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1 Introduction
In TSG-RAN#46 a new work item, “Four Carrier HSDPA”, was approved [1]. An initial discussion on the impact on UE requirements was presented in [2] and is continued here. After TSG-RAN#47, an initial list of prioritized scenarios with 3 or 4 carriers in 1 or 2 bands have been provided [3], and the work can initially be focused on having requirements for these scenarios in place. The initial scenarios to study are listed in Table 1.

	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number 
	Number of DL adjacent carriers

	2
	I
	3
	N/A
	N/A

	3
	I
	3
	VIII
	1

	5
	I
	2
	VIII
	1

	8
	I
	2
	V
	2

	9
	I
	2
	V
	1

	11
	II
	2
	IV
	2

	12
	II
	2
	IV
	1

	13
	II
	1
	IV
	2

	Note: this table is a subset of the priority #1 table in RP-100089/R4-101042; scenario number is based on RP-100089/R4-101042 and does not imply any further prioritization


Table 1  Initial list of scenarios to study for 4C-HSDPA

2 Impact on UE receiver requirements
The Rel-8 and Rel-9 features concerning various forms of dual-cell operation gave rise to several new RF requirements in 25.101. The same requirements need to be revisited within the Rel-10 WI now that up to four carriers are aggregated. Especially the core receiver requirements need attention, and some considerations are listed below. Even though future work may need to cover general scenarios outlined in [1], this contribution focuses on the scenarios in the reduced set in Table 1. 
2.1 Reference sensitivity level
The reference measurement channel developed for DC-HSDPA will be possible to use for 4C-HSDPA as well. In general, the reduction in effective duplex distance may cause some degradation in sensitivity on the closest carrier for some bands. Regarding simultaneous operation in two bands, this was addressed already in the DB-DC-HSDPA work, including some considerations due to changes in required components for typical implementations. It should be possible to extend these considerations to the case when more than one carrier is used in each band. 
2.1.1 Three adjacent carrier operation

The scenarios in Table 1 have up to 3 adjacent carriers in the same band, and only for band I. Since this setup is not present in current specifications, new reference sensitivity requirements are needed for this case. However, this can readily be based on the DL reference measurement channel used for DC-HSDPA. Since the Tx-Rx frequency separation in Band I is large, no sensitivity reduction should be needed even if the duplex distance is reduced. 
2.1.2 Dual-band operation

For the dual-band scenarios, it will be possible to reuse the existing reference sensitivity requirements in Rel. 9, together with the new one defined for 3 adjacent carriers. 4C-HSDPA differs from DB-DC-HSDPA in that 1) more than one DL carrier can be present in each band and 2) DC-HSUPA operation may be present in one of the bands. Since reference sensitivity requirements are not defined with DC-HSUPA signals, we currently assume this will be the case also for 4C-HSDPA, and thus we do not consider that scenario here. 

For the scenarios that combine Band I+VIII, and the ones that combine Band I+V, the band separation is so large that no special consideration needs to be taken, even if two or three adjacent carriers are present in each band. For the scenarios that combine Band II+IV, the frequency separation is much smaller. For DB-DC-HSDPA, this was accounted for by a 1 dB relaxation compared to single-band operation, based on an implementation using a quadplexer. However, we do not foresee that simultaneous use of two carriers in any of the bands should require any additional considerations, since these bands have already been found feasible for the use of up to two carriers in the Rel.8 and 9 modes. 
2.2 Adjacent channel selectivity
For DC-HSDPA operation, the legacy requirement of ACS = 33 dB was reused. This value should be possible to reuse also for the 4C-HSDPA dual-band scenarios with up to two adjacent carriers per band. However, relaxations may be considered in order not to put too stringent requirements on the selectivity as the bandwidth of the receive band increases. This would be similar to the LTE case, where 15 and 20 MHz bandwidth has a relaxation of 3 and 6 dB, respectively. It remains to be studied whether these levels are appropriate also for 4C-HSDPA operation with 3 (and later 4) adjacent carriers. 
2.3 Blocking and intermodulation characteristics
The work item description for 4C-HSDPA is defining scenarios in rather general terms, i.e. that 3 or 4 DL carriers are combined in 1 or 2 bands, with the possibility to operate simultaneously with or without DC-HSUPA. Depending on what band(s) are used for these scenarios, a multitude of new requirements may be needed, not the least for blocking and intermodulation requirements. However, when restricted to the scenarios in Table 1, the number of new requirements to define becomes more limited. 

2.3.1 Three adjacent carrier operation

For the scenarios with 3 adjacent carriers, new requirements have to be defined, at least for in-band blocking and intermodulation. Since 3 adjacent carrier operation is restricted to Band I, the narrow-band requirements do not apply. Furthermore, since the duplex distance in Band I is sufficiently large, no special consideration needs to be taken to account for the possibly reduced duplex distance due to the third downlink carrier. 
There are then two different cases to consider, with and without DC-HSUPA. Since the blocking and intermodulation requirements are typically limited by the performance on the RX carrier closest to the blocker signal, it is likely that the new requirements can be based on the results from DC-HSDPA and DC-HSUPA in Rel.8 and 9. However, this may need to be confirmed through simulations. For these simulations, we propose to reuse the same simulation assumptions as were used in the latest work on receiver requirements for DC-HSUPA.
2.3.2 Dual-band operation
As for the previous requirements, it appears that the requirements defined for DC-HSDPA, DB-DC-HSDPA and DC-HSUPA can be reused also for blocking and intermodulation requirements, together with the new requirements for 3 adjacent carriers. The reason is that simultaneous operation with DC-HSDPA and DC-HSUPA has been defined already in Rel.9 for each of the bands in Table 1, including possible effects of TX noise in the RX band. The requirements may have to be revisited for the Band II+IV scenarios, to account for the relaxation in the sensitivity requirements for this band combination.
2.4 Additional RX requirements

Also the other receiver requirements must be revisited, whether the existing requirements can be reused, or at least serve as a baseline. Even though perhaps the requirements per se might not change, at least parameters such as frequency offsets and power offsets may need to be changed. It is FFS to determine for which requirements the existing tables can be reused to include also the 4C-HSDPA tests, and where new tables are required. 
3 Impact on UE TX requirements

Since the WI does not aim at introducing new UL features as such, no major changes to the Tx requirements can be expected that has not been part of Rel.8 or 9 features already. However, the introduction of more DL carriers increases the need for feedback on HS-DPCCH. RAN1 may decide to change the physical layer parameters to accommodate this, and this in turn may change the allowed maximum power reduction. Most likely, no changes will be needed in the MPR methodology, but this could be studied, as well as possible increases in the worst-case possible cubic metric value.    
4 Performance requirements

Since more DL carriers are combined in the new work item, new demodulation requirements should be introduced to reflect the increased throughput. As has been the case for dual-cell operation, it is natural to consider proportional scaling of the throughput requirements, provided that the UE capabilities are defined accordingly. 
CQI reporting for up to four carriers needs to be supported. Whether or not will lead to new requirements or if the current requirements will suffice depend somewhat on decisions in other working groups. 
5 General discussion on structure of new requirements

In the previous sections, some of the new requirements needed to specify the UE behavior in 4C-HSDPA operation have been discussed. Even though the reduced scenario list in Table 1 only includes a few of the possible carrier combinations, there will be a considerable number of new requirements to define. As new scenarios may be included in this or coming releases, there is a risk that the number of requirements will grow extensively. It would therefore be beneficial if the requirements were defined in a “modular” fashion, so that every possible combination of bands and number of carriers per band would not need separate requirements for each of the tested entities. For example, the notion of “band offset” for the sensitivity requirement in previous releases is an example of one such modularization. Similarly, offsets could possibly be defined also for combinations of bands in a dual-band scenario. As far as possible, the requirements should be written in a band-independent fashion, using 1-4 carriers per band. Possible relaxations when operating in certain bands and/or band combinations should then be captured in a few parameters. 
Though this is an appealing approach, finding appropriate modularizations that achieve both compact and accurate requirements is not an easy task. One obvious risk associated with such compaction is that some requirements could be unnecessarily relaxed in order to fit in this framework. We invite other companies to share their views on the feasibility of such modularization of requirements, as well as suggestions on appropriate classifications. Even though the possibility of finding a full modularization is very small, also classifications with a limited scope may prove useful to reduce the number of requirements in the specifications as the number of supported scenarios increase. 
6 Conclusion

In this contribution, a number of different UE requirements that may need revisiting within the 4C-HSDPA work have been identified. This primarily concerns some RF receiver requirements and demodulation requirements. Some initial considerations on reference sensitivity, selectivity, blocking and intermodulation were discussed, taking the reduced set of prioritized scenarios into account. In principle, it should be able to extend and reuse most of the dual-band requirements for 1-2 carriers, whereas several new requirements for 3 adjacent carrier scenarios may be needed. When new simulations for RX requirements are needed, it is proposed that the same simulation assumptions and methodology as for the DC-HSUPA requirement will be used. Furthermore, a discussion on possible modularization of requirements was initiated in the contribution.  
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