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1
Introduction
A work item on dual-cell HSUPA was recently introduced in [1]. A few agreements were made with regard to this work item in the last RAN WG1 meeting (#56-bis) as captured in [2]. In this document, we address the outstanding issues with regard to the physical channel layout and design for DC-HSUPA.
2
DC-HSUPA Agreements from RAN1#56-bis
In this section, we list the RAN1 agreements made with regard to Uplink and Downlink physical channel layout and design as captured in the DC-HSUPA Ad-Hoc meeting notes [2].
Channel layout and PhCH design

Uplink channels:

· There will be 1 E-DCH transport channel per carrier (RAN2 agreement).

· E-DPDCH, E-DPCCH and DPCCH are transmitted on each carrier.

· It is FFS (dependent on whether there is one or two downlink power control loops) whether a DPCCH slot format without TPC symbols (and without TFCI) should be introduced for the secondary carrier.

· We assume there will be no other new channel coding schemes or slot formats.

· It will be possible to transmit HS-DPCCH only on the primary carrier. The possibility to configure HS-DPCCH to be transmitted on two carriers is FFS.

· UL DCH support: await result of RAN2 discussion

· If UL DCH is to be supported, the DPDCH can only be transmitted on the primary carrier.

Downlink channels:

· UL TPC command (transmitted in downlink), E-AGCH, E-RGCH and E-HICH information is duplicated. Whether to transmit the information for the secondary uplink carrier on the primary or the secondary downlink carrier is FFS (dependent on whether the active sets are independent or not).

· We assume there will be no new channel coding schemes or slot formats.

· DL DCH support: await result of RAN2 discussion

· If DL DCH is to be supported, the DPCH can only be transmitted on the primary carrier.

Power control

There will be two independent uplink power control loops with two independent TPC streams transmitted in downlink.

…..

3
Uplink Physical Channels and Physical Signals

3.1
HS-DPCCH Configuration

In [3], it was proposed to consider a physical channel layout where HS-DPCCH could be transmitted on each of the carriers. The motivation behind this thinking was to allow for a future evolution of MC-HSPA such as MC-HSDPA (4 DL carriers) with MIMO enabled in each DL carrier. Such a configuration may offer a better cubic metric compared to a dual channelization code configuration in a single uplink carrier. 
However in Release 9, we limit the scope of the HS-DPCCH design/configuration for DC-HSUPA to the case when 2 carriers are simultaneously configured on the downlink (MIMO enabled or disabled in each carrier). In this case, our proposal is then to limit the configuration of HS-DPCCH to a single uplink carrier. In other words we propose the following for DC-HSUPA:

Proposal 1: In the case of DC-HSUPA, reuse the existing Rel-8 HS-DPCCH design for DC-HSDPA and transmit HS-DPCCH on a single uplink carrier.
3.2
Definition of Uplink Anchor Carrier

In the last RAN WG1 meeting, an interesting question was raised with regard to how the uplink anchor carrier should be defined. The general thinking was that if we were to label an uplink anchor carrier based on the downlink anchor (serving cell) carrier definition as defined for Release-8 DC-HSDPA, then there is not much significance to this definition as far as the uplink is concerned, since F-DPCH would be transmitted on the downlink for each uplink carrier.

Given that we propose to send HS-DPCCH on a single uplink carrier and the possibility exists to dynamically de-activate a secondary UL carrier by the NodeB (active set size = 1), we believe that a more meaningful definition of anchor carrier on the uplink would correspond to the carrier which carries the HS-DPCCH.

Proposal 2: In the case of DC-HSUPA, the uplink anchor carrier is defined as the carrier on which HS-DPCCH is transmitted.
3.3
DPDCH Configuration
In the case of Rel-8 DC-HSDPA, there is a possibility to configure a dedicated channel on the serving cell (anchor carrier) on the downlink and on the single uplink carrier. Likewise, one would assume that DC-HSUPA should allow for the possibility to configure a single dedicated channel on one of the uplink carriers. If we were to allow such a configuration, then in order to avoid any interruption due to secondary carrier activation/de-activation, it would be desirable to transmit the dedicated channel on the anchor carrier. However, a careful RF analysis is needed to understand the maximum power reduction (MPR) required due to transmission of a DPDCH on a single carrier in a DC-HSUPA configuration:

· Anchor Carrier

· DPCCH, E-DPCCH, E-DPDCH, HS-DPCCH, DPDCH

· Secondary Carrier

· DPCCH, E-DPCCH, E-DPDCH

Proposal 3: The option to configure DPDCH is FFS.

Proposal3a: Send an LS to RAN4 to understand the impact to maximum power reduction (MPR) due to transmission of dedicated channel (DPDCH) when DC-HSUPA is configured on the uplink.
3.4
Uplink DPCCH Slot Formats

In the last RAN1 meeting, in the case of DC-HSUPA, an agreement [2] was made to to allow for independent power control loops per carrier. This in turn could lead to a symmetric configuration of DL F-DPCH and UL DPCCH channels as shown in Figure 1 or an asymmetric configuration as shown in Figure 2. In Figure 2, if both F-DPCH are configured on a single downlink carrier, then there is no need to transmit DL TPC bits on the UL DPCCH in the secondary carrier, since the DL TPC bits transmitted on the UL DPCCH in the first carrier is enough to power control the F-PDCH that carriers on thedownlink the UL TPC for both uplink carriers.
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Figure 1: Symmetric Configuration of DL F-DPCH and UL DPCCH
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Figure 2: Asymmetric Configuration of DL F-DPCH and UL DPCCH
In the next section, we evaluate the potential benefit of transmitting a pilot only DPCCH slot format. 
3.4.1 Performance Benefit of Pilot-Only UL DPCCH Slot Format

In this section we evaluate the performance benefit of transmitting a pilot-only UL DPCCH slot format. Table 1 lists the simulation assumptions used in the link analysis.
Table 1: Simulation Assumptions

	TTI Duration
	2ms

	Maximum Number of H-ARQ transmissions
	4

	Target Number of H-ARQ transmissions
	4

	Target Residual BLER 
	1%

	βE-DPCCH/ βDPCCH [dB]
	0

	UL DPCCH Slot Formats

[Pilot, TFCI, DL TPC]
	[6,2,2];[8,0,2];[10,0,0]

	TBS [bits]
	120, 307

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Channel Type
	Modified PA3, VA30, VA120

	Channel Estimation
	4-slot Non-Causal FIR performed only on Pilot Bits


Figures 3 through 14 illustrate the link efficiency performance as well as corresponding UL DPCCH set-point as a function of βE-DPDCH/ βDPCCH. As seen in these curves, a new DPCCH slot format consisting of 10 pilot bits provides an advantage of the order of 0.2dB to 0.3dB over DPCCH Slot format 1 (8 pilot, 2 TPC). 
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Figure 3: Link Efficiency (Eb/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 120 bits, Modified PA3
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Figure 4: Ecp/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 120 bits, Modified PA3
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Figure 5: Link Efficiency (Eb/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 120 bits, Modified VA30
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Figure 6: Ecp/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 120 bits, Modified VA30
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Figure 7: Link Efficiency (Eb/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 120 bits, Modified VA120
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Figure 8: Ecp/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 120 bits, Modified VA120
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Figure 9: Link Efficiency (Eb/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 307 bits, Modified PA3
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Figure 10: Ecp/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 307 bits, Modified PA3
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Figure 11: Link Efficiency (Eb/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 307 bits, Modified VA30
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Figure 12: Ecp/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 307 bits, Modified PA3
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Figure 13: Link Efficiency (Eb/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 307 bits, Modified VA120
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Figure 14: Ecp/Nt [dB] v/s βE-DPDCH/ βDPCCH [dB] ), TBS = 307 bits, Modified VA120
Based on the observations and the discussion in the previous section we propose the following:
Proposal 4: Reuse existing DPCCH slot formats for DC-HSUPA i.e. there is no need to introduce a new DPCCH slot format.
Proposal 5: On the anchor and secondary carriers, only UL DPCCH Slot Formats 1 and 4 may apply. In addition if the RAN4 analysis on MPR impact due to dedicated channel operation in DC-HSUPA is favorable, we propose to then allow for the slot formats 0, 0A,0B on the anchor carrier (the carrier on which HS-DPCCH is transmitted).
3.5
Summary of Uplink Physical Channel Configuration

In Table 2 below, we summarize our proposed configurations of the uplink channels when DC-HSUPA is configured in the UE. 
Table 2: Uplink Physical Channel Configuration across both carriers, “X" – must be applied, "–" – not applied
	Uplink Anchor Carrier
	Uplink Secondary Carrier

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

	X
	TBD
	X
	X
	X
	X
	-
	-
	X
	X


4
Downlink Physical Channels and Physical Signals

In this section we discuss the configurations of the downlink control channels and physical signals to support DC-HSUPA..
Table 3: Uplink Physical Channel Configuration across both carriers, “X" – must be applied, “O”- can be applied, "–" – not applied
	Downlink Anchor Carrier
	Downlink Secondary Carrier

	F-DPCH
	DPCCH
	E-HICH
	E-RGCH
	E-AGCH
	F-DPCH
	DPCCH
	E-HICH
	E-RGCH
	E-AGCH

	-
	O
	X
	X
	X
	X
	-
	X
	X
	X

	O
	-
	X
	X
	X
	X
	-
	X
	X
	X


As listed in Table 3, we propose the following:

Proposal 6: For each uplink carrier, configure E-HICH, E-RGCH, and E-AGCH on the corresponding downlink carrier.
Proposal 7: In case DPDCH is not configured on the downlink, configure F-DPCH on each of the downlink carriers.
Proposal 8: In case DPDCH is configured on the downlink, configure F-DPCH on the secondary carrier.

5
TTI Configuration
Since DC-HSUPA is intended to enhance higher rates beyond what is provided by single carrier operation using 2ms TTI, and the …..
Table 3: Possible TTI configurations across both carriers

	Anchor Carrier
	Secondary Carrier

	2ms
	2ms


6
Conclusions

In this contribution, we addressed and discussed the outstanding issues related to physical channel layout and design for DC-HSUPA. Based on this discussion we propose the following:
Proposal 1: In the case of DC-HSUPA, reuse the existing Rel-8 HS-DPCCH design for DC-HSDPA and transmit HS-DPCCH on a single uplink carrier.

Proposal 2: In the case of DC-HSUPA, the uplink anchor carrier is defined as the carrier on which HS-DPCCH is transmitted.

Proposal3: The option to configure DPDCH is FFS..
Proposal 3a: Send an LS to RAN4 to understand the impact to maximum power reduction (MPR) due to transmission of dedicated channel (DPDCH) when DC-HSUPA is configured on the uplink.
Proposal 4: Reuse existing DPCCH slot formats for DC-HSUPA i.e. there is no need to introduce a new DPCCH slot format.

Proposal 5: On the anchor and secondary carriers, only UL DPCCH Slot Formats 1 and 4 may apply. In addition if the RAN4 analysis on MPR impact due to dedicated channel operation in DC-HSUPA is favorable, we propose to then allow for the slot formats 0, 0A,0B on the anchor carrier (the carrier on which HS-DPCCH is transmitted).

Proposal 6: For each uplink carrier, configure E-HICH, E-RGCH, and E-AGCH on the corresponding downlink carrier.

Proposal 7: In case DPDCH is not configured on the downlink, configure F-DPCH on each of the downlink carriers.

Proposal 8: In case DPDCH is configured on the downlink, configure F-DPCH on the secondary carrier.
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