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1 Introduction
At RAN1#58bis discussions on a potential work item on 3/4-carrier HSDPA were initiated. These discussions originated from [1] and mainly focused on aspects that could be of interest to clarify in an updated work item description. The present contribution present our views on the high-level issues identified during RAN1#58bis. A discussion of more detailed RAN1-releated aspects is presented in a companion paper [2].

2 General design considerations for 4-carrier HSDPA
This section presents our view on the general design considerations related to 4-carrier HSDPA. The discussion originates from the chairman minutes where it was stated: 

2.1.1 Relation between 4-carrier HSDPA and DC-HSUPA
The first issue that we discuss is whether it should be possible to operate 3/4-carrier HSDPA in combination with one uplink carrier or whether 3/4-carrier HSDPA only should be supported in combination with DC-HSUPA. Regarding this issue we believe that one should consider the following aspects:

· During the Rel-9 work item on DC-HSUPA several companies showed that coverage limited UEs benefit (in terms of throughput) by only transmitting on one of the two uplink carriers. This gain stem from that DPCCH only needs to be transmitted on one carrier. 
· In situations where multiple DC-HSUPA UEs in the same cell are active capacity gains can be achieved by load-balancing. This could be achieved, e.g., by deactivating the secondary uplink carrier. Besides only transmitting DPCCH on one of the carriers this capacity gain stem from improved orthogonality (see Figure 1).
Both these aspects suggest that there are situations where a UE configured with DC-HSUPA benefit from only transmitting on one of the two uplink carriers. Solutions where 3/4-carrier HSDPA only is supported for UEs with two activated uplink frequencies may therefore limit the operator flexibility and usefulness of ¾-carrier HSDPA.
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Figure 1
Aside from the issues raised above one should also consider that:

· If 4-carrier HSDPA only is supported in combination with DC-HSUPA these two features will be bundled. In other words, there will not be possible for operators to operate 3/4-carrier HSDPA without at the same time supporting DC-HSUPA.
· For a file downloading scenario one uplink is sufficient for supporting 4-carrier HSDPA with MIMO on all carriers. For example, assuming a TCP ACK size of 40 bytes, a TCP packet size of 1500 bytes, and following the assumptions in [4] the maximum downlink-uplink asymmetry can be computed as 1500/(0.5∙40)=75. This suggests that the uplink throughput required for the TCP ACKs is 1/75=1.33 percent of the throughput associated with the downlink carriers (Note that this uplink traffic have to coexist with other uplink traffic).
Due to the reasons presented above we believe that 3/4-carrier HSDPA also should be supported in combinations with one uplink carrier.
Proposal 1: 3/4-carrier HSDPA in combination with one uplink carrier should be supported.
2.1.2 Relevant band combinations and supported configurations 
Another aspect related to progressing on an update work item description discussed during RAN1#58bis was which band combinations that should be supported for 3/4-carrier HSDPA. As for the Rel-9 work item on dual-band HSDPA we believe that following band combinations should be supported for 3/4-carrier HSDPA:

· Band I and Band VIII

· Band II and Band IV

· Band I and Band V

Proposal 2: Adopt the {Band I, Band VIII}, {Band II, Band IV}, and {Band I, Band V} as working assumption for the targeted band combinations for 3/4-carrier HSDPA. (I.e., the same band combinations as for DB-DC-HSDPA)

If a work item is initiated, the relevant band combinations should however be further discussed in RAN4.

To further clarify the work item description we moreover believe that:
· The maximum number of carriers configured in a band and 

· Whether MIMO is supported for a specific band

should be specified in the WID. An illustrative example for a band combination such as {Band I + Band VIII} is presented in Table 1. Configuration 1 in this example describes a scenario where a total of 3 downlink carriers can be configured in the upper band. Each of the 3 downlink carriers can furthermore be configured with MIMO. In the lower band the maximum number of downlink carriers that can be configured is 1 and this carrier can furthermore not be configured with MIMO.
Table 1
	
	Configuration in lower band
	Configuration in upper band

	Conf 1
	Max 1 carrier without MIMO in Band VIII
	Max 3 carriers with MIMO in Band I

	:
	
	


Another issue that was discussed during the last RAN1 meeting was whether or not it should be support of non-adjacent carriers within the same band in an initial WID. Several companies highlighted that scenarios where one operator (possibly with Node-Bs that are not co-located with the other operator) operated on a frequency that was intermediate to other operator’s two carriers could require new RAN4 requirements and/or new interference mitigation techniques. This situation is illustrated in Figure 2a. Based on this discussion we propose:
Proposal 3: In 3/4-carrier HSDPA all carriers configured in a certain band needs to be adjacent. 
If there is operator demand for the support for non-adjacent carriers in the same band should be treated in another work item. A starting point for such a work item would be to only target configurations in which a maximum 2 non-adjacent carriers in the same band are supported.
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Figure 2: Different carrier configurations.
We highlight this proposal implies that situations with non-adjacent carriers are supported if all of the intermediate carriers belong to the same operator (see Figure 2b and Figure 2c).
Another issue listed in the chairman notes was related to the support for MIMO and transmit diversity configurations. As indicated in the chairman notes (see second bullet under the part treating aspects where there seemed be a general alignment amongst companies) the interested companies were of the opinion of that both transmit diversity and MIMO should be configurable on a per carrier basis. Some reasons for why this may be desirable include:

· This approach would be in alignment with Rel-8 and Rel-9 operation.

· Different carriers (located in different bands) may be associated with different properties (such as carrier frequency) making for example MIMO more or less advantageous. 

· It may be desirable to configure some carriers without S-CPICH. 

For these reasons we propose that:

Proposal 4: Transmit diversity and MIMO should be configurable per carrier. 

Note that we at this point do not see any need to have some carriers in a band configured with MIMO and other carriers (in the same band) configured with transmit diversity.
3/4-carriers HSDPA must also be combined with the introduction of a suitable number of new UE categories. As mentioned in our previous contribution [5] we believe that there, besides a UE category supporting MIMO on all carriers, also should exist several intermediate categories. For these we believe that it could be beneficial as a means of limit the UE complexity to introduce the support for MIMO in a certain band as a UE capability.
Proposal 5: Support for MIMO in a band should be defined as a UE capability.
3 Conclusions

The contributions discussed general design considerations related to a potential work item with 4-carrier HSDPA. The objective was to address some of the general open issues related to a potential work item on 4-carrier HSDPA and the related proposals are:

· 3/4-carrier HSDPA in combination with one uplink carrier should be supported.
· Adopt the {Band I, Band VIII}, {Band II, Band IV}, and {Band I, Band V} as working assumption for the targeted band combinations for 3/4-carrier HSDPA. (I.e., the same band combinations as for DB-DC-HSDPA)
· In 3/4-carrier HSDPA all carriers configured in a certain band needs to be adjacent. If there is operator demand for the support for non-adjacent carriers in the same band should be treated in another work item.
· Transmit diversity and MIMO should be configurable per carrier.

· Support for MIMO in a band should be defined as a UE capability.
4 References

[1] RP-090982, “Way forward for 3-4 carriers HSDPA”
[2] R1-094981, “Detailed RAN1 related design considerations for 4-carrier HSDPA”, Ericsson.
[3] RP-090976, “Proposed WID on four carrier HSDPA”, RAN#45.
[4] R1-093011, “Analysis of Baseline ACK/NACK code for DC-HSDPA and MIMO”, Qualcomm Europe.

[5] R1-094055, “Design considerations for 4-carrier HSDPA”, Ericsson. 





















































































































































































































User 2





User 1





Carrier 1





Carrier 2








User throughput








Carrier 1





Carrier 2





User throughput





Operator 2





3 adjacent carriers in the same band but center carrier f2 deactivated (supported)





Not supported





f3





f2





f1





f3





f2





f1





f3





f2





f1





[text omitted]


Guidance for the work:


To guide the RAN1 work, companies are encouraged to consider:


whether it is necessary for one single UL carrier to be capable of supporting 4 DL carrier


configurations for TxD and MIMO support


To provide input to the later work in RAN4 and to help clarify the WI description, companies are encouraged to consider the following with the aim of identifying those that are practically useful:


band/carrier combinations


including whether non-adjacent carriers in the same band should be supported
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