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1. Introduction
In RAN4 meeting #44bis contributions considering possible scenarios for LTE FDD UE demodulation requirements were discussed [2]-[4]. These were shortly covered in AdHoc’s held during RAN4#44bis [1]. In this contribution we try to summarise the possible requirement scenarios for all physical channels and provide a summary of the discussed PDSCH requirements, which seem more stabile..
2. Scenarios for single transmit antenna
2.1 PDSCH scenarios
The requirement scenarios for PDSCH with single transmit antenna can be considered to be were partially covered in agreed simulation cases for the RAN4#45 [6]. It is felt that the PDSCH requirements for single transmit antenna could be defined according to these lines. These included verification of the receiver performance with all supported modulation schemes (QPSK/16QAM/64QAM) and different coding rates (0.33/0.5/0.75) with full resource block allocation at 10MHz. These were set assuming low (zero) correlation between receive antennas. 
Additionally it was felt that the receiver performance should be verified with different agreed antenna correlations. It would seem that selecting single MCS and propagation profile would be sufficient to cover this. It is proposed that this is done in EVA5Hz and with 64QAM MCSs. The proposed requirements for PDSCH at 10MHz bandwidth with full resource block allocation are summarized in Table 1. 

Table 1. PDSCH requirements for 10MHz BW and full PRB allocation and antenna correlations
	Case #
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	1
	SIMO
	10 MHz
	50 PRB’s
	QPSK
	1/3
	EVA5
	Low

	2
	SIMO
	10 MHz
	50 PRB’s
	QPSK
	1/3
	ETU70
	Low

	3
	SIMO
	10 MHz
	50 PRB’s
	QPSK
	1/3
	ETU300
	Low

	4
	SIMO
	10 MHz
	50 PRB’s
	16QAM
	½
	EVA5
	Low

	5
	SIMO
	10 MHz
	50 PRB’s
	16QAM
	½
	ETU70
	Low

	6
	SIMO
	10 MHz
	50 PRB’s
	16QAM
	½
	ETU300
	Low

	7
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	EVA5
	Low

	8
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	ETU70
	Low

	9
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	EVA5
	[Medium]

	10
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	EVA5
	[High]


Furthermore to verify the performance with different bandwidth options, requirements assuming full PRB allocation using single MCS and propagation profile have been proposed, i.e. 64QAM with code rate 0.75 and EVA5Hz, as given in Table 2. To further verify performance at band edge resource blocks requirement using single resource block allocation has been also considered. These requirements are summarized inTable 3.

Table 2. PDSCH requirements for different bandwidths with full PRB allocation
	PDSCH Case #
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	11
	SIMO
	1.4 MHz
	6 PRB’s
	64QAM
	¾
	EVA5
	Low

	12
	SIMO
	3 MHz
	15 PRB’s
	64QAM
	¾
	EVA5
	Low

	13
	SIMO
	5 MHz
	25 PRB’s
	64QAM
	¾
	EVA5
	Low

	14
	SIMO
	15 MHz
	75 PRB’s
	64QAM
	¾
	EVA5
	Low

	15
	SIMO
	20 MHz
	100 PRB’s
	64QAM
	¾
	EVA5
	Low


Table 3. PDSCH requirements for different bandwidths with single PRB allocation

	PDSCH Case #
	Configuration
	Channel BW
	RB allocation
	RB location
	Modulation
	Coding rate
	Channel model
	Correlation

	16
	SIMO
	1.4 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	17
	SIMO
	1.4 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	18
	SIMO
	3 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	19
	SIMO
	3 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	20
	SIMO
	5 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	21
	SIMO
	5 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	22
	SIMO
	10 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	23
	SIMO
	10 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	24
	SIMO
	15 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	25
	SIMO
	15 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	26
	SIMO
	20 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	27
	SIMO
	20 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low


2.2 Other physical channels
Possible requirement scenarios for PDCCH and other channels have also been discussed in earlier papers [2]

 REF _Ref181081018 \r \h 
[5].

Based on discussion held in RAN4#44bis it would seem acceptable to verify the performance of PDCCH and PCFICH jointly. As the main aspect is to verify that UE is able to detect these channels properly, the PDCCH (and PCFICH) detection performance could be covered in single propagation profile (ETU70 is considered here). The need for requirements with different bandwidths is not clear at this stage, but is proposed at least to set requirements at 10MHz bandwidth. Similar assumptions could also be considered also for PHICH detection.
All afore mentioned requirements are proposed to be done assuming normal cyclic prefix. As discussed earlier, PMCH can be considered to be rather analog to PDSCH, e.g. same modulation and coding schemes can be used, apart from the lack of HARQ operation, limiting the need of separate requirements. However as PMCH can be considered to be most likely deployed with extended cyclic prefix it would appear to be meaning full to combine these into one requirement scenario. It should be considered if any of the existing propagation profiles could be used or whether a new propagation profile for SFN type of operation should be developed. One option, if test specific loop back option for PMCH is not desirable, is to benefit from the analogy between PDSCH and PMCH by defining verifiable requirements through PDSCH. 
PBCH verification was discussed in RAN4#44bis and also in earlier contributions. There seems to be consensus that requirements would need to be derived for PBCH. Further discussion is required to determine the most feasible way to address the PBCH performance verification. 
The considered requirements for PDCCH/PCFICH, PHICH and PMCH are summarised in Table 4. Details of these need to be further verified.
Table 4. Summary of considered requirement scenarios for other physical channels at 10MHz BW

	Case #
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	28
	PDCCH /PCFICH
	10 MHz
	-
	QPSK
	Format 1
	ETU70
	Low

	29
	PHICH
	10 MHz
	-
	-
	-
	ETU70
	Low

	30
	PMCH
Extended CP
	10 MHz
	50 PRB’s
	[TBD]
	[TBD]
	[TBD]
	Low

	31
	PBCH
	10 MHz
	-
	QPSK
	-
	[TBD]
	Low


3. Scenarios for multiple transmit antennas 

Operation with multiple transmit antennas include following options; 2TX or 4TX and spatial multiplexing or transmit diversity precoding. For spatial multiplexing precoding options regarding the use of CDD and number of code words also exist. 
3.1 Spatial multiplexing precoding
Some options regarding the spatial multiplexing were considered when the simulation assumptions for RAN4#45 where agreed [6]. Part of the planed simulation work is to identify suitable conditions of verifying the precoding feedback with different frequency domain granularity. It was considered in RAN4#44bis that most benefit from precoding can be seen with single code word, so for single code word simulations options of 5PRB and 50 PRB frequency domain granularity are considered. Thus simulations different propagation channels with different assumed frequency domain precoding vector granularity were proposed. It is also seen feasible to derive the demodulation requirements with spatial multiplexing along these lines. Additionally it has been discussed that there is a need to verify the MCW reception with full PRB allocation for all bandwidth These are also covered in Table 5.
Table 5. PDSCH requirements for 2TX spatial multiplexing precoding 
	PDSCH Case #
	Configuration
	Precoding FD granularity
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	32
	SCW
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EVA5
	Low

	33
	SCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low

	34
	SCW
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	ETU70
	Low

	35
	MCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low

	36
	MCW
	6 PRB
	1.4 MHz
	6 PRB’s
	64QAM
	¾
	EPA5
	Low

	37
	MCW
	15 PRB
	3 MHz
	15 PRB’s
	64QAM
	¾
	EPA5
	Low

	38
	MCW
	25 PRB
	5 MHz
	25 PRB’s
	64QAM
	¾
	EPA5
	Low

	39
	MCW
	75 PRB
	15 MHz
	75 PRB’s
	64QAM
	¾
	EPA5
	Low

	40
	MCW
	100 PRB
	20 MHz
	100 PRB’s
	64QAM
	¾
	EPA5
	Low


As the CCD can be considered to increases the frequency domain diversity, it would appear to be appropriate to verify it in a propagation channel having low FD diversity. Furthermore as small-delay cyclic delay diversity does not require UE to account it any specific manner, it is proposed that only the large delay CDD is verified in addition to the zero delay CDD (i.e. no CDD). It is initially felt that the large-delay CDD would be verified with both, SCW and MCW, settings, but the option of limiting the verification to only single case should be considered. Details regarding the performance verification of CDD would need to be further verified. 
It also proposed to be considered if these same combinations (of MCS and propagation channel) could be used for verifying the performance of spatial multiplexing with 4 transmit antennae. Additionally it should be considered whether it is the necessary to set requirements for all different number of layers ({1,2,3,4}) or could the verification be focused on highest number of layers.
The possible requirements scenarios for spatial multiplexing precoding with two and four  transmit antennae including the CDD are summarised in Table 6. Details of these would need further refinement.
Table 6. Possible additional PDSCH requirements for 2TX spatial multipexingwith CDD and 4TX 2TX spatial multipexing 
	PDSCH Case #
	Configuration
	Precoding FD granularity
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	41
	2TX SCW
Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	42
	2TX MCW
Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	43
	4 TX SCW
4 layers
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EVA5]
	Low

	44
	4TX SCW
4 layers
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	45
	4TX SCW 

4 layers
Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	46
	4TX MCW
4 layers

Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low


3.2 Transmit diversity precoding
Transmit diversity precoding can be done either using two or four transmit antennas. It can be applied to all physical channels apart PMCH. As the transmit diversity precoding effects to the OFDM symbols it may not be necessary to consider multiple physical channels. However, it maybe beneficial to verify the performance with two different physical channels having sufficiently different structure. Hence it is proposed that transmit diversity precoding performance would be verified using PDSCH and PDCCH/PCFICH. It could be further considered whether requirements for PDSCH assuming 64QAM modulation should be added in addition or to replace the 16QAM requirements. These are summarized in Table 7 and Table 8.
Table 7. Requirements for 2TX transmit diversity precoding and PDSCH
	PDSCH Case #
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	47
	Transmit Diversity precoding
	10 MHz
	50PRB’s
	16QAM
	1/2
	EVA5
	Low


Table 8. Summary of considered requirements for PDCCH with transmit diversity precoding
	PDSCH Case #
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	48
	Transmit Diversity precoding
	-
	-
	QPSK
	Format 2
	EVA5
	Low


4. Conclusions

In this contribution we have presented summary of the considered requirement scenarios focusing on the PDSCH and also scenarios for other physical channels. 
For certain aspects the considered PDSCH requirements can be seen to be rather stabile and it would appear to be possible to try to conclude these cases. For certain aspects of PDSCH requirements some further clarification may be needed. It is also good to observe that the number of requirement scenarios for PDSCH alone (excluding still certain aspects) is 37. These are listed in Annex A. Furthermore as discussed, additional scenarios need to be added for other physical channels, but these need further clarification as details related to these are partially open in RAN1. However it should be aimed to benefit from the L1 analogy as much as possible and cover these with limited number of scenarios. Considering the complete listing given in this contribution nearly 50 different cases were identified. As this list is not exhaustive and further work maybe needed for example to cover different frequency band options (with different max. BW) and other features.. 
Thus it is proposed that RAN4 considers the possible requirement scenarios and tries to come to an agreement for the complete extent of the requirements framework if possible. While doing this the over all number of scenarios should be kept in mind and possibilities to limit this should be seriously considered.
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Annex A. Summary of possible PDSCH requirement scenarios

Table 9. Summary of SIMO requirements with full PRB allocation
	Case #
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	1
	SIMO
	10 MHz
	50 PRB’s
	QPSK
	1/3
	EVA5
	Low

	2
	SIMO
	10 MHz
	50 PRB’s
	QPSK
	1/3
	ETU70
	Low

	3
	SIMO
	10 MHz
	50 PRB’s
	QPSK
	1/3
	ETU300
	Low

	4
	SIMO
	10 MHz
	50 PRB’s
	16QAM
	½
	EVA5
	Low

	5
	SIMO
	10 MHz
	50 PRB’s
	16QAM
	½
	ETU70
	Low

	6
	SIMO
	10 MHz
	50 PRB’s
	16QAM
	½
	ETU300
	Low

	7
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	EVA5
	Low

	8
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	ETU70
	Low

	9
	SIMO
	1.4 MHz
	6 PRB’s
	64QAM
	¾
	EVA5
	Low

	10
	SIMO
	3 MHz
	15 PRB’s
	64QAM
	¾
	EVA5
	Low

	11
	SIMO
	5 MHz
	25 PRB’s
	64QAM
	¾
	EVA5
	Low

	12
	SIMO
	15 MHz
	75 PRB’s
	64QAM
	¾
	EVA5
	Low

	13
	SIMO
	20 MHz
	100 PRB’s
	64QAM
	¾
	EVA5
	Low

	14
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	EVA5
	[Medium]

	15
	SIMO
	10 MHz
	50 PRB’s
	64QAM
	¾
	EVA5
	[High]


Table 10. Summary of SIMO requirements with single PRB allocation
	Case #
	Configuration
	Channel BW
	RB allocation
	RB location
	Modulation
	Coding rate
	Channel model
	Correlation

	16
	SIMO
	1.4 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	17
	SIMO
	1.4 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	18
	SIMO
	3 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	19
	SIMO
	3 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	20
	SIMO
	5 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	21
	SIMO
	5 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	22
	SIMO
	10 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	23
	SIMO
	10 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	24
	SIMO
	15 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	25
	SIMO
	15 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low

	26
	SIMO
	20 MHz
	1 PRB
	Upper edge
	QPSK
	1/3
	ETU70
	Low

	27
	SIMO
	20 MHz
	1 PRB
	Lower Edge
	QPSK
	1/3
	ETU70
	Low


Table 11. Summary of requirements with two transmit antennae and full PRB allocation with Transmit Diversity (TD) and spatial multiplexing (MIMO) precoding
	Case #
	Configuration
	Precoding FD granularity
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	28
	TD precoding
	-
	10 MHz
	50PRB’s
	16QAM
	1/2
	EVA5
	Low

	29
	MIMO SCW
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EVA5
	Low

	30
	MIMO SCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low

	31
	MIMO SCW
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	ETU70
	Low

	32
	MIMO MCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low

	33
	MIMO MCW
	6 PRB
	1.4 MHz
	6 PRB’s
	64QAM
	¾
	EPA5
	Low

	34
	MIMO MCW
	15 PRB
	3 MHz
	15 PRB’s
	64QAM
	¾
	EPA5
	Low

	35
	MIMO MCW
	25 PRB
	5 MHz
	25 PRB’s
	64QAM
	¾
	EPA5
	Low

	36
	MIMO MCW
	75 PRB
	15 MHz
	75 PRB’s
	64QAM
	¾
	EPA5
	Low

	37
	MIMO MCW
	100 PRB
	20 MHz
	100 PRB’s
	64QAM
	¾
	EPA5
	Low


