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1 Introduction
In RAN#50 a new work item “Eight Carrier HSDPA” was approved [1]. One of the early tasks for RAN4 is to identify one single band combination with 5–8 carriers to serve as Proof of Concept. In [2] it was proposed to use 8 contiguous carriers for Band I as this initial scenario. This contribution discusses further the feasibility of the proposed scenario, and some initial considerations on possible impact on 25.101.
In [2], two different proposals were made to set the scope of the initial work in RAN4 on 8C-HSDPA:

Proposal 1: We propose that the scenario with 8 contiguous carriers for Band I is used for Proof of Concept in the work item. 

Proposal 2: We propose that the UE requirements for 8C-HSDPA scenarios are defined with several possible transceiver architectures in mind; both with combinations of (up to) 20 MHz transceiver bandwidth, and with one single transceiver per band. 

Compared to 4C-HSDPA, this means that receiver bandwidths from 25 to 40 MHz will be studied, as well as the combination of two receivers covering the same total bandwidth. We will now go through the core receiver requirements in 25.101 to make an initial assessment of possible requirements. The intention is that as much as possible of the requirements for 4C-HSDPA be reused. 
2 Core requirements for 8C-HSDPA
2.1 General discussion 
It is not foreseen that the 8C-HSDPA work item would require new requirements that are fundamentally different from the ones previously defined e.g. in the 4C-HSDPA work item. On the contrary, most of the requirements can be reused, at least in terms of their structure. Whether or not it is motivated to change the actual numbers in the requirements is for further discussion, some of which takes place in this contribution. 
One of the characteristics that may change with the introduction of 8C-HSDPA is that the minimum distance between the UL carrier(s) and the downlink carriers may further decrease. As a result, there may be additional receiver desensitization. It is proposed that this is solved the same way as for 4C-HSDPA, namely that it is clarified for which UL-DL carrier separation the requirements are valid, and where motivated, multiple requirements are defined to cover different UL-DL carrier separations. 

For the proposed initial scenario with 8 carriers in band I, there will be no issues in this direction, since the default TX-RX frequency separation is 190 MHz, and the minimum UL-DL carrier separation for 8 DL carriers would consequently be 155 MHz.  
2.2 Rx core requirements

2.2.1 Receiver sensitivity

Since the receiver sensitivity for all existing DL multi-carrier modes for UTRA are based on received power level per carrier (i.e., per 3.84 MHz) it is believed that there are no changes to expect for 8C-HSDPA operation. As before, receiver sensitivity is proposed to be defined only with single uplink operation. 
2.2.2 Maximum input level

Different requirements apply for the maximum input level for different dual-cell and 4C-HSDPA operating modes up to Rel. 10. The requirement for 4C-HSDPA operation is -22 dBm/band, and an initial proposal would be to continue this also up to eight carriers. This is one occasion where the practical consequences of the requirement differs depeding on if a receiver with one RF chain covering 40 MHz bandwidth is used, or if two 20 MHz RF chains are used. For the latter case, it would be consistent with Rel. 10 to define a maximum input level of -22 dBm per 4 carriers. However, for simplicity, and in order not to require additional network signaling, it is proposed that the same requirements apply for both architectures. For LTE carrier aggregation, this has already been specified for 40 MHz adjacent operation, with a maximum input level of -22 dBm. Thus it would make sense to keep the same value also for 8C-HSDPA operation. 
2.2.3 Adjacent Channel Selectivity
In HSPA Rel.10, the adjacent channel selectivity is set to 33 dB regardless of whether the receiver covers 1, 2, 3, or 4 carriers. This is in contrast to LTE, where there is a relaxation for 15 and 20 MHz bandwidth, to 30 and 27 dB, respectively. This is continued in carrier aggregation, where the adjacent selectivity is further relaxed to 24 dB for 40 MHz contiguous receiver bandwidth. 

The selectivity filtering problem is more difficult with increasing bandwidth, which would motivate that an ACS relaxation be applied also for HSDPA, in particular as the receiver bandwidth is now further increased up to 40 MHz. This is for further study. However, similar to 4C-HSDPA, it is proposed that ACS is only defined with single uplink frequency. 
2.2.4 Blocking and intermodulation
In addition to the ACS, the receiver requirements that are also defined for 4C-HSDPA are in-band blocking, out-of-band blocking, intermodulation, and for the applicable band (or band combinations) also narrowband blocking and narrowband intermodulation. With the exception of out-of-band blocking, these requirements are tested both for single and dual uplinks. It is reasonable to define the same requirments also for 8C-HSDPA. 
Similar to the ACS test cases, a relaxation that corresponds to decreased filter attenuation is introduced for the LTE blocking and intermodulation requirements, first for 15 and 20 MHz receiver bandwidth, later also for 20+20 MHz carrier aggregation. The corresponding relaxations were not introduced for 4C-HSDPA in Rel.10, but may again be considered for 8C-HSDPA with its up to 40 MHz receiver bandwidth. 
2.3 Tx core requirements

Since 8C-HSDPA is a feature adding carriers to the DL, the impact on the UE Tx requirements is limited. In [3] the RAN1 agreements related to 8C-HSDPA are listed. Among other things, it has been decided to use a new mapping of HS-DPCCH compared to earlier releases. Specifically, in order to support feedback for up to eight carriers, the HS-DPCCH is now IQ-multiplexed with spreading factor 128, using either of two different channelization code numbers depending on whether a DPDCH is configured or not. This may have some impact on the maximum output power, as discussed below. 

2.3.1 UE maximum output power 

The introduction of two HS-DPCCH codes instead of one may lead to an increased Cubic Metric value, which was partly studied in RAN1. However, the worst case analysis was not performed, and this consequently needs to be done in RAN4 in order to determine if the range of possible Cubic Metric values needs to be extended, and consequently also the range of allowed Maximum Power Reduction. This should be studied both for single uplink carrier, with and without DPDCH configured, and for dual uplink carriers. Since the basic code tree allocation does not change, it can be assumed that the formulae for computing the Cubic Metric, including the normalization constants can be retained as in Rel.10. In summary, if the UE maximum output power requirements need to be updated for 8C-HSDPA, only minor changes are expected.
3 Conclusion

In this contribution we have continued the discussion on feasibility of a scenario with eight contiguous carriers in Band I. We repeat the proposals made in [2]: 

Proposal 1: We propose that the scenario with 8 contiguous carriers for Band I is used for Proof of Concept in the work item. 

Proposal 2: We propose that the UE requirements for 8C-HSDPA scenarios are defined with several possible transceiver architectures in mind; both with combinations of (up to) 20 MHz transceiver bandwidth, and with one single transceiver per band. 

Furthermore, we have in this contribution made an initial analysis of the impact on receiver and transmitter core requirements in 25.101 for the chosen scenario. It has been shown that the proposed scenario is feasible and that the implications on the core requirements are limited.  Thus specification of RAN4 requirements for 8C-HSPDA operation can continue as planned. 
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