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1 Introduction
In the work item description for 4C-HSDPA it is stated that 3-4 carriers HSDPA operation is independent of DC-HSUPA, implying that the signaling needed to support 4C-HSDPA should be compatible with single UL carrier operation [1]. This gives a freedom to the NodeB scheduler to activate and deactivate DL and UL carriers in response to the current traffic needs. It has been noted in e.g. [2],[3],[4] that the minimum distance between the UL and DL frequencies may decrease as more DL carriers are added. For bands with small Tx-Rx frequency separation, this may cause increased self-interference onto the DL carriers that are closest to the UL frequencies, thus degrading the performance on these carriers. In [4] it is even suggested that signaling is introduced in order to indicate whether a UE supports simultaneous use of dual UL carrier operation and 3-4 DL carrier operation in per band. In this contribution we argue that this restriction is not needed. 
2 Discussion

The issue brought forward in e.g. [4] is that the decreased Tx-Rx frequency separation may result in degraded performance on the DL carriers that are closest to the UL carriers. It is therefore argued that in some scenarios it may even not be feasible to support dual UL carriers and 3-4 carrier operation with present UE technology. Instead of prohibiting DC-HSUPA operation support altogether, it was proposed to have simultaneous support signaled in order not to prohibit future enhancements. 
Though the basic concern raised in [4] is valid, we argue in this contribution that a DC-HSUPA capable terminal can and should support dual UL carrier operation in all 4C-HSDPA scenarios. In order to support this view, we consider both single and dual band operations below.

Figure 1  Different frequency arrangements for 4C-HSDPA in single band operation. Possible primary carriers are indicated in yellow.
2.1 Single-band operation

Figure 1 depicts the different possible frequency arrangements that may arise in single band operation with simultaneous use of two UL and four DL carriers. The yellow carriers indicate the ones that can be used for primary uplink and downlink carriers, which coincides with the carriers that are used for Rel.9 DC-HSUPA operation. Case a) in the figure indicates that the 3rd and 4th carriers are placed furthest away from the UL carriers, case b) with one carrier on each side, and case c) with the 3rd and 4th carrier being placed as close as possible to the UL carriers. In case b) the minimum Tx-Rx distance between carriers have been reduced by 5 MHz compared to Rel.9 DC-HSUPA operation, and in case c) it has been reduced by 10 MHz. This leads us to the following observation: 
Observation 1: The performance on the DL carriers when the minimum Tx-Rx distance is not reduced is expected to be similar to the one for DC-HSUPA, and therefore it is reasonable to assume that this configuration can be supported in a similar way as for Rel.9 DC-HSUPA. 

However, always placing the 3rd and 4th carriers as far away as possible would put unwanted and unnecessary restrictions on the network, and it will not be optimal from e.g. a load balancing perspective. Therefore it is desired also to configure some UEs according to cases b) and c) in Figure 1. In bands with small Tx-Rx frequency separation this may lead to additional desensitization on the carrier on frequency f1. This is further emphasizing the effect that was observed for Rel.9 DC-HSUPA, captured in the note in Section 7.3.2 of [5] stating that “there might be a substantial Rx de-sensitization for the UE operating in bands which have less than 80 MHz Tx-Rx frequency separation, transmitting on more than one uplink frequency, at maximum power.” This effect is worse for the carrier closest to the UL frequencies, though both carriers may be affected.
One big difference between case a) – which is similar to Rel.9 DC-HSUPA – and cases b) and c) is that the desensitization occurs mainly for the carrier on DL frequency f1, which may be the primary carrier for case a) but is always a secondary carrier for cases b) and c). In fact, since the Tx-Rx separation between the primary carriers is the same, the primary DL carrier will be affected with a similar desensitization in all cases.  Since issues concerning coverage, mobility etc relate to the primary carrier, we do not expect any major impact in this respect due to having secondary carriers placed between the UL and DL primary carriers. This is summarized in the following observation:

Observation 2: The performance of the DL primary carrier is expected to be similar to the one for DC-HSUPA, regardless of the placement of the 3rd and 4th DL carriers. 

The reasoning above justifies the argument that there is no fundamental reason why DC-HSUPA should not always be supported together with 4C-HSDPA operation. Still, it is true that there may be degradations of the performance on DL frequency f1 (and f2) in cases b) and c). This distinction between different cases is not present in [4]. One alternative to having a binary switch between supporting and not supporting DC-HSUPA would be to introduce signaling that indicates which of cases a), b) and c) are supported for a given scenario. Another alternative would be to signal what minimum frequency distance between a UL and a DL carrier is supported with two UL carriers. A third option would be to introduce notes into 25.101, similar to the ones currently restricting the UL carrier allocation for bands XII-XIV. 

The potential performance degradation on the (secondary!) carriers in cases b) and c) due to increased Tx noise will be possible to detect by degrading CQI reports. When this happens, the NodeB scheduler may, if desired, decide to deactivate either the downlink carrier(s) on f1 (and possibly f2) or one of the uplink carriers. The system may also choose to reconfigure this UE towards a more favorable carrier configuration.  The optimal choice in this respect may depend on several parameters, such as UL and DL buffer status, overall system load etc. Also note that the performance degradation mostly happens when the UE transmits with close to maximum power, with equal power on both carriers, while the received signal strength is fairly low. When the transmitted power on the two UL carriers starts to differ, e.g. depending on varying fading conditions and scheduling grants, the transmitted signal looks increasingly like a single UL carrier signal, and the desensitization problem will rapidly become less noticeable. 
2.2 Dual-band operation

A similar situation arises for dual-band operation, when the transmitted signal from the UE in one band causes desensitization of one or more DL carriers in another band with small frequency separation. Compared to DB-DC-HSDPA operation, the situation is potentially worse since the effective minimum inter-band carrier distance can be reduced with 5 MHz and, more importantly, the dual-uplink operation will increase the emissions into the receiver. However, like for the single-band case above, the affected carriers are secondary carriers only, and the degraded performance can be captured by the network through degraded CQI reports. And again, it happens primarily when the UE transmits close to full power, with equal power on both carriers, while simultaneously the received DL power is low.

Depending on the actual carrier allocation for a particular operator in the different bands, it may or may not have the option to reconfigure the UE to more favorable frequencies, but the option to selectively deactivate UL or DL carriers remains. Thus there is no reason to prohibit the use of DC-HSUPA in this situation either. 
2.3 Test configurations

The arguments made in the previous sections motivate that dual UL carriers can be supported also for bands with small duplex distance. The degraded receiver performance that may be experienced compared to Rel.9 DC-HSUPA will mainly affect secondary carrier(s), whereas the performance on the primary carrier can be expected to be similar. 
When defining receiver requirements for single-band 4C-HSDPA scenarios in bands with small duplex distance, we propose that receiver tests are defined according to one of the carrier configuration scenarios in Figure 1 only in the interest of reducing testing time. Since the protection of the primary carrier can be considered to be the most important objective, we propose that case a) will be used, due to it’s similarity with DC-HSUPA. If requirements are based on case b) or c) instead, the resulting reduced performance that would to more relaxed requirements, would not accurately reflect the implications on the primary carrier, and thus on mobility and coverage. Any interest in quantifying the potential worst case throughput degradation on the secondary carriers in some scenarios should not be captured in UE conformance testing but can be evaluated elsewhere. 
For possible future difficult dual-band configurations, the protection of the primary carrier is still covered by this proposal. However, there may still be a need for additional requirements or restrictions, but these may be added on a case by case basis, as the need for them becomes evident. 
3 Conclusion

In this contribution we have argued that dual-carrier support for 4C-HSPDA shall be assumed to be feasible in the same manner as is the case for Rel.9 DC-HSUPA. It was proposed in [4] to have dual UL carrier support in combination with 4C-HSDPA operation signaled per scenario/band combination. This would be an overly conservative way of handling the potential performance degradations on secondary carriers, in light of what has been discussed in this contribution. 

The potential performance degradations due to reduced duplex distance will only affect the secondary carriers that are closest to the UL frequencies, whereas the impact on the primary carrier is expected to be only marginal. This implies that there are no severe effects on coverage and mobility. It is further important to note that the reduced performance on the close secondary carriers will mainly be experienced by UEs that simultaneously 
· Transmit close to the maximum output power,

· Transmit with almost equal power on the two carriers, and

· Receive the wanted signal at low input power levels. 

For most practical scenarios, this does not apply to a vast majority of the UEs. For the UEs that do experience reduced performance, this will be reflected by the CQI reports on the secondary carriers, which the network may react to by deactivating UL or DL carrier(s), or even reconfiguring the UE, as deemed appropriate. 

It is further proposed in this contribution to define receiver conformance tests only for the case where the UL carriers are place furthest away from the DL carriers, in order to mainly reflect the performance on the primary DL carrier, similar to what is done for Rel.9 DC-HSUPA.
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