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1. Introduction

In RAN#52 the LTE_CA_B41 WI [1] was approved with one of the core related objectives of considering aggregation of appropriate channel bandwidths with up to 2 CCs on the DL and 1 or 2 CCs on the UL at the UE. The plan to study this aspect was captured in the project plan [2] and is also noted in the TR [3]. 

So far only the case of 2 CC DL with 2 CC UL has been explicitly considered for intra-band contiguous CA as part of the Release 10 LTE_CA WI in RAN4. This contribution discusses the rationale why RAN4 may need to consider the case of 2 CC DL with 1 CC UL in the intra-band case and what implications this may have for the RAN4 specifications, depending on assumed implementation architectures supporting this arrangement.

The intention of this contribution is to stimulate the discussion, primarily amongst UE vendors and experts, to see if it is believed that vendors will make chipsets that are capable of two CC DL but only 1 CC UL for intra-band contiguous CA, and if it is, what architectures can be considered feasible. This will enable RAN4 to determine what impact, if any, there will be to RAN4 specifications. 
2. Rationale for 2 CC DL and 1 CC UL support
[4] provides a more detailed discussion on the rationale for why this type of UE may be developed. 
In summary, while 2 CC DL can benefit all capable UEs in the cell, the potential benefit of 2 CC UL in terms of peak throughput increase is restricted to those UEs that have sufficient link budget. In addition to the discussion in [4], even the benefits of rapid load balancing on the UL may be limited if this results in multi-cluster allocations because of frequency hopping or the trend of highly asymmetric mobile broadband network usage continues (i.e. DL load is much higher than UL). 

3. Implications in the case of intra-band contiguous CA
A UE that operates using 2 CC DL with 1 CC UL results in a different aggregated bandwidth on the DL compared to that used on the UL transceiver path. 

For an FDD intra-band contiguous CA capable UE this is not a major problem as the DL and UL paths will be dealt with independently, due to the duplex spacing of the two carriers. As RRC signalling [4] enables independent DL and UL CA capability and configuration, a UE can simply indicate it can only support Bandwidth Class A on the UL and then be configured with the SCC (or SCell) as DL only. While such a configuration is not explicitly supported in the RAN4 specifications, it would be very easy to add as in this case the UE is considered to be Bandwidth Class C compliant on the DL and Bandwidth Class A compliant on the UL. Enabling such support would only require clarification of what UL configuration is needed in some of the receiver (DL) requirements. For example, receiver sensitivity where the UL configuration is currently specified as always consisting of a PCC and SCC.
However the situation is not so straightforward for the TDD case, as naturally two different aggregated bandwidths across the DL and UL would drive different local oscillator frequency requirements. As noted in [5] this could lead to some challenges in transceiver design.
4. Suggested ways forward for supporting 1 CC UL for TDD CA
If it is decided that supporting 1 CC UL for TDD intra-band contiguous CA is justified, then there are several ways forward that could be considered, and possibly multiple could be supported by RAN4 specifications to give UE vendors flexibility in implementation.

The first, and probably most logical, would be to assume that situation would be the same as that described in Section 3; that the SCC would be configured as DL only and that the DL would then be tested against Bandwidth Class C compliance and the UL against Bandwidth Class A compliance. Such an assumption would imply that the DL and UL local oscillator must be offset, which is similar to the FDD case, but the offset is now much closer than typical. In the Band 41 case with combinations of 20+20, 20+15, 20+10 and 15+15MHz this would mean the LOs being offset between 9.9MHz (for 20+20MHz) and 4.95MHz (for 20+10MHz with 20MHz CC used for UL) in the case nominal channel spacing is used. This compares to a worst case offset of 30MHz for current FDD bands (Bands 12, 13, 14 and 17).
While this could be challenging to support, as noted earlier, UE vendors could consider how much it is possible to optimize the speed at which the LO can be re-tuned, if a single RFIC implementation is used. If additional time is required that is not significantly greater than that already allowed for (i.e. not more than the order of an OFDM symbol time) then it could be feasible to consider the sacrifice of a symbol to enable this. How this would need to be handled in the specifications, and of course need some consideration of how best to do this. 
Another approach could be for UE vendors to use a duplicated transceiver approach with one DL/UL transceiver and one DL only, or some other mechanisms that would enable two closely spaced LOs to co-exist without impacting each other. Alternatively maybe the need to support such an arrangement of closely space LOs will drive smart inventive solutions to solve this problem, and hence enable cost effective devices. 
In summary, if some way can be found to support closely offset LOs, either through rapid switching, isolation or some form of compensation or other novel approach, then this has the least impact to enabling support in the RAN4 specifications, as we can provide support in the form of Bandwidth Class C compliance for the DL and Bandwidth Class A compliance for the UL.

Another alternative would be to have a single transceiver where, despite the baseband DL and UL paths being different bandwidths, the DL and UL RF paths are the same. In this case the LO location on the UL is the same as on the DL. Therefore in the case of 20+20MHz on the DL, the UL RF path would be 40MHz capable. The baseband chipset would then only modulate one side of the UL carrier, as shown in Figure 4-1. 
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Figure 4-1. 2 CC DL / 1 CC UL arrangement in a 2 CC DL / 2 CC UL capable transceiver

The implication of such an arrangement is that the wanted RBs on the UL would generate an image component on the opposite side of the carrier. This is the same behaviour that would occur in the case of only the lower half of RBs in a 20MHz Release 8 carrier are modulated. 
As this image emission would still be “in-band” (in fact it is still “in-channel”) it would not cause any issues from a regulatory point of view. Also, in theory, it should not cause any on-channel issues either, as it would be the same situation as when a 2 CC UL capable UE is just modulating the RBs on either the PCC or SCC. 

However, the limitation of only being able to modulate the RBs on one CC would have some implications for the RAN4 and RAN5 specification. In short it would require a subset of test cases where the SEM, additional SEM, ACLR etc requirements are kept the same, but the test pattern is either all RBs on either the lower or upper UL CC. In addition, as supporting CA in the RF section is likely to be the majority of the cost in supporting 2 CC UL, probably such an arrangement of a 2 CC UL capable RFIC but only 1 CC UL baseband would be unlikely in reality.
5.
Summary

This contribution revisited the discussion on the rationale for why a class of UE supporting 2 CC DL with 1 CC UL could be considered feasible and has asked for advice from the UE vendors and experts as to whether such a baseband capable chipset may be developed.
It provided a discussion on the implications of supporting 2 CC DL with 1 CC UL in the RAN4 UE specifications, pointing out that for the FDD intra-band contiguous CA case this would be fairly straightforward, if an operator and UE vendor considered it necessary for such a band.

However, it highlighted some of the potential issues for the TDD intra-band contiguous CA case, mainly relating to the LO arrangement implications when the aggregated channel bandwidth is different between the DL and UL.

A number of potential ways forward were presented, most of which were based on how to enable and support a type of UE that is Bandwidth Class C capable on the DL and Bandwidth Class A on the UL, as is allowed for inter-band CA. 

While this may be challenging to implement using current approaches in a single RFIC as the LO offset would be less than that required for the most challenging FDD bands, it would seem that specifications should not be written such that it is not allowed, which is the current situation of the 3GPP specifications for intra-band contiguous CA. If a UE vendor identifies a need and is able to provide a solution that would otherwise meet the specification requirements, then the specifications should not prevent this.

It is therefore proposed that RAN4 discuss if it is reasonable to remove this restriction for the case of intra-band CA, in particular for Band 41 CA, and hence enable UE vendors that identify a need for such a device type, and a smart approach for managing the issues, to implement 3GPP compliant solutions.
It is also proposed that RAN4 continue to discuss if there are other possible approaches that could be taken, and whether these may have further specification impacts, in which case RAN4 may want to also consider not restricting these other approaches for meeting such a device type. 
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