer spatial multiplexing with 2 tx antenna ports
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	 R.35 FDD
	OP.1 FDD
	 EPA5
	2x2 Low
	70
	18.9
	2-8

	2
	10 MHz
	R.11 FDD
	OP.1 FDD
	ETU70
	2x2 Low
	70
	14.3
	2-8

	3
	5 MHz
	 R.58 FDD
	OP.1 FDD
	 EPA5
	2x2 Low
	70
	TBD
	1-8


It is proposed to add a single 5MHz based test. The advantage of following test 2 is that the RMC would be already defined because of other tests. The advantage of following test 1 would be to expand to coverage and to consider a different target MCS. We have a slight preference for the second option, i.e. following test 1 (EPA5, 64QAM 1/2).

Proposal 12: Introduce a new 5MHZ test  by following Test 1.

2.4.4 Multi-Layer Spatial Multiplexing 4 Tx Antenna Port
The tests in Table 9 are defined so far for multilayer spatial multiplexing with 4 tx antenna ports:

Table 9. Legacy and new tests for multilayer spatial multiplexing with 4 tx antenna ports
	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	14.7
	2-8
	-

	2
	2x10 MHz
	R.14 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.8
	3-8
	CL_A-A

	3
	2x20 MHz
	TBD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	TBD
	5-8
	TBD

	4
	5 MHz
	R.59 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	TBD
	1-8
	-

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.


We propose the following.
Proposal 13: Introduce a new 5MHZ test by following Test 1.

3 General test set up

It should be noted that the test set up will be slightly different wrt to the legacy 10MHz carrier case.

36.101 already defines in table 8.2.1-1 the following:
	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths


The goal is to have similar control channel conditions independently from the channel bandwidth as in demodulation tests PDCCH is considered as error free.

Hence all the tests set up should be based on the assumptions that 3 symbols are configured for PDCCH.

An other difference which should be taken into account is the sub-band size which changes depending on the carrier bandwidth. i.e. 6 PRBs for 10MHz and 4 PRBS for 5MHz. This aspect also should be taken into account.

In addition to this RAN 4 has to decide the strategy to follow for the definition of the RMC for 5MHz carrier. Three options can be considered

· Option 1: Consider the same MCS as for legacy 10MHz carrier.  The advantage is that it is straightforward. The drawback of this alternative is that because of the extended control region compared to 10MHz carrier the actual achieved coding rate will differ from the coding rate obtained for the 10MHz base test case, which can slightly change the SNR test point (possibly large difference in requirements).
· Option 2. For each new test, find the MCS applicable for 5MHz which minimize the difference between the target coding rate and the one obtained with the selected MCS for 5MHz carrier. The advantage of this approach is that the SNR test point will be closer to the one obtained for the legacy test compared to option 1. The drawback is that more work needed in order to find appropriate RMC for 5MHz. 
· Redefine MCS independently from the legacy test. The advantage is that there are no constraints on the MCS or coding rate selection, but this methodology requires new discussions on suitable test points, suitable coding rate depending on typical use case. 
We think that the easiest approach is to consider option 1 or option 2. Option 2 is more appropriate as it allows mimicing better the chosen conditions (target coding rate). RMC proposals for both the options are provided in document [1].
Proposal 14: Consider using option 1 or option 2 as strategy for the definition of new RMC (with preference for option 2).

4 Conclusions

In this paper we have provided our view for the test plan to test 5MHz carriers.

The proposals are as follows

Proposal 1. Introduce, as first priority, only cell specific reference symbols-based tests to extend the coverage to 5MHz bandwidth.

Proposal 2: It is proposed not to introduce new tests for 5MHz for MBSFN, ICIC, Type A features or for carrier aggregation under the first phase.

Proposal 3: De-prioritize TM1 tests during the initial phase. 

Proposal 4: The need for additional TM1 tests together with tests such as HST (equivalent of test 4) and QPSK test with very low coding rate (the equivalent of test 19) can be discussed further in a possible second phase.

Proposal 5: For TM1 the UE category for which tests 6, 7 and 8 are applicable can be extended up to 8.

Proposal 6: For TM2 with 2Tx antennas change the UE category for which test 1 with 5MHz is applicable (1-8). No other tests need to be added.
Add the following tests: 

· TM2 with 4Tx antennas following test 2 (QPSK 1/3).
· TM3 with 2Tx antennas following test 1 (16QAM 1/2).
· TM3 with 4Tx antennas following test 1 (16QAM 1/2)

· TM4 single layer spatial multiplexing with 2TX antenna following test 1 (PUSCH 3-1, QPSK 1/3)

· TM4 single layer spatial multiplexing with 4TX antenna following test 1 (QPSK 1/3)

· TM4 multi-layer spatial multiplexing with 2 tx antennas following test 1 (64QAM 1/2)

· TM4 multi-layer spatial multiplexing with 4 tx antennas following test 1 (64QAM 1/2)

Proposal 14: Consider using option 1 or option 2 as strategy for the definition of new RMC (with slight preference for option 2).
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