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1
Introduction

Carrier aggregation (CA) in Release 10 has three modes:
0) Intra-band contiguous,

1) Intra-band non-contiguous

2) Inter-band

Several eNodeB transmitter architectures have been discussed in RAN4 which are described in [1] and shown here in Figure 1. Note that all three types of transmitter architectures are specified as valid approaches for intra-band contiguous CA. 
[image: image1.emf]
Figure 1: Illustration of eNodeB Tx architectures for CA [1].

Table 1 from reference [2] illustrates various receiver architecture options for the UE for the three modes of CA. It is specified in [2] that for Option A, the UE may adopt a single wideband-capable (i.e. >20MHz) RF front end (i.e. mixer, AGC, ADC) and a single FFT, or alternatively multiple "legacy" RF front ends (<=20MHz) and FFT engines. It was mentioned in [2] that the choice between single or multiple transceivers comes down to a comparison of power consumption, cost, size, and flexibility to support other aggregation types. However, a closer inspection of the eNodeB transmitter architectures for CA reveals that Type D2 transmission from eNodeB cannot be supported by an Option A UE receiver architecture that supports a single RF front end and a single FFT unless special conditions are met. Those conditions mainly assume that the time of arrival difference between the two transmissions from the eNodeB arrive at the UE antenna is less than the duration of cyclic prefix (CP) minus a suitable margin that is related to the channel delay spread. Another important condition is the relative received signal power difference between two carriers also being within a suitable range in order to ensure adequate AGC operation. These two special conditions are guaranteed to be met only when the transmissions of Type 2D are from two collocated cells. However, the current standard specification does not specify that the component carriers in intra-band contiguous CA shall be collocated. Instead, the standard, in some cases, defines a Transmission Alignment Error (TAE) between two transmitters and the relative propagation delay difference (RPDD), which are the main contributors to the time of arrival difference observed at the UE antenna. In fact, the standard specification in [3] mandates that the TAE not to exceed 130ns for intra-band contiguous CA. While it is specified in [3] that UE should cope with an RPDD of up to 30us among the component carriers to be aggregated in inter-band CA, nothing is specified in standard on the expected RPDD for the case of intra-band CA. 
Table 1: Possible UE Architecture for the three carrier aggregation scenarios.
	Rx Characteristics

	Option 
	 Description 
(Rx architecture)
	Intra Band aggregation 
	Inter Band aggregation

	
	
	 Contiguous (CC) 
	Non- contiguous (CC) 
	Non- contiguous (CC) 

	A
	Single (RF + FFT + baseband) with BW>20MHz
	Yes
	 
	 

	B
	Multiple (RF + FFT + baseband) with BW≤20MHz
	Yes
	Yes
	Yes


Due to such an ambiguity in the standard specification, the UE implementation cannot adopt Option A with a single wideband-capable RF front end and a single FFT. Additional base band processing circuitry needs to be added to UE implementation (digital mixers, filters, timing delay adjustment, and two FFTs) which in some cases may result in unnecessary area cost and current consumption. Also, not that such additional complexity applied with a single wideband-capable RFIC will still not guarantee robust processing at the UE when the relative received signal power difference between two carriers is outside of a suitable range. 
As noted above, the special conditions which would allow UE implementation to adopt Option A with a single wideband-capable RF front end and a single FFT are typically met only for collocated eNodeBs or for very small cell areas. However, there are several possible deployment scenarios for CA wherein the primary and secondary cells may or may not be collocated. An example is the case of heterogeneous deployment with macro cells and remote radio heads [5]. 
In order to minimize the cost and power consumption at the UE, without compromising the flexibility of different deployment scenarios, it is desirable to introduce two classes of intra-band contiguous CA: (1) Collocated and (2) Non-collocated. This would allow the UE, based on its implementation, to communicate to network its capability of supporting intra-band carrier aggregation with the time of arrival difference in the excess of CP duration minus a suitable margin. It would also allow eNodeBs to communicate to the UE if a given pair of component carriers in intra-band contiguous CA are collocated, in which case the UE can save current consumption by disabling the part of circuitry required for non-collocated intra-band contiguous CA. 
2
Proposal
We therefore define the two classes of intra-band contiguous CA: (1) the Collocated one and (2) the Non-collocated one, and specify that UE should cope with RPDD of 1usec and 30usec, respectively. Thus, provisioning of the following signalling is needed:
1) Signalling from the UE to the Pcell, through capability exchange, about the UE’s capability of supporting Non-collocated intra-band contiguous CA.

2) Signalling from the Pcell to the UE to define if the Scell in intra-band contiguous CA is collocated or not. 

3
Conclusion
Based on the discussion above, a liaison statement (LS) from RAN-4 to RAN-2 is needed to request for additional signalling to be added to the specification as suggested by the proposal above.
Additional text changes are needed to the 36.300 document owned by RAN-2. A liaison statement is needed to incorporate the TAE and RPDD for intra-band CA as shown below.
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--Start of Changes in 36.300--

J.1
Deployment Scenarios

--- Missing Text----

The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation. A UE should cope with a relative propagation delay difference up to 30s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3s. A UE should cope with a relative propagation delay difference up to 1s among the component carriers to be aggregated in intra-band contiguous collocated CA. This implies that a UE should cope with a delay spread of up to 1.13s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.13s. A UE should cope with a relative propagation delay difference up to 30s among the component carriers to be aggregated in intra-band contiguous non-collocated CA. This implies that a UE should cope with a delay spread of up to 30.13s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.13s. A UE should cope with a relative propagation delay difference up to 30s among the component carriers to be aggregated in intra-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 30.13s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.13s.
--End of Changes in 36.300--

