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1
Introduction

A study item on Further EUL Enhancements was recently approved in RAN#58[1]. The objective of this study item is to identify potential technical solutions for increasing the uplink capacity, coverage and end user performance (e.g. latency, achievable rates, etc.). The WID [1] identifies one of the areas of study as:-

· Low-complexity uplink load balancing solutions, e.g. a fast uplink carrier switching in Cell_DCH state, especially for configurations where the downlink is configured in multicarrier operation while the uplink is in single carrier 
In this contribution, we introduce a scheme to achieve dynamic load balancing on the uplink when the UE is configured to operate on one or more uplink frequencies (SC/DC-HSUPA) and two or more downlink carriers (DC/3C/4C-HSDPA). The scheme relies on the Node-B transmitting, for example, an HS-SCCH order indicating to the UE to switch its (primary or secondary) uplink carrier to achieve load balancing in a dynamic fashion.
2
Dynamic Uplink Load Balancing
2.1
Single-carrier Uplink

In its simplest form, the concept of dynamic uplink load balancing can apply to a single uplink and multi-carrier downlink capable UE, hereon referred to 2DL/1UL UE, as follows:

· The UE is configured with two adjacent downlink carriers

· The UTRAN pre-configures the UE on two adjacent uplink carriers that correspond to the two adjacent downlink configured carriers.

· At any given time, the NodeB activates only a single carrier on the uplink
· NodeB transmits an indication to the UE (for example an HS-SCCH order) to switch the uplink carrier, if necessary, to achieve load balancing
· The UE only monitors F-DPCH and E-DCH control information on the downlink carrier corresponding to the activated uplink carrier.
· Due to mobility, the UE and UTRAN maintain active sets on each of the two pre-configured uplink carriers.
Figures 1 illustrate the resultant scenarios for a UE under the above strategy of dynamic uplink load balancing.
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Figure 1: 2DL/1UL UE, UE can be dynamically activated on uplink on F1 or F2
It is worth noting that the above concept of dynamic uplink load balancing works just the same even if more than two carriers are configured on the downlink as follows:-

· . The UE is configured with three or four adjacent downlink carriers

· The UTRAN pre-configures the UE on two adjacent uplink carriers that correspond to any two adjacent downlink configured carriers.

· At any given time, the NodeB activates only a single carrier on the uplink.
· NodeB sends an indication to the UE (for example an HS-SCCH order) to switch the uplink carrier, if necessary, to achieve load balancing
· The UE only monitors F-DPCH and E-DCH control information on the downlink carrier corresponding to the activated uplink carrier.
· Due to mobility, the UE and UTRAN maintain active sets on each of the two pre-configured uplink carriers.
The redirection of the uplink carrier may be due to a long term change in uplink traffic load across carriers and there may be 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 enough relative to the amount of time it takes to transmit the data burst by the user.
In effect, the above scheme can be thought of as a scheme for fast anchor switching where both the primary downlink as well as the uplink is switched to frequency F2. However, some radio resource management (RRM) considerations should be kept in mind for such a Node-B based scheme to change the primary carrier. In particular, prior to the switch, the RNC may have configured the UE with intra-frequency measurements on frequency F1 and inter-frequency measurements on F2. After the anchor switch, F2 becomes a intra-frequency and F1 becomes an inter-frequency. Thus, necessary procedures would need to be defined to invalidate the previous RRM configuration(s) and/or define new pre-configuration(s) to be used after the switch.
2.2
Dual-carrier Uplink

For a dual-carrier uplink and multi-carrier downlink capable UE, hereon referred to 3+DL/2UL UE, the concept of dynamic uplink load balancing can apply as follows:

· The UE is configured on three or four adjacent downlink carriers

· The downlink anchor carrier lies between two configured downlink carriers  
· The UTRAN pre-configures the UE on three adjacent uplink carriers that correspond to the downlink anchor carrier and the carriers configured on either side of the downlink anchor carrier.

· At any given time, the NodeB activates at most two uplink carriers subject to the condition that the two uplink carriers are adjacent.
· NodeB sends an indication to the UE (for example an HS-SCCH order) to switch the secondary uplink carrier, if necessary, to achieve load balancing
· The UE only monitors F-DPCH and E-DCH control information on the downlink carriers corresponding to the activated uplink carriers.
· Due to mobility, the UE and UTRAN maintain active sets on each of the three pre-configured adjacent uplink carriers.
Figures 2 and 3 illustrate a case of dynamic uplink load balancing for the above strategy with four adjacent downlink configured carriers.
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Figure 2: 4DL/2UL UE, 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 UE, Anchor = F3, UE can be dynamically activated on uplink on F3 or F2/F3 or F3/F4
Note that compared to the single uplink scheme, which can be thought of as a fast anchor switching scheme the scheme for the dual uplink case maintains the anchor carrier and only switches the secondary carrier. Thus, the RRM configuration considerations presented in section 2.1 are not a concern for the dual uplink scheme presented in this section.
3
Additional DL/UL combinations due to Dynamic UL Load Balancing
In this section, we analyze the number of new DL/UL carrier combinations introduced due to the dynamic uplink load balancing scheme of section 2, which provides a measure of the amount of HS-SCCH order based signaling needed to support this feature.

In Table 1, we list the DL/UL combinations that arise due to the dynamic UL load balancing feature described in section 2.1, for a 2DL/1UL capable UE. The blue shaded rows correspond to the additional combination needed to support this feature, relative to combinations supported today for 2DL/1UL UE. 
Table 1: Additional combinations of DL and UL carriers after Dynamic Uplink Load Balancing for the 2DL/1UL capable UE

	Configuration
	UL2
	DL2
	UL1
	DL1

	0        1DL/1UL
	
	
	X
	X

	1       2DL/1UL
	
	X
	X
	X

	2             2DL/2UL
	X
	X
	
	X


In Table 2, we list the DL/UL combinations that arise due to the dynamic UL load balancing feature described in section 2.2, for a 4DL/2UL capable UE. The blue shaded rows correspond to the additional combinations (4) needed to support this feature, relative to combinations supported today for 4DL/2UL UE. It is assumed that DL1 is the downlink anchor carrier and UL1 is the corresponding pre-configured uplink carrier. DL2, DL3, DL4 are the configured secondary downlink carriers and UL2, and UL3 are the pre-configured secondary uplink carriers. Table 2 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 Dynamic Uplink Load Balancing for the 4DL/2UL capable UE
	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
Impact to Specifications

Below, we summarize the impacts to the L1/L2/L3 specifications due to the uplink load balancing feature.
· RAN1:

· HS-SCCH order to support uplink carrier switching.

· RAN2:

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

· RAN3:

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

· RAN4:

· Pilot Measurement requirements

· Since the UE has to maintain an additional active set.
5
Summary
In this contribution, we have introduced a new concept of dynamic uplink load balancing that applies to the case 2+DL/1UL and 3+DL/2UL capable UE’s. This feature removes the reliance on RNC to perform dynamic uplink load balancing and provides the NodeB the flexibility to move the uplink of the UE dynamically across the carriers.
We have also presented an analysis of the number of new DL/UL carrier combinations introduced due to the proposed dynamic uplink load balancing scheme, which provides a measure of the amount of HS-SCCH order based signaling needed to support this feature.

Further a high level specification impact due to dynamic uplink load balancing scheme described in this contribution is also presented. 
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