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Introduction
In Rel-13 4Rx performance requirements for LTE are developed, focusing on PDSCH demodulation and CSI. The Work Item is planned to be finalized during Q2-16. 
In the WI, RF core requirements for the combination of 4Rx and CA have been developed.  Performance requirements developed has only focused on single carrier deployment.  Therefore 4Rx combined with CA and DC is missing in the performance requirements
[bookmark: _GoBack]Background
In 36.101, there are performance requirements for CA for up to 5 component carriers for 1, 2 and 4 Tx antennas using TM1, TM3 and TM4. The UE categories are listed below and the number of CCs needed to support the throughput of the Category are added in two columns, one for a UE supporting 2 Layers and one for a UE supporting 4 Layers. 


[bookmark: _Ref442437758]Table 1: Nr of CCs needed per UE category based on 36.306, Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL,
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL
	Nr of CCs needed to achieve max throughput

	
	
	
	
	
	for 2 Layers UE
	for 4 Layers UE

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1
	
	

	DL Category 6
	301504
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)
	3654144
	2 or 4
	2
	1

	DL Category 7
	301504
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)
	3654144
	2 or 4
	
2
	1

	DL Category 9
	452256
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)
	5481216
	2 or 4
	3
	2

	DL Category 10
	452256
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)
	5481216
	2 or 4
	3
	2

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	4 
(64QAM) 
3
(256QAM)
	2


	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	4 
(64QAM)
3
(256QAM)
	2


	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4
	2
	1

	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8
	
	

	DL Category 15
	749856-798800 (Note 3)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	9744384
	2 or 4
	5 
(64 QAM)

4 
(256QAM)
	3 (64QAM)

2 
(256 QAM)

	DL Category 16
	978960 -1051360 (Note 3)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	12789504
	2 or 4
	5 
(256 QAM)
	4 (64 QAM)

3 (256 QAM)

	DL Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	8
	
	

	NOTE 1:	In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.
NOTE 2:	Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI.
NOTE 3: 	The UE indicating category x shall reach the value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of category x. The UE shall determine the required value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of the corresponding category, based on its capabilities (i.e. CA band combination, MIMO, Modulation scheme).




Discussion
In Table 1 it is seen that a UE supporting 4Rx and thereby 4 Layers, can support a category with fewer carriers than a 2 Rx UE. Cat 16 UEs can today support up to around 1Gbps. To achieve max TP in a Cat 16 UE with 2Rx, 256QAM, 2 Layers for 5CC is required. With 64 QAM it is not achievable. 
Using a 4Rx UE allows 4 Layers on each carrier and thereby there are, depending on environment, more combinations between the modulation, number of carriers and number of layers are possible. For Cat 16, with 64 QAM and 3 carriers with 4 Layers on each the UE reaches the needed throughput.. 
In the table it is also seen for the lower catogeries that Carrier Aggregation combined with 4Rx limits the number of used Component Carriers that are needed. Thereby, in case the propagation condition allows 4 Layers the number of carriers that needs to be used for one user is decreased.

Again, for a UE with DL Cat 16, see Table 1, as an example, there are several options to get a very high data rate. There is e.g. possibilities to use carrier aggregation over  up to 5 CCs, usage of different number of Layers etc. 
The number of layers that can be used depends on the propagation conditions and the correlation between the antennas. It is, when a 4Rx UE is used, quite common that 3 Layers can be used, but not 4 Layers. Therefore in 

 
Table 2: Different combinations of modulation Carrier Aggregation and number of layers to reach the required throughput
	Combination of CCs
	

	3CC* (149776+75376) 
(3 layers, 64QAM) 
+ 
2CC*75376 
(2 Layers, 64 QAM)
	5*20 MHz 

	4CC*149776 (4 layers, 64QAM)

	4*20 MHz

	3CC*(195816+97896) 
(3 Layers 256 QAM) 
 + 
1CC*(2*97896)
(2 Layers 256 QAM)
	4*20MHz



In Figure 1 the throughput of 4CC* 4CC*149776 (4 layers, 64QAM) is indicated. Follow CQI is used on an EVA5 channel with low correlation. 
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[bookmark: _Ref442699112]Figure 1: Simulated results of 64 QAM, 4 carriers with 4 Layers
Here it is seen that the throughput in realistic SNRs around 25 dB can be 750 Mbps, then it is increasing to be about 900Mbps at  SNR=30 dB. 
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[bookmark: _Ref442719703]Figure 2 Simulated results of 256 QAM, 3 carriers with 3 Layers and 1 carrier with 1 Layer


In Figure 2, the throughput of 3CC*(195816+97896) (3 Layers 256 QAM)  + 1CC*(2*97896)(2 Layers 256 QAM) is indicated.


Note also for lower data rates than these 1Gbps channels, when the available rank of the propagation conditions is 3 and occasionally 4 and coverage is limiting the datarate, it is beneficial to be able to utilize free capacity in the network to improve the instantaneous data rate to each user by increasing the available bandwidth with carrier aggregation. 
In order to utilize the rank of the propagation channels 4Rx UEs are needed, together with Carrier Aggregation the accumulated datarate from 3 or 4 Layers and Carrier Aggregation will increase the instantaneous data rate. Thereby, when there is free capacity in the NW, it is possible to increase the DL data rate to each UE.


Observation 1: With the combination of 4Rx and Carrier Aggregation the throughput is improved compared with 2Rx, both in performance of a 4Rx receiver and the possibility to schedule more MIMO layers to the UE.
In order to improve the available throughput in the network further it is proposed that advanced receivers such as IRC and CRS-IC are studied. With these receivers the maximum throughput in an interference limited scenarios is further enhanced. For these high capability UEs it is also reasonable to assume advanced receivers. 
Observation 2: Advanced receivers combined with 4Rx improve the capacity in the NW and the throughput to the UE.
Based on these observations it is proposed to start a new WI 
Proposal: Open a new performance WI for defining requirements for 4Rx UEs with up to 5 CCs
This WI is proposed to take general FDD and TDD carrier aggregation deployments with up to 4 layers per carrier into account as well as combined FDD/TDD CA. Also the deployments with Dual Connectivity shall be defined.
 
Conclusion
Observation 1: With the combination of 4Rx and Carrier Aggregation the throughput is improved compared with 2Rx, both in performance of a 4Rx receiver and the possibility to schedule more MIMO layers to the UE.
Observation 2: Advanced receivers combined with 4Rx improve the capacity in the NW and the throughput to the UE.
Proposal: Open a new performance WI for defining requirements for 4Rx UEs with up to 5 CCs
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