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Discussion
1. Introduction
In the last RAN4#74, there has been overall agreement on introducing PDSCH performance tests in 4-RX AP UE WI.  By introducing 4-RX antenna port (AP) UE, PDSCH performance is expected to be dramatically improved, therefore performance requirement is essential in Rel-13. In the last RAN4#74, PDSCH WI scopes have been determinded in [1] as 
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. 

Basically, all transmission modes can be considered for the performance tests. On the top of the general agreement, there also have been discussions on the number of MIMO layers. At the end of the meeting, RAN4 reached to no prioritization over MIMO layers. In this contribution, we further narrow down the test scope and test conditions of 4-RX AP PDSCH testcases.
2. Discussion
One of 4-RX AP UE WI goals is to achieve high data rate. A 4-RX AP UE performance enhancements with 4-MIMO layer  is considered as a key techonology item to achieve beyond 1Gbps data rate. In the RAN plenary meeting 67, Rel-12 new UE categories have been discussed, and it seems that 1Gbps data rate is getting closer to reality  [2].
From the needs of high data rate, RAN4 has considered CRS-TMs and DMRS-TMs performance requirements associated with the number of MIMO layer. First, we review the MIMO layer configurations for testcases under up-to-date 3GPP specs. In fact, as we reviewed 3GPP spec TS36.211, 212, 306, we found four MIMO layers are treated differently between CRS-TMs and DMRS-TMs as :
Up to current Rel-12 specs and UE categories, supportive number of MIMO of CRS-TMs and DMRS TMs :
· CRS-based TMs supports up to max 2-MIMO layers by UE categries 4,6,7,9,10,11 and 12
· DMRS-based TMs supports up to max 4-MIMO layers by UE UE categries 4,6,7,9,10,11 and 12
UE categories 4,6,7,9,10,11 and 12 are practically used for commerce.  Although UE category 5 supports CRS-TM 4-layers, however the UE cat is rarely commercialed. Also UE category  8 (3Gbps) indicating UE-category 5 seems an impratical capability.  There is no pratical UE category for CRS-TMs 4-MIMO layers supporting high data rates higher than  300Mbps. Also, there is no UE category supporting concurrent usecases of CRS-TM 4-layers and carrier aggregation. In fact, this spec situation makes CRS-TM 4-layers studies much less interesting in the Rel-13 WI.
Observation 1 : Up to current Rel-12 specs and UE categories, supportive number of MIMO of CRS-TMs and DMRS TMs :
· CRS-based TMs only supports up to max 2-MIMO layers by UE categries 4,6,7,9,10,11 and 12
· DMRS-based TMs supports up to max 4-MIMO layers by UE UE categries 4,6,7,9,10,11 and 12
There is no pratical UE category for CRS-TMs 4-MIMO layers supporting high data rates higher than 300Mbps.

Table 1 explains the reason of observation 1. Logical flows reaching to the observation are summerized as :  
Table 1: Supportive MIMO layer capabilities of CRS-TMs and DMRS-TMs in up-to-date Rel-12 spec
	Spec
	CRS-TMs
	DMRS-TMs

	Spec 36.212, 5.2.2.6  
	Maximum number of layers  =  
     minimum (  
          number of PBCH antenna ports,  
          Nue-Category_(without suffix)   
      )
	Maximum number of layers  =  
     minimum (  
         number of CSI-RS ports, 
         supportedMIMO-CapabilityDL-r10
      )

	Spec 36.306, 
4.1. 
	For practical UE cat 6,7,9,10,11 and 12,
they shall indicates ue-Category_(without suffix)=4. 
Therefore   Nue-Category_(without suffix)   = 2
	

	TS 36.306, 4.2.4.7
	
	SupportedMIMO-CapabilityDL-r10 is only applicable for TM9 and TM10.

	Conclusion
	Although number of PBCH antenna ports =4 (4TX),  
    then
minimum ( number of PBCH antenna ports,   Nue-Category_(without suffix)  ) = 2
	If number of CSI-RS ports =4 (4TX) and supportedMIMO-CapabilityDL-r10=4,  
       then
minimum (number of CSI-RS ports,   supportedMIMO-CapabilityDL-r10 ) = 4


where Nue-Category_(without suffix)  is  “Maximum number of supported layers for spatial multiplexing in DL” indicated by cat-1 to cat-5 in TS36.331 Table 4.1.-1.  The UE categories  2,3 and 4 sets max number of supported layer=2 in TS36.331 Table 4.1.-1.  

Therefore, there are prerequisits to start CRS-TMs 4-layers  performance discussions . The spec needs to be updated first to ensure general CRS-TMs 4-MIMO layer usecases.  Apparently, combining CRS-TMs 4-layers and carrier aggregation is not fully ready in the spec, which make it a less interesting topic. 
As the first step, there will be a reason that CRS-TMs mainly remain with 2-MIMO layers, meanwhile DMRS-TMs is allowed to be used with 4-MIMO layers in the spec. We think that CRS-TMs usecases with 4-layers must also be checked in the 4-RX AP UE WI. Since usecases of 4-MIMO-layers specifically targets at indoor deployments, benefits of CRS-TMs 4-layers  needs to be confirmed in indoor environments comparing to DMRS-TMs. 
After the usecases study, then spec needs to be updated with proper signalling to support CRS-TMs 4-layers like DMRS TMs.  3GPP TS 36.306, 4.1 and TS 36.212, 5.2.2.6 must be revised to support CRS-TMs 4-layers with additioanal UE capability reports. Possible spec statement changes are as below : 
1. TS36.306 : Introduce a new UE capability reports of SupportedMIMO-CapabilityDL-rXX applicable to CRS-TMs.
2. TS36.212, 5.2.2.6
Current statement : Otherwise the maximum number of layers is determined according to the minimum of the number of PBCH antenna ports and ue-Category (without suffix).
                             changes to
New statement : Otherwise the maximum number of layers is determined according to the minimum of the number of PBCH antenna ports and SupportedMIMO-CapabilityDL-rXX.
With the spec changes, finally, CRS-TMs 4-layer performance discussion can be meaningful. As discussed in the last meeting, 4-MIMO layers cannot be used over entire frequency bands. An UE needs to define which band can be supportive by 4-MIMO layers. Since CRS-TMs does not have such UE capability, introduction of the new UE capability is essential.

Since, the current up-todate 3GPP spec does not have CRS-TMs UE capability reports and a mechanism to determine max 4-MIMO layers, it is reasonable to define 2-MIMO layer requirement for CRS-TMs in Rel-13. As we think at this moment, CRS-TMs with 4-MIMO layers discussion is not so meaningful and interesting.

Under the given 3GPP spec, we propose 4-RX AP PDSCH performance requirement tests as below table 2
Proposal 1 : 

· An additional spec changes are required to enable CRS-TMs 4-layers in Rel-13.  Before enabling it, RAN4 needs to understand the intention of the current spec status. Since usecases of 4-MIMO-layers targets at indoor deployments, benefits of CRS-TMs 4-layers  need to be confirmed in indoor environments comparing to DMRS-TMs. 
· Since the current 3GPP spec does not have UE’s MIMO capability reports and a mechanism to determine max 4-MIMO layers for CRS-TMs, Rel-13 CRS-TMs test requirements can prioritize 2-MIMO layers studies first under the current spec.

Proposal 2: We propose PDSCH performance studies as Table-2 below
Table 2 : proposed PDSCH testcase list for Rel-13 4-RX AP UE WI
	TM
	Testcase (FDD)
	Reference testcases 
	Test for 4-RX AP UE

	TM1
	8.2.1.1.1 # 1
	10MHz, EVA5, 1x2 low 
	1x4

	TM2
	8.2.1.2.2 #1
	1.4MHz, 4x2 medium, EPA5 
	4x4 medium

	TM3
	8.2.1.3.2 #1
	10MHz, 4x2 low, EVA70, rank2 
	4x4 [low or medium]

	TM4
	8.2.1.4.1-1
	10MHz, 2x2 low, EVA5, rank1
	4x4 [medium]

	
	8.2.1.4.3 #1
	10MHz, 4x2 low, EPA5, rank2 
	4x4 [low or medium]

	
	8.2.1.4.1B-1
	10MHz, 2x2 low, EVA5, rank1, two interference cells 
	4x4 [low or medium]
FFS on inteferor BS configurations

	TM9
	8.3.1.1 # 2
	10MHz, single layer, 2x2 low, EPA5 
	4x4 [medium] , 4-CSI-RS ports, 2-CRS-ports

	
	8.3.1.1A
	10MHz, single  layer, 2x2 low, EVA5 

interference cells
	4x4 [medium], 4-CSI-RS ports, 
2-CRS-ports, FFS on inteferor BS configurations

	
	8.3.1.2 #1
	10MHz, dual layer, 2x2 low, ETU5 
	4x4 [medium], 4-CSI-RS ports, 
2-CRS-ports

	
	New
	
	10MHz, three layers, 4x4 [low], [EPA5], 4-CSI-RS ports, 2-CRS-ports

	
	New
	
	10MHz, four layers , 4x4 [low], [EPA5], 4-CSI-RS ports, 2-CRS-ports


3. Conclusion
Observation 1 : Up to current Rel-12 specs and UE categories, supportive number of MIMO of CRS-TMs and DMRS TMs :
· CRS-based TMs supports up to max 2-MIMO layers by UE categries 4,6,7,9,10,11 and 12
· DMRS-based TMs supports up to max 4-MIMO layers by UE UE categries 4,6,7,9,10,11 and 12
There is no pratical UE category for CRS-TMs 4-MIMO layers supporting high data rates (>300Mbps).

Proposal 1: 

· An additional spec changes are required to enable CRS-TMs 4-layers in Rel-13.  Before enabling it, RAN4 needs to understand the intention of the current spec status. Since usecases of 4-MIMO-layers targets at indoor deployments, benefits of CRS-TMs 4-layers  need to be confirmed in indoor environments comparing to DMRS-TMs. 

· Since the up-to-date 3GPP spec does not have UE’s MIMO capability reports and a mechanism to determine max 4-MIMO layers for CRS-TMs, Rel-13 CRS-TMs test requirements can prioritize 2-MIMO layers studies first under the current spec.

Proposal 2 : We propose PDSCH performance study as Table below

	TM
	Testcase (FDD)
	Reference testcases 
	Test for 4-RX AP UE

	TM1
	8.2.1.1.1 # 1
	10MHz, EVA5, 1x2 low 
	1x4

	TM2
	8.2.1.2.2 #1
	1.4MHz, 4x2 medium, EPA5 
	4x4 medium

	TM3
	8.2.1.3.2 #1
	10MHz, 4x2 low, EVA70, rank2 
	4x4 [low]

	TM4
	8.2.1.4.1-1
	10MHz, 2x2 low, EVA5, rank1
	4x4 [medium]

	
	8.2.1.4.3 #1
	10MHz, 4x2 low, EPA5, rank2 
	4x4 [low]

	
	8.2.1.4.1B-1
	10MHz, 2x2 low, EVA5, rank1, two interference cells 
	4x4 [low or medium]
FFS on inteferor BS configurations

	TM9
	8.3.1.1 # 2
	10MHz, single layer, 2x2 low, EPA5 
	4x4 [medium] , 4-CSI-RS ports, 2-CRS-ports

	
	8.3.1.1A
	10MHz, single  layer, 2x2 low, EVA5 

interference cells
	4x4 [medium], 4-CSI-RS ports, 

2-CRS-ports, FFS on inteferor BS

	
	8.3.1.2 #1
	10MHz, dual layer, 2x2 low, ETU5 
	4x4 [medium], 4-CSI-RS ports, 

2-CRS-ports

	
	New
	
	10MHz, three layers, 4x4 [low], [EPA5], 4-CSI-RS ports, 2-CRS-ports

	
	New
	
	10MHz, four layers , 4x4 [low], [EPA5], 4-CSI-RS ports, 2-CRS-ports
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