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1 Introduction

Discussion on Rel-10 UE categories and UE capabilities have been carried out since the REL-10 WIs were set up. [1] analyze several proposals on UE RF capability parameters sets and propose to report the number of antennas, the number of RF chains per antenna, the frequency band supported within each RF chain and the bandwidth of each RF chain to eNB so that eNB can get the clear picture of UE RF capabilities. This proposal was discussed in RAN4 meeting ad hoc #2010-03 in Bratislava. Several concerns have been proposed on whether UE should report its RF architecture to eNB and which signalling should be reported. In this paper, we give further discussion on these concerns. 

2 Discussion on whether the UE should report its RF architecture to eNB
In rel-8, the baseline UE architecture is 2RX1TX. The other UE RF capabilities can be implicitly derived from other parameters. For example, eNB may know the number of RX chains from UE category.  
In rel-10, both CA and UL-MIMO are introduced. The possible UE architectures for Rel-10 may have so many forms that there is no baseline UE architecture defined for Rel-10. For example, UE may use 2 20MHz RF chains or 1 40MHz RF chain for 40MHz carrier aggregation. In the following, we discuss the reasons that the eNB should have a good knowledge of the UE RF architecture. 
Reason 1: eNB needs to know the UE RF architecture to decide how to achieve the maximum data rate
As we have discussed in [1], the Rel-10 maximum data rate can be achieved via increased number of component carriers and/or increased number of layers. For example, the uplink data rate 100MHz can be achieved via 2CCs with each CC 1 layer or 1 CC with 2 layers. For the UEs with architecture type 1 in Figure 1, eNB needs to configure 2 active CCs to achieve the maximum data rate. For the UEs with architecture type 2, if both RF chains work in the same band, eNB may configure the UE 2 CCs with 1 transmit antenna per CC or 1 CC with 2 layers transmission to achieve the maximum data rate. If the two RF chains work in different band, the eNB can not configure UE 1 CC with 2 layers transmission. 
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Figure 1 UE RF architectures for 100MHz uplink data rate
Reason 2: Knowledge of the UE RF architecture enables the eNB to perform power saving scheduling.
As discussed in [2], UE reporting its RF architecture can enable power saving scheduling at the eNB. Assuming UE has the capability of 2 DL CC aggregation, UE may use one 40MHz RF chain or two 20MHz RF chains for receiving. For UE uses one 40MHz RF chain, from RF point of view, 1 or 2 active 2 CCs consume same amount of power. Therefore, scheduling 2CC for a UE is more power efficient since the time of receiving same data is half of that of 1 CC. While for a UE uses two 20MHz RF chains, there is no obvious power saving to allocate UE 1 CC instead of 2 CCs from RF point of side. The same thing happened to the uplink. 
Reason 3: eNB needs to know UE architecture to decide whether there is a glitch when configure/remove a CC, activate/deactivate a CC, and start/end the measurement on a CC
As discussed in [3], if UE uses one RF chain for intra-band CA, there is interruption to the primary CC when configure or remove a secondary CC. If UE uses RF retuning to save power, the glitch exists when activate/deactivate the secondary CC or when start/end the measurement on the secondary CC. For UE uses two RF chains for intra-band CA, there is no glitch issue when change the number of CC. With the knowledge of the UE RF architecture, eNB knows whether there is a glitch issue to avoid scheduling transmission during the interruption or avoid the unnecessary transmission interruption. 
Reason 4: eNB needs to know UE architecture to decide the active time of a configure/remove, active/deactive command.
As discussed in [4][5], the active time for a new CC in the same RF chain  is the RF retuning time. It may be less than 1ms. The activating time for a new RF chain is much longer than that of retuning and its range may be from 1 to 20 ms depending on UE implementation. eNB should be informed of the difference of active time and should not scheduling any transmission/reception on the new configured/actived CC during that period. 
In summary, knowledge at the eNB of the UE RF architecture has the benefit in areas of flexible CA/MIMO configuration, power saving scheduling, CC configuration/removal, CC active/de-active and measurement.
3 Contents of UE RF Architecture Report 
Since it is not possible and not necessary to report all the details of UE RF architecture to the eNB, the parameters which can give eNB necessary information should be reported. Table 1 lists the necessary parameters for different reasons. 
Table 1 Parameters needed for different reasons
	
	Flexible CA/MIMO configuration[1] 
	Power saving scheduling
	CC configuration/removal, CC active/de-active and measurement

	Necessary parameters
	· Number of antenna ports
· Number of RF chains per antenna
· Frequency band supported within each RF chain
· Bandwidth of each RF chain
	· Number of RF chains
· Frequency band supported within each RF chain

· Bandwidth of each RF chain
	· Number of RF chains
· Frequency band supported within each RF chain

· Bandwidth of each RF chain


From table 1, to meet the requirements on UE RF capability, what UE should report includes:
· Number of antenna ports
· Number of RF chains per antenna port
· Frequency band supported within each RF chain
· Bandwidth of each RF chain
In addition, the UE CA and MIMO capability can be derived from these parameters. For example, the supported band list can be derived from parameter “frequency band supported with each RF chain”. The CA capabilities can be derived from parameters “number of RF chain per antenna port” , ”frequency band supported within each RF chain” and “Bandwidth of each RF chain”. The MIMO capability of each band can be derived from parameters “number of antenna ports”, “number of RF chains per antenna” and “frequency band supported with each RF chain”.
There are several proposals on UE RF capability parameters. For example, [6] proposes to report the following parameters:
· Frequency band or bands over which the aggregation is supported
· Supported bandwidth for each frequency band
· Number of CCs for “Contiguous” carrier aggregation
· Number of supported layers
[7] proposes to report the following parameters:

· Number of RF chain capability
· Frequency band supported within each RF chain

· Number of supported CC for continuous carrier aggregation within each band in each RF chain 
As we have analyzed in [1], proposal of [6] can not clearly convey the CA capability when there are several RF chains for CA and it separates the MIMO capability with CA capability. While the proposal in [7] considers the CA capability only. 
In summary, UE should report the number of antenna ports, the number of RF chains per antenna port, the frequency band supported within each RF chain and the bandwidth of each RF chain to eNB. 
4 Conclusion 
In this contribution, we give several reasons for UE RF architecture reporting and the parameters to convey UE RF architecture and RF capability. We propose UE reports the following parameters to eNB:

· Number of antenna ports
· Number of RF chains per antenna
· Frequency band supported within each RF chain
· Bandwidth of each RF chain
If this proposal is accepted by the group, it is recommended for RAN4 to send a LS to RAN1/RAN2 to ask RAN2 define the corresponding signalling and ask RAN1 to consider RAN4’s agreement.
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