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1
Introduction
A work item on dual-cell HSUPA was recently introduced in [1]. In this document, we propose a set of working assumptions to help define the DC-HSUPA functionality.
2
DC-HSUPA Working Assumptions

2.1 Co-existence with legacy UEs

When DC-HSUPA is introduced in the network, we expect a mix of UEs whose uplinks are configured on single and dual carriers. Our assumption is that there will be no impact to legacy UE/UTRAN behavior due to introduction of this feature..
2.2 Carrier Allocation

In Release 8 DC-HSDPA on adjacent carriers, the concept of anchor and secondary carriers was introduced for the downlink. For DC-HSUPA, we propose to extend this concept to the uplink. 
An uplink anchor carrier maybe defined as the uplink carrier that respects the duplex distance with respect to the downlink anchor carrier and an uplink secondary carrier may be defined as the uplink carrier that respects the duplex distance with respect to the downlink secondary carrier.
In Release-8 DC-HSDPA on adjacent carriers, an anchor carrier change involved an interruption since the UE changed the UL carrier in accordance to the new anchor carrier. However in the case of DC-HSUPA, since both the UL carriers are already enabled, changing an anchor carrier corresponds to labeling which carrier is the anchor carrier and there should be no physical layer interruption due to this change for the DPCCH and E-DCH channels. In case HS-DPCCH and/or DPDCH/DPCCH is only configured on the anchor carrier, it is for further study whether any physical layer interruption may occur due to this reconfiguration.
2.3 Simultaneous Configurations of DL/UL

In Table 1, we list the possible configurations of downlink and uplink. The justification of this table is based on the objective of the DC-HSUPA work item [1]:
· Specify Dual Cell HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH.

b. The carriers belong to the same Node-B and are on adjacent carriers

c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

Table 1: Simultaneous Configurations of DL/UL, X" – can be applied, "–" – not applied
	DL Configuration
	SC-HSUPA
	DC-HSUPA (Adjacent Carriers)

	SC-HSDPA
	X
	-

	DC-HSDPA (Adjacent Carriers) Non-MIMO in each carrier
	X
	X

	DC-HSDPA (Adjacent Carriers) MIMO in any or all carriers
	X
	X

	DC-HSDPA (Dual-Band)       Non-MIMO in each carrier
	X
	-

	DC-HSDPA (Dual-Band)       MIMO in any or all carriers
	X
	-

	MC-HSDPA (3/4 Adjacent Carriers)
	X
	X


2.4 Uplink Physical Channels and Physical Signals
With the introduction of DC-HSUPA, we do not expect to introduce any new physical channels. Instead we assume that existing uplink physical channels can be transmitted on both carriers. 
In particular, we assume the following:
· DPCCH is configured on both carriers

· E-DCH is configured on both carriers

· DPDCH may be configured on only the anchor carrier

· HS-DPCCH may be configured on one or both carriers

· Based on future studies (for example cubic metric, link analysis), we will revisit the assumption to transmit HS-DPCCH on both carriers.

Table 2 lists the possible configurations of uplink physical channels across both carriers.
Table 2: Uplink Physical Channel Configuration across both carriers
	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


2.5 Downlink Physical Channels
For DC-HSUPA, as a working assumption, we propose that the downlink physical channels required to support uplink operation on both carriers are sent in a symmetrical fashion on each carrier. In particular, in CELL_DCH, we assume the following DL channels are sent on each of the carriers:
· F-DPCH 

· If DPDCH is not configured on the anchor; 
· Else, F-DPCH is sent only on the secondary carrier
· E-HICH

· E-RGCH
· E-AGCH
2.6 TTI Configuration

In Table 3, we list the possible TTI configurations across both carriers. The first 2 configurations in the table may correspond to a network that only deploys 2ms TTI or a network that only deploys 10ms TTI respectively. However, there may be networks that deploy both 2ms and 10ms TTI simultaneously on the uplink. In that case, it may be useful to allow the anchor carrier to be configured with 10ms TTI, and the secondary carrier to be configured with 2ms TTI, thereby allowing the UE to experience improved uplink coverage at the cell edge. In this case i.e. when uplink coverage is limited, we assume that the NodeB could temporarily de-activate the secondary carrier, without requiring the RNC to reconfigure the UE from 2ms TTI to 10ms TTI.
Table 3: Possible TTI configurations across both carriers

	Anchor Carrier
	Secondary Carrier

	2ms
	2ms

	10ms
	10ms

	10ms
	2ms


2.7 Channel Coding and Multiplexing

We propose that in the case of DC-HSUPA, separate channel coding and multiplexing chains as specified in 25.212 be used on each carrier for DPDCH, E-DPCCH and E-DPDCH. With regard to HS-DPCCH, some further analysis is needed to decide if HS-DPCCH should be sent independently or whether HS-DPCCH should be sent via a joint code (as defined in Release 8 DC-HSUPA) on a single carrier.
2.8 Dynamic Activation/De-activation of secondary carrier
As in the case of Release 8 DC-HSDPA, we propose that new HS-SCCH order types be allowed to be sent from the NodeB to dynamically activate and de-activate the secondary uplink carrier. Note that the NodeB may still choose to keep the secondary downlink carrier activated while de-activating the secondary uplink carrier.
We also propose to allow for a UE to implicitly release the secondary carrier based on a similar mechanism introduced as part of EUL in CELL_FACH. Of course, in the case of EUL in CELL_FACH, the trigger for releasing the uplink resource was mainly due to emptying the UE’s E_DCH transmit buffer. In the case of DC-HSUPA, the trigger mechanism could be due to deteriorating channel conditions as measured by the UE. Instead of involving the RNC, the UE could directly convey this release to the NodeB using SI=0 method as is used in EUL in CELL_FACH.
2.9 Uplink Spreading and Modulation
We propose independent spreading and pulse shaping filter (SRRC) operations on the uplink physical channels on each carrier. Since the DC-HSUPA WI is restricted to adjacent carriers, as shown in Figure 1, the output of each pulse shaping filter needs to be rotated by 2 complex phasors (-2.5 MHz and +2.5 MHz respectively) prior to RF modulation.
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Figure 1: DC-HSUPA (Adjacent Carriers) UE Transmitter: High Level Block Diagram

Also, we assume that the beta gain factors of the uplink channels on each of the carriers are independently set across carriers. Finally, we assume that if UL 16QAM operation is enabled, it is enabled across both carriers.
2.10 Synchronization Procedures

2.10.1 Synchronisation primitives

The physical layer in the Node B shall checks synchronisation status of all radio link sets in the anchor carrier. Synchronisation status is indicated to the RL Failure/Restored triggering function using either the CPHY-Sync-IND or CPHY-Out-of‑Sync‑IND primitive. A synchronisation status indication is given per radio link set. 

We propose that the procedure for indicating in-sync/out-of-sync status to the secondary carrier be identical to that of the anchor carrier. The synchronisation primitives are also duplicated and the RL Failure/Restore procedures can be the same for the secondary carrier as well. An independent synchronisation status indication is maintained for the secondary carrier.
2.10.2 Radio link establishment and physical layer reconfiguration for   dedicated channels
The radio link set can be in one of three different states: initial state, out-of-sync state and in-sync state. We propose that identical states be defined for the secondary carrier and the states for the radio link set pertaining to the secondary carrier be maintained independently.

Transition procedures between the states can be duplicated for the secondary carrier.

2.10.3 Radio link monitoring

The uplink radio link sets in the anchor carrier are monitored by the Node B, to trigger radio link failure/restore procedures. We propose that the NodeB also monitors the radio link sets for the secondary carrier at the same rate.

The timer T_RLFAILURE and parameters, N_OUTSYNC_IND and N_INSYNC_IND are used to transition between the in-sync and out-of-sync states in the NodeB. The values of these are configurable. We propose that similar parameters and timer be configured for the secondary carrier as well. 
Finally, the mechanisms for triggering the RL Failure and the RL Restore procedures can be kept the same for the secondary carrier. 
2.10 .4 Uplink transmission timing adjustments
In the case of single carrier operation, at the UE, the uplink DPCCH/DPDCH frame transmission takes place approximately T0 chips after the reception of the first detected path (in time) of the corresponding downlink DPCCH/DPDCH or F-DPCH frame. 
It is not expected that the equivalent path of the secondary carrier would be much different than that of the anchor since both carriers are synchronized on the downlink. Therefore, we propose that transmission timing of the uplink DPCCH also be synchronized. Such an approach would also be implementation friendly.
2.11 Maximum Uplink Transmit Power
We assume that the UE’s maximum transmit power is independent of whether the UE is configured for single carrier or dual carrier operation. 
2.12 Uplink Transmit Power Control

In general, even if the uplink carriers are adjacent, the correlation between the carriers is not perfect. Furthermore, the noise rise in each carrier may not be identical on a short term scale. Hence, it is illogical to expect that the NodeB will issue the same transmit power control commands in each time slot. As a working assumption, we propose that independent UL TPC commands are sent on the F-DPCH in each carrier. Furthermore, since the loading, interference conditons and datarates per carrier could be quite different; we also propose to have separate outer-loops for the two carriers. 
When the UE total transmit power including the TPC commands is within the maximum transmit power, the UE has to scale its power between the carriers and among the channels on each carrier. 
Some further study is needed to determine a suitable algorithm at the UE when the UE is transmitting at maximum transmit power as well as the open-loop power control algorithm when a UE is setup with 2 carriers upon entry to CELL_DCH state.
2.13 MAC-e scheduling for DC-HSUPA

Given that a UE will maintain a single E-DCH buffer, we assume a joint MAC-e scheduler for DC-HSUPA operation. The joint scheduler is responsible for controlling E-DCH system resources across both the carriers.
2.14 E-DCH Related Procedures

Since we assume symmetric operation of the E-DCH related channels across both carriers, we assume that the existing single carrier E-DCH related procedures should apply to the secondary carrier also. It is for future study whether non-scheduled grants should be applied to a single carrier or to both carriers.
2.15 Discontinuous transmission procedures
The addition of a second downlink in DC-HSDPA did not result in different DRX/DTX parameters and status for the two downlink carriers. In the case of DC-HSUPA, we propose a similar approach.The 2 uplinks for a DC-HSUPA system have the same DTX status at any time. i.e. they are either both transmitting, or both discontinuing their transmission, in any TTI. Furthermore, we propose that all the parameters pertaining to CPC in the secondary carrier be kept identical to the anchor carrier with the exception of uplink DPCCH slot format. Depending on whether DPDCH is configured on the anchor carrier, the DPCCH slot format may be different for the two carriers.
2.16 Operation during compressed mode
Transmissions on the anchor carrier occur on the uplink when the TTI in which transmission occues does not overlap an uplink transmission gap. We propose that similar procedures are followed for transmissions on the secondary carrier.
2.17 Set Definition for DC-HSUPA
For DC-HSDPA, the active set only contains the sectors on the serving HS-DSCH cell frequency. The motivations for including only the sectors on the anchor carrier are simplicity and the existence of a single uplink.

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 transmit power control bits. However, the term ‘active set’ is used extensively throughout the RRC protocols. For instance, 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. 
Restriction on the Secondary Active Set Members

There are three possible configurations of the active set and Secondary Active Set of a DC-HSUPA UE, as illustrated in Figure 2. 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 2 DC-HSUPA Active set configurations
At cell boundaries between cells deploying DC-HSUPA and cells that dont, 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, we propose that only Configurations 1 and 2 are allowed 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. 
2.18 UE Category
Support for DC-HSUPA operation would be a UE category. An additional UE category could be potentially defined:
Table 4: FDD E-DCH physical layer categories
	E-DCH category
	Maximum number of E-DCH codes transmitted


	Minimum spreading factor
	Support for 10 and 2 ms TTI EDCH
	Maximum number of bits of an E-DCH transport block transmitted within a 10 ms E-DCH TTI
	Maximum number of bits of an E-DCH transport block transmitted within a 2 ms E-DCH TTI
	Supported modulations without dual-cell operation
	Supported modulations with dual-cell operation

	Category 1
	1
	SF4
	10 ms TTI only
	7110
	-
	QPSK
	-

	Category 2 
	2
	SF4
	10 ms and
2 ms TTI
	14484
	2798
	QPSK
	-

	Category 3
	2
	SF4
	10 ms TTI only
	14484
	-
	QPSK
	-

	Category 4
	2
	SF2
	10 ms and
2 ms TTI
	20000
	5772
	QPSK
	-

	Category 5
	2
	SF2
	10 ms TTI only
	20000
	-
	QPSK
	-

	Category 6
	4
	SF2
	10 ms and
2 ms TTI
	20000
	11484
	QPSK
	-

	Category 7
	4
	SF2
	10ms and 2 ms TTI
	20000
	22996
	QPSK, 16QAM
	-

	Category 8
	4
	SF2
	10ms and 2 ms TTI
	20000
	22996
	QPSK, 16QAM
	QPSK, 16QAM

	NOTE: When 4 codes are transmitted in parallel, two codes shall be transmitted with SF2 and two with SF4
	
	


3
Conclusions

In this contribution, various issues pertaining to the operation of DC-HSUPA were discussed and a set of working assumptions were proposed as a framework for guiding design. The topics covered included carrier allocation, physical channel and TTI configurations, synchronizations procedures, CPC, active set definitions. It is desired that RAN WG1 discuss the topics and issues raised and agree on a set of working assumptions.
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