3GPP TSG-RAN WG4 #75
R4-152808
Fukuoka, Japan, 25th – 29th May 2015
Agenda item:
7.8.4.1
Source: 
Qualcomm Incorporated
Title: 
4 Rx PDSCH demodulation performance requirements
Document for:
Discussion
1. Introduction
In RAN4 #67, a new RAN4 WI “LTE DL 4 Rx antenna ports” was approved [1] with following objective for PDSCH demodulation performance requirements. 

The objectives for demodulation requirements of PDSCH for 4 Rx AP are the following

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

In this contribution, we provide our view on overall framework for 4 Rx PDSCH demodulation performance requirements. 
2. Discussion
PDSCH demodulation with 4 Rx antenna can provide improved diversity gain for rank 1 and rank 2 PDSCH as well as enhanced peak throughput with rank 3 and rank 4 PDSCH in favorable channel condition. For rank 1 and rank 2 PDSCH, 4 Rx demodulation requires simple extension of existing 2 Rx demodulation including channel estimation and MIMO detection. On the other hand, demodulation of rank 3 and rank 4 PDSCH requires additional rank 3/4 layer mapping and higher rank MIMO detection. Therefore, RAN4 should address specification of PDSCH performance requirement for rank 1/2 PDSCH and rank 3/4 PDSCH separately. 
2.1. Rank 1/2 PDSCH demodulation
For rank 1/2 PDSCH, we expect substantial performance improvement with 4 Rx demodulation relative to 2 Rx due to increased diversity combining gain at UE receiver. For 2 Rx antenna receiver, we already have comprehensive PDSCH demodulation performance requirements for various transmission modes (TM), rank, MCS, antenna configuration, propagation channel and interference conditions. For 4 Rx antenna receiver, it would desirable to select subset of existing 2 Rx performance requirements to verify improved demodulation performance with 4 Rx demodulation. 
2.1.1. Transmission mode

For transmission mode, we should cover both CRS-based and DM-RS based transmission modes. For CRS based TMs, we would like to propose to introduce new 4 Rx tests for following TMs. 
· TM2 with 2x4 antenna

· TM3 with 2x4 antenna

· TM4 single layer with 2x4 antenna

· TM4 dual layer with 4x4 antenna

For DM-RS based TMs, we would like to propose to introduce new 4 Rx tests for following TMs.
· TM8/TM9 single layer with 2x4 antenna

· TM9 dual layer with 2x4 antenna

We can reuse MCS and propagation channel of existing 2 Rx requirements as a starting point for evaluation. In case no significant issues are identified, we might reuse MCS and propagation channel condition. Table 1 lists proposed new 4 Rx performance requirements for rank 1/2 PDSCH. 
Proposal 1. Consider rank 1/2 PDSCH demodulation test in table 1 as candidate test cases for 4 Rx UE. 
Table 1. Rank 1/2 PDSCH demodulation test for 4 Rx antenna
	TM
	Rank
	Antenna configuration
	MCS
	Propagation channel

	TM2
	1
	2x4 Medium
	16QAM 1/2
	EVA5

	TM3
	2
	2x4 Low
	16QAM 1/2
	EVA70

	TM4
	1
	2x4 Low
	QPSK 1/3
	EVA5

	TM4
	2
	4x4 Low
	64QAM 1/2
	EPA5

	TM8/9
	1
	2x4 Low
	QPSK 1/3
	EVA5

	TM9
	2
	2x4 Low
	16QAM 1/2
	EPA5


2.1.2. Advanced features
In 36.101, PDSCH demodulation tests were defined for various advanced features such as CA, eICIC/FeICIC, CoMP, MMSE-IRC, 256QAM, eIMTA and SU-MIMO receiver. Also, performance requirement for NAICS receiver is being defined for Rel-12 UE. For verification of advanced features, RAN4 has general principle that each feature is individually verified instead of being jointly verified unless joint verification provides significant benefit. Following same principle, it is desirable not to combine 4 Rx feature with any other advanced features unless significant benefit is identified. 
Proposal 2. Don’t combine 4 Rx feature with any other advanced features unless significant benefit is identified.

For 4 Rx receiver, one important change from 2 Rx receiver is enhanced interference rejection combining (IRC) capability based on 4x4 noise/interference covariance matrix estimation. Increase in number of receiver antenna will provide additional signal dimension that can be utilized for improved interference suppression. Also, interference suppression can be achieved for rank 2 serving PDSCH with 4 Rx antenna while only rank 1 serving PDSCH can enjoy IRC gain when UE has only 2 Rx antenna. 
Proposal 3. Consider introducing performance requirements for MMSE-IRC receiver for 4 Rx antenna. 

For Rel-11 MMSE-IRC receiver, test cases were defined for TM2 serving with TM2/TM3 interference, TM4 serving and TM4 interference and TM9 serving with TM9 interference. As mentioned above, with 4 Rx antenna, it is expected that we can observe IRC gain even for rank 2 serving case. We would like to propose to evaluate 4 Rx MMSE-IRC performance for following configuration. 
Proposal 4. Evaluate test cases in table 2 as candidates for MMSE-IRC test for 4 Rx antenna UE. 

Table 2. MMSE-IRC tests for 4 Rx antenna

	Serving TM/rank
	Interference TM
	Antenna configuration
	MCS
	Propagation channel

	TM2
	TM2/TM3
	2x4 Low
	TBD
	TBD

	TM3
	TM2/TM3
	2x4 Low
	TBD
	TBD

	TM4 rank 1
	TM4
	2x4 Low
	TBD
	TBD

	TM9 rank 1
	TM9
	2x4 Low
	TBD
	TBD


2.2. Rank 3/4 PDSCH demodulation performance

2.2.1. Reference receiver

For rank 3/4 PDSCH demodulation, RAN4 first needs to agree on reference receiver for rank 3/4 PDSCH demodulation. For rank 2 PDSCH demodulation, RAN4 introduced enhanced performance requirement with RML/CWIC receiver in Rel-12 SU-MIMO WI. Considering that increase in receiver complexity for RML or CWIC receiver relative to MMSE-IRC receiver is significantly higher for rank 3/4 PDSCH than rank 2 PDSCH, it would be desirable to define performance requirements for higher rank PDSCH based on MMSE-IRC receiver to allow broader adoption of the feature. As was done for rank 2 PDSCH demodulation, enhanced receiver for rank 3/4 PDSCH can be introduced in later release if strong need for such enhanced receiver is identified. 
Proposal 5. Consider MMSE-IRC receiver as reference receiver for rank 3/4 PDSCH demodulation. 

2.2.2. Transmission mode
In order to support rank 3/4 PDSCH, both eNB and UE should be aligned regarding 4 layer support since 
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 or RI bit length in CSI reporting is different between 2 layer and 4 layer PDSCH transmission. There are two signaling options available for UE to indicate 4 layer capability.
· Option 1: UE can signal UE-category=5 to declare 4 layer support. Note that UE can signal UE-category=5 only when UE also signals ue-Category-v1020=8. Therefore, UE-category=5 cannot be signaled by any practical CA UE with ue-Category-v1020=6 or 7. 
· Option 2: UE can signal UE-category=4, ue-Category-v1020=6 or 7 and supportedMIMO-CapabilityDL-r10=4 for bands that support 4 layer operation. 

It seems that option 2 is the only viable way for 4 layer capability signaling. However, this option is applicable only for TM9/TM10 due to following restriction in [3]. 

The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category in the UE-EUTRA-Capability IE is only applicable to transmission mode 9 and transmission mode 10.

Observation 1. Capability signalling for 4 layer is allowed only for TM9 and TM10. 
Proposal 6. Introduce rank 3 and rank 4 PDSCH demodulation performance for TM9. 

Table 3 lists proposed new 4 Rx performance requirements for rank 3/4 PDSCH. 

Proposal 7. Consider rank 3/4 PDSCH demodulation test in table 3 as candidate test cases for 4 Rx UE. 

Table 3. Rank 3/4 PDSCH demodulation test for 4 Rx antenna

	TM
	Rank
	Antenna configuration
	MCS
	Propagation channel

	TM9
	3
	4x4 Low
	TBD
	TBD

	TM9
	4
	4x4 Low
	TBD
	TBD


2.3. Test applicability

As pointed out in [2], it is expected that 4 Rx antenna is implemented on UE as per-band per-CC feature since universal implementation of 4 Rx antenna is not feasible. When UE implements 4 Rx antenna only in certain bands while only 2 Rx antenna is still used for the rest of bands, we need to clarify how demodulation and CSI performance requirements are applied. 
Since 2 Rx demodulation is still valid operation mode in certain band with single carrier operation or in certain component carriers (CC) in CA operation, all 2 Rx performance requirements should be applicable to 4 Rx UE. On top of that, 4 Rx UE should be satisfy newly defined 4 Rx performance requirements. In this way, we can guarantee that UE can meet all existing performance requirements without duplicating all 2 Rx requirements under 4 Rx set up. Also, this approach will allow RAN4 to focus on verification of essential changes in UE implementation with 4 Rx antenna. 
Proposal 8. All 2 Rx performance requirements should be applicable to 4 Rx UE. 
3. Conclusions

In this contribution, we provided our view on overall framework for 4 Rx PDSCH demodulation performance requirements. Our observations and proposals are
Observation 1. Capability signalling for 4 layer is allowed only for TM9 and TM10. 
Proposal 1. Consider rank 1/2 PDSCH demodulation test in table 1 as candidate test cases for 4 Rx UE. 

Proposal 2. Don’t combine 4 Rx feature with any other advanced features unless significant benefit is identified.

Proposal 3. Consider introducing performance requirements for MMSE-IRC receiver for 4 Rx antenna. 

Proposal 4. Evaluate test cases in table 2 as candidates for MMSE-IRC test for 4 Rx antenna UE. 

Proposal 5. Consider MMSE-IRC receiver as reference receiver for rank 3/4 PDSCH demodulation. 

Proposal 6. Introduce rank 3 and rank 4 PDSCH demodulation performance for TM9. 

Proposal 7. Consider rank 3/4 PDSCH demodulation test in table 3 as candidate test cases for 4 Rx UE. 

Proposal 8. All 2 Rx performance requirements should be applicable to 4 Rx UE. 
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