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1
Introduction

In this contribution, we introduce a new and flexible option to achieve dynamic load balancing on the uplink and/or downlink via secondary carrier activation /de-activation, when the UE is configured to operate on two adjacent uplink frequencies (DC-HSUPA) and greater than 2 adjacent downlink carriers.
2
Activation/De-activation of multiple secondary serving HS-DSCH cells
Extending the activation/de-activation rules from DC-HSDPA and DC-HSUPA to 3C/4C-HSDPA, the following rules may be defined for 4C-HSDPA:

· The anchor carrier cannot be de-activated on the downlink or the uplink.

· As long as the multiple downlink and uplink carriers have been configured, any transition between DL/UL carrier combinations is allowed with the following exception:

· In case 2 uplink carriers are configured, the downlink carrier corresponding to the secondary uplink carrier cannot be de-activated while the secondary uplink carrier remains activated.

· Furthermore, depending on RANWG4 study on non-adjacent carriers, we may need to introduce an additional rule to keep the DL carriers adjacent at any time.
Table 1 lists the 12 different combinations that arise after activation and de-activation of  up to 3 secondary serving HS-DSCH cells and up to two configured uplink frequencies. The table applies in a generic manner to the case when all the serving HS-DSCH cells belong to a single band and also to the case when the secondary serving HS-DSCH cells are aggregated across two bands. It is assumed that if the carriers belong to the same band they are configured in an adjacent manner. However after activation and de-activation, the resultant active carriers can be non-adjacent. 

In the Table, we assume that DL1 is the serving HS-DSCH cell and UL1 is the configured primary uplink frequency. DL2, DL3, DL4 are the secondary serving HS-DSCH cells and UL2 is the configured secondary uplink.
Table 1: Possible combinations of 4DL and 2UL carriers after secondary carrier activation and de-activation

	Configuration
	DL4
	DL3
	UL2
	DL2
	UL1
	DL1

	0        1DL/1UL
	
	
	
	
	X
	X

	1       2DL/1UL
	
	
	
	X
	X
	X

	2        2DL/2UL
	
	
	X
	X
	X
	X

	3             2DL/1UL
	
	X
	
	
	X
	X

	4             3DL/1UL
	
	X
	
	X
	X
	X

	5            3DL/2UL
	
	X
	X
	X
	X
	X

	6           2DL/1UL
	X
	
	
	
	X
	X

	7             3DL/1UL
	X
	
	
	X
	X
	X

	8          3DL/2UL
	X
	
	X
	X
	X
	X

	9          2DL/2UL
	X
	X
	
	
	X
	X

	10     4DL/1UL
	X
	X
	
	X
	X
	X

	11          4DL/2UL
	X
	X
	X
	X
	X
	X


2
Dynamic UL Load Balancing
In the previous section, we presented a set of activation/de-activation rules and the resultant combinations of active serving HS-DSCH cells and uplink frequencies that could apply to 4C-HSDPA.. These were based on the legacy DC-HSDPA/DC-HSUPA feature with at most 2 uplink carriers configured. In this section, we investigate the possibility to allow for a new dynamic method of network configuration of 3 adjacent uplink carriers, but at any given time the UE can be activated on only 2 carriers. 

The motivation behind this concept is to allow for dynamic uplink load balancing across the 3 adjacent carriers using a 3C/4C-HSDPA UE. Over time we anticipate a growth in data devices and demand in UMTS networks and dynamic load balancing will be key to ensure a good user experience for a given system capacity. The benefit of dynamic load balancing was already observed both on the downlink and uplink during the system evaluation of DC-HSDPA/DC-HSUPA. That form of load balancing is highly dynamic by enabling  the NodeB to schedule the user in every TTI.  The scheduling is in accordance to the traffic load experienced in both carriers, since the UE is tuned to both carriers when it is active. 
However, it may be possible to allow for another form, albeit a bit slower, but yet dynamic form of load balancing where the secondary uplink carrier may be redirected to the other frequency that is adjacent to the anchor carrier. The redirection of the secondary uplink carrier of a 4C-HSDPA UE may be due to 
· a long term change in uplink traffic load across carriers or 
· another UE suddenly became active on  the 4C-HSDPA UE’s secondary uplink carrier thereby occupying most of the noise rise in this carrier

In each of the above cases,  there is a need to retain the flexibility to allocate the best carrier at any time.The switch (activation to another secondary carrier) need not happen during a data transmission but even if it happens during a data burst, the delay or interruption due to switching frequencies may still be small relative to the amount of time it takes to transmit the data burst by the user.
This form of uplink load balancing is restricted to the case when a carrier is configured on either side of the anchor carrier. For example, in the case of 3 DL adjacent configured carriers (F1/F2/F3), F2 is the anchor carrier and in the case of 4 DL adjacent configured carriers (F1/F2/F3/F4), either F2 or F3 are anchor carriers.

For the 4C-HSDPA case, the concept can be summarized as follows:

· The UE is configured on 3 or 4 adjacent downlink carriers

· The anchor carrier lies between 2 configured carriers

· The UTRAN pre-configures the UE on 3 adjacent uplink carriers that correspond to the anchor carrier and the carriers configured on either side of the anchor carrier.

· At any given time, the NodeB activates at most 2 uplink carriers subject to the condition that the 2 uplink carriers are adjacent.
· The UE only monitors F-DPCH and E-DCH control information in the activated downlink carriers corresponding to the activated uplink carriers.
· Due to mobility and the possibility of hot spot scenarios (non-uniform coverage), the UE and UTRAN maintain active sets on each of the 3 pre-configured adjacent uplink carriers. Note that in [2], many 4C-HSDPA mobility scenarios are discussed that would anyway require measurements on 3 carriers, and so the requirement to measure cells on a 3rd carrier may not be unique to dynamic uplink load balancing.
This concept can also be applied to lower category UEs capable of only 2 downlink and 1 uplink which could help achieve dynamic downlink load balancing. One example is as follows:

· The UE is pre-configured on 3 adjacent downlink carriers

· The anchor carrier lies between 2 configured carriers

· At any given time, the NodeB has the choice to activate one of the 2 secondary serving HS-DSCH cells that lie adjacent to the serving HS-DSCH cell.
Figures 1 illustrates a case of dynamic load balancing on the downlink for a 2DL/1UL category UE while Figures 2 and 3  illustrate the dynamic activation of carriers on either side of the anchor carrier (F2 or F3) for the 4C-HSDPA case.
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Figure 1: 2DL/1UL, Anchor = F2, UE can be dynamically activated on downlink on F1/F2 or F2/F3 or F2
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Figure 2: 3DL/2UL or 4DL/2UL configuration, Anchor = F2, UE can be dynamically activated on uplink on F2 or F2/F3 or F1/F2
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Figure 3: 4DL/2UL configuration, Anchor = F3, UE can be dynamically activated on uplink on F3 or F2/F3 or F3/F4

3
Additional DL/UL combinations due to Dynamic UL Load Balancing
In Table 2, we list the DL/UL combinations that arise after activation and deactivation of the secondary carriers, due to the dynamic UL load balancing feature, for a 4DL/2UL UE. The blue shaded rows correspond to the additional combinations  (4) need to support this feature, relative to Table 1.
As in Table 1, we assume that DL1 is the serving HS-DSCH cell and UL1 is the configured primary uplink frequency. DL2, DL3, DL4 are the secondary serving HS-DSCH cells and UL2, and UL3 are the configured secondary uplink carriers. Table 3 provides an example on how 4 adjacent carrier frequencies may be mapped to the DL/UL indices.
Table 2: Additional combinations of DL and UL carriers after secondary carrier activation and de-activation due to Dynamic UL Load Balancing for the 4C-HSDPA case
	Configuration
	DL4
	UL3
	DL3
	UL2
	DL2
	UL1
	DL1

	0        1DL/1UL
	
	
	
	
	
	X
	X

	1       2DL/1UL
	
	
	
	
	X
	X
	X

	2        2DL/2UL
	
	
	
	X
	X
	X
	X

	3             2DL/1UL
	
	
	X
	
	
	X
	X

	4             2DL/2UL
	
	X
	X
	
	
	X
	X

	5            3DL/1UL
	
	
	X
	
	X
	X
	X

	6           3DL/2UL
	
	
	X
	X
	X
	X
	X

	7             3DL/2UL
	
	X
	X
	
	X
	X
	X

	8          2DL/1UL
	X
	
	
	
	
	X
	X

	9          3DL/1UL
	X
	
	
	
	X
	X
	X

	10     3DL/2UL
	X
	
	
	X
	X
	X
	X

	11          3DL/1UL
	X
	
	X
	
	
	X
	X

	12      3DL/2UL
	X
	X
	X
	
	
	X
	X

	13     4DL/1UL
	X
	
	X
	
	X
	X
	X

	14      4DL/2UL
	X
	
	X
	X
	X
	X
	X

	15      4DL/2UL
	X
	X
	X
	
	X
	X
	X


Table 3: Example of mapping DL/UL i to Carrier Frequency

	DL/UL index
	Carrier Frequency

	DL1
	F2

	DL2
	F1

	DL3
	F3

	DL4
	F4

	UL1
	F2’

	UL2
	F1’

	UL3
	F3’


4
Impacts to Specifications

We summarize below the impacts to the L1/L2/L3 specifications due to the uplink load balancing feature.
· RAN1:

· HS-SCCH order to support activation/de-activation of  two adjacent uplink carriers out of three configured adjacent uplink carriers.

· RAN2:

· RRC signaling to pre-configure three UL adjacent carriers
· Mobility procedures to support active set maintenance in the three carriers

· RAN3:

· RNSAP/NBAP signaling to configure three radio links in the NodeB cell

· RAN4:

· Pilot Measurement requirements

· Since UE has to maintain an additional (third) active set.
5
Conclusions

In this contribution, we discussed a set of activation/de-activation rules and resulting combinations of active carriers for 4C-HSDPA. The rules were primarily based on what exists today for DC-HSDPA and DC-HSUPA. In addition we introduced a new concept of dynamic upload and/or downlink load balancing that applies to the case when multiple carriers when at least 3 downlink carriers are adjacent. The feature could even benefit lower category UEs capable of 2 DL and 1 UL (Rel-10 DC-HSDPA). This feature provides the NodeB flexibility to move a MC-HSDPA UE dynamically across the carriers thereby allowing for harmonious co-existence of legacy data devices (SC-HSUPA, DC-HSDPA, DC-HSUPA) and Release 10 MC-HSDPA data devices.
6
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