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1. Introduction
MC-HSPA work item has been agreed in [2].
2. Background
In Rel 8, DC-HSDPA introduced the ability to receive on two carriers. A great effort was focused on minimizing the impact to implementation. Other than necessary changes to the HS-DPCCH to report two CQIs and two acknowledgements, there were no other changes to the physical layer operation. The MAC changes were minimized by keeping the operations on each carrier separate at the HARQ level, and by unifying all the layers above the HARQ entities. There were no changes required to RLC because the data rates were comparable to the operation in MIMO single carrier. The changes to RRC were condensed in one IE.

In Rel 9, our aim will be to minimize the specification impact from the introduction of dual carrier operation on the uplink, after evaluating gains from any potential changes. In this paper, we evaluate the MAC, RLC and RRC areas with potential impact.
3. MAC
3.1. MAC-i/is
The E-DCH transmissions can be handled by either the MAC-e/es or the MAC-i/is entities. In Rel 8, the MAC-i/is adds the ability to perform segmentation and reassembly of packets at the MAC. This allows greater flexibility in E-TFC selection upon changing radio conditions. 

We do not see the need of allowing MAC-e/es when supporting DC-HSUPA. 

Proposal 1: Only MAC-i/is is supported with DC-HSUPA operation.

3.2. HARQ transmission
For DC-HSUPA, it is possible to have a similar design as the one adopted for the MAC-ehs for DC-HSDPA: two HARQ entities working separately in the same MAC entity, as shown in Figure 1.
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Figure 1 Two HARQ entities in one MAC entity – UE side
3.3. SI reporting 

3.3.1. Background Information
The Scheduling Information (SI) is used to provide the serving Node B with a better view of the amount of system resources needed by the UE and the amount of resources it can actually use [6]. The SI message includes the following fields:
· Highest priority Logical channel ID (HLID): 4 bits
· Total E-DCH Buffer Status (TEBS): 5bits
· Highest priority Logical channel Buffer Status (HLBS): 4 bits
· UE Power Headroom (UPH): 5 bits.
In the single carrier system, UPH is the ratio of the maximum UE transmission power and the corresponding DPCCH code power, and is be calculated as:
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where:

Pmax,tx = min {Maximum allowed UL TX Power, Pmax} is the UE maximum transmission power;

Maximum allowed UL TX Power is set by UTRAN and defined in [5];

Pmax is the UE nominal maximum output power according to the UE power class and specified in [8] table 6.1;

PDPCCH is the transmitted code power on DPCCH, measured as the 100ms moving average [9].
3.3.2. Headroom feedback for DC-HSUPA
In DC-HSUPA, the channel conditions between the two carriers are not perfectly correlated. The difference in channel conditions of the two carriers can be utilized by the Node B scheduler to maximize UE throughput given the shared maximum transmit power. Therefore, we need to study how the UE sends channel information of both carriers to the Node B. 
One simple way to define and feedback the UE headroom on carrier i , denoted as UPHi : 
UPHi =Pmax,tx /PDPCCH,i ,

where PDPCCH,i is the transmitted code power on DPCCH on carrier i. 
Here UPHi is computed based on using up all available power by E-DCH on carrier i. The Node B scheduler, knowing this is a DC-HSUPA UE, should not make independent decisions per carrier, as this can result in lower system performance.

The Node B scheduler should redistribute the power headroom between the two carriers. To achieve higher data rates, the Node B scheduler should grant higher transmit power to the carrier with better channel quality which is reflected by the larger headroom. 
3.3.3. Queue information feedback for DC-HSUPA
Apart from UPH, the queue related information is common to both carriers. It would be a waste to duplicate the information on both carriers, although that's an option as well. In order to optimize our efforts, it is requested that RAN2 decides on the ability to use these bits for other purposes. 
Proposal 2: Redundant queue information bits on the second carrier can be reused for other purposes.
3.3.4. Scheduling Information reporting
The SI reporting procedure does not need significant changes.
By reporting TEBS=0 or UPH2=0 dB on the secondary carrier, the UE can implicitly release the secondary carrier or request such a release from the Node B. In the latter case, the release decision is made by Node B and sent to UE through a HS-SCCH order, similarly to the deactivation of the secondary HS-DSCH serving cell. 
3.3.5. Happy Bit Setting
We expect DC-HSUPA to be active as long as the UE is capable of using both carriers. In this case, we would have two happy bits transmitted on each carrier. However, the state of happiness of the UE should be a composite decision based on both carriers, and not independently calculated. Indeed, if the decision is per carrier, and the Node B decides to give the UE a grant on one of the carriers, the UE should not be unhappy if all his power is used on one carrier. Thus, we only need one bit still to report the UE happiness.
Proposal 3: The redundant Happy Bits on the second carrier could be reused for other purposes or disabled.
3.4. E-TFC selection

3.4.1. Background information
E-TFC selection is based on the estimated power leftover from TFC selection if the DPDCH is present and from the HS-DPCCH.  

First, the UE shall update its Serving Grant based on the received E-AGCH and E-RGCH grants. The Serving Grant provides the E-TFC selection function with the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate for the upcoming transmission for scheduled data. This power ratio shall be used to determine a maximum number of bits of scheduled data with a 1 bit granularity for the upcoming transmission, calculated from number of bits corresponding to the reference E-TFCs using either E-DPDCH power extrapolation or interpolation. 
For each configured MAC-d flow, a given E-TFC can be in any of the following states:

-
Supported state;

-
Blocked state.

At each TTI boundary, UEs with an E-DCH transport channel configured shall determine the state of each E-TFC for every MAC-d flow configured based on its required transmit power versus the maximum UE transmit power. 

Per [9], the UE shall estimate the normalized remaining power margin available (in linear term) for E-TFC selection based on the following equation for E-TFC candidate j 


NRPMj= (PMax j - PDPCCH, target - PDPDCH- PHS-DPCCH- PE-DPCCH,j)/ PDPCCH, target , 

where


PMaxj
 = Maximum UE transmitter power for E-TFC-j after backoff


PDPCCH,target is computed based on 3-slot filtered DPCCH power and compressed mode status. Note the ‘target’ here is not the SIR target at the receiver. 


PDPDCH = estimated DPDCH transmit power, based on PDPCCH,target and the gain factors from the TFC selection that has already been made and compressed mode status.


PHS-DPCCH = estimated HS-DPCCH transmit power based on the maximum HS-DPCCH gain factor based on PDPCCH,target and the most recent signalled values of ACK, NACK and CQI. Adjustment for a compressed mode applies. 


PE-DPCCH,j = estimated E-DPCCH transmit power for E-TFCIj including possible E-DPCCH boosting. 

3.4.2. Extension to DC-HSUPA
If DPDCH is configured on one of the carriers, TFC is selected first according to the same rule as in single-carrier HSUPA ([5] and [9]), assuming all the available power can be used for DPDCH. Power for HS-DPCCH on one or both carriers is also determined. E-TFC selection is based on the estimated power leftover from TFC selection if the DPDCH is present and from the HS-DPCCH.  

If there are retransmissions on both carriers, there is no E-TFC selection. 
If there is a new transmission only on one carrier, the legacy single-carrier rule can be applied with the retransmission power deducted from the maximum available power. 

In the following, we focus on the case with new transmissions on both carriers.  

The UE shall update its Serving Grants on both carriers based on the received E-AGCH and E-RGCH grants. On each carrier, the Serving Grant provides the E-TFC selection function with the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate on that carrier for the upcoming transmission for scheduled data. The power ratio on each carrier shall be used to determine a maximum number of bits of scheduled data in the same fashion as in the single-carrier HSUPA. 

The optimal E-TFC should provide the UE maximum data rate given the grants as constraints on both carriers. This optimization can be seen as an instance of the water-filling scheme in which the UE transmitshigher power on the carrier with lower PDPCCH, target. Although feasible for implementation, the complexity of a complete water-filling algorithm may not be very attractive. Therefore, we propose the following simple algorithm, called ‘greedy filling’: make T2P1 as high as possible where carrier 1 is the carrier with smaller PDPCCH, target and the remaining power goes to T2P2. 

The greedy filling algorithm is a simple extension to the legacy E-TFC selection. Furthermore, its performance is very close to that of water-filling since it is equivalent to water-filling in the linear region of the data-rate-SINR curve. 
The interaction between E-TFC selection and Cubic Metric backoff needs further study. 

3.5. E-RNTIs
The E-AGCH is a shared channel that uses an E-RNTI specific CRC in order to address messages to specific users. The RRC may configure the MAC-e or MAC-i with two different E-RNTIs, one primary and one secondary. Based on whether the message was addressed to the primary or the secondary E-RNTI, the identity type ("Primary" or "Secondary") will be conveyed implicitly when an absolute grant message is received.

Since signalling each E-RNTI costs 16 bits, and that the UEs share the same geographical area thus the same assignment restrictions, we do not see a need to duplicate these E-RNTIs per carrier. The primary and secondary E-RNTIs assigned on the anchor carrier will be used on the secondary uplink carrier as well.
In case we decide to transmit a "secondary" primary E-RNTI to be used on the secondary uplink carrier, then we should re-evaluate the need for a secondary E-RNTI for the secondary uplink carrier.

4. RLC

We do not see the need for any DC-HSUPA driven major change in RLC. However, DC-HSUPA can benefit from enhancements brought by the support of DC-HSDPA+MIMO on the downlink, if these changes are made available on the uplink.
The restriction in the number of radio aware RLC PDUs might need to be reworded or updated to be per carrier. References to grants per TTI need to be more specific.
5. RRC

5.1. List of issues in RRC
We have identified the following issues to be addressed in RRC with the support of DC-HSUPA. This is a first pass list, and should not be considered a complete list of issues yet.
· Support the ability to configure the following channel combinations:
	Anchor Carrier
	Secondary Carrier

	DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH

	X
	X
	X
	X
	X
	X
	-
	-
	X
	X

	X
	X
	X
	X
	X
	X
	-
	X
	X
	X


· Support new HS-DPCCH format(s), which may be sent on one or both carriers.
· Map the unscheduled flows to the anchor carrier.
· For E-DCH, which parameters are shared between the two carriers? The following are tentative answers. (Common = common across carriers)
· New Primary E-RNTI
Common
· New Secondary E-RNTI
Common
· UL MAC header type (MAC-i/is only)
Common
· E-DCH Transmission Time Interval 
Per carrier
· HARQ info for E-DCH

· Added or reconfigured E-DCH MAC-d flow list 
Common
· Added or reconfigured E-DCH MAC-d flow 
Common
· MAC-es/e reset indicator (applies to MAC-i/is)
Common
· E-DPCCH info 

· E-DPCCH/DPCCH power offset
Common
· Happy bit delay condition
Common
· E-TFC Boost Info 
Common
· E-DPDCH power interpolation
Common
· E-DPDCH Info

· E-TFCI table index 
Common
· E-DCH minimum set E-TFCI 
Common
· Reference E-TFCIs

· Reference E-TFCI 
Common
· Reference E-TFCI PO
Common
· Minimum reduced E-DPDCH gain factor
Common
· Maximum channelisation codes
Common
· PLnon-max
Common
· Scheduling Information Configuration

· Periodicity for Scheduling Info – no grant
Common
· Periodicity for Scheduling Info – grant
Common
· Power Offset for Scheduling Info 
Common
· 3-Index-Step Threshold
N/A - Common
· 2-Index-Step Threshold
N/A - Common
· Scheduled Transmission configuration

· 2ms scheduled transmission grant HARQ process allocation:
Per carrier
· Serving Grant 
· Serving Grant value
Per carrier
· Primary/Secondary Grant Selector
Per carrier
· UL 16QAM settings
Common
· Pilot format is per carrier
· Are the mobility procedures affected? (See following section) 
· Since the active set is related to the reception of power control commands, do we expand or define a new:

· 
Active Set?

· 
E-DCH Active Set?

· 
E-DCH serving radio link set?
· How is DTX configured on the secondary carrier?
· In the simplest solution, DTX parameters and status could be shared across carriers.
· Since we have two uplinks, what is the radio link failure procedure?

· Can we keep the call alive if one radio link fails, in case the second link carries its own HS-DPCCH at least?

· How many UE capabilities do we need? 
5.2. Active Set Definition
For DC-HSDPA, the active set only contains the sectors on the serving HS-DSCH cell frequency. This frequency will be called the anchor carrier for the ease of presentation in this contribution. 

For DC-HSDPA, the motivations for including only the sectors on the anchor carrier are simplicity and the existence of a single uplink.  Indeed, the definition of active set was re-evaluated to mean the set where of radio links where power control was sent. This was done informally, but it drove the above decision to keep the active set unchanged.
In DC-HSUPA, the existence of two uplinks and two power control processes, raises the question of extending the active set definition as we have new radio links that will need to transmit power control bits.  However, the term ‘active set’ is used extensively throughout the RRC protocols. For example, it is used in measurement control messages and mobility event triggers. Therefore, we find that it is better to define a new set for cells on the secondary carrier than to modify the original active set. Hence, we propose to introduce the following new definitions: 

Secondary Active Set: The set of cells on the secondary downlink carrier where F-DPCH is transmitted on the downlink for uplink power control. 

Secondary E-DCH Active Set: The set of cells on the secondary downlink carrier where E-DCH is carried for one UE. Only radio links for which an E-HICH configuration is stored are considered part of the E-DCH active set. This set is equal to the Secondary Active Set.
Secondary Serving E-DCH cell: Cell from which the UE receives Absolute Grants from the Node-B scheduler on the secondary downlink. A UE can have zero or one Serving E-DCH cell on the secondary uplink carrier.

Secondary Serving E-DCH RLS or Serving RLS (FDD only): Set of cells which contains at least the Secondary Serving E-DCH cell and from which the UE can receive and combine one Relative Grant. A UE can have zero or one Secondary Serving E-DCH RLS.

Secondary Non-serving E-DCH RL or Secondary Non-serving RL (FDD only): Cell which belongs to the Secondary E-DCH active set but does not belong to the Secondary Serving E-DCH RLS and from which the UE in CELL_DCH can receive one Relative Grant. The UE can have zero, one or several Secondary Non-serving E-DCH RL(s).

On the anchor carrier, the E-DCH Active Set is a subset of the Active Set. On the secondary carrier, due to the absence of uplink DPDCH, the Secondary E-DCH Active Set is the same as the Secondary Active Set. 

5.3. Restriction on the Secondary Active Set Members

As stated in the Work Item [2], the serving cell for both uplink carriers shall be the same. 

There are three possible configurations of the active set and Secondary Active Set of a DC-HSUPA UE, as illustrated in Figure 3. For the sake of convenience, we call a sector the geographical area associated with the dual cells.
Configuration 1: The same sectors are on both sets.  

Configuration 2: The sectors on the Secondary Active Set form a subset of those on the active set. 

Configuration 3: The set of sectors on both sets are independent. However, at anytime, the serving cells on both carriers belong to one sector. 
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Figure 3 DC-HSUPA Active set configurations
In the beginning of DC-HSUPA deployment, there will be boundaries between Node B’s with and without DC-HSUPA. At such boundaries, Configuration 2 needs to be supported. 
On the other hand, the benefit of allowing Configuration 3 is limited. Adding a sector to the secondary active set should be tied to adding the same sector to the active set. Otherwise, the UE can’t change its serving sector to a sector without the anchor carrier. At the boundary of DC-HSUPA and non DC-HSUPA deployment, if the anchor carrier is not universally deployed, Event 2a should be used to change the anchor carrier. With the measurement report triggered by Event 2a, the network will be able to configure a complete active set based on the new anchor carrier immediately. If the UE has the search capability on the secondary carrier without the compressed mode, the inter-frequency measurements can be obtained without the service interruption. Furthermore, since the secondary carrier is already active, the channel configuration time during the anchor carrier change should be significantly lower than when DC-HSUPA is not active. 
Configuration 3 also has additional complexity during mobility. For Configuration 3 to be effective, cross-frequency comparison is needed to trigger Events 1x so that a new sector on the secondary carrier can be added without adding the same sector on the anchor carrier. 

Therefore, 
Proposal 5: Only allow active set configurations (1 and 2) where the sectors in the secondary active set are the same or a subset of the sectors in the active set. Similarly, we require the sectors in the secondary E-DCH active set are the same or a subset of the sectors in the E-DCH active set.

Furthermore, a sector is added to or deleted from the secondary active set when the same sector is added to or deleted from the active set. 
Proposal 6: Mobility triggers for Event 1x are anchor-based. 

6. Conclusion

It is proposed to agree on the following:

Proposal 1: Only MAC-i/is is supported with DC-HSUPA operation.

Proposal 2: Redundant queue information bits on the second carrier can be reused for other purposes.

Proposal 3: The redundant Happy Bits on the second carrier could be reused for other purposes or disabled.
Proposal 4: Use the above greedy-filling algorithm for E-TFC selection on both carriers. 
Proposal 5: Only allow active set configurations (1 and 2) where the sectors in the secondary active set are the same or a subset of the sectors in the active set. Similarly, we require the sectors in the secondary E-DCH active set are the same or a subset of the sectors in the E-DCH active set.

Proposal 6: Mobility triggers for Event 1x are anchor-based. 
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