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1
Introduction
This contribution is an update to R1-082823. A few more simulations were run to evaluate DL throughput gain due to Dynamic Carrier Switching in small and large cells, as well as for different cell-edge geometries. Furthermore, Figures 3 through 5 have been modified to better illustrate the timing relationships.

In [1], HS-SCCH orders (NodeB to UE) were introduced for the purpose of activation and deactivation of secondary serving HS-DSCH cell. The key motivation behind this proposal was to address a loss in uplink link budget [2],[3] associated with increased cubic metric and increased HS-DPCCH power (3dB) in transmitting the second HS-DPCCH channel. Another secondary benefit of this proposal was to allow for battery savings in the UE, although this could also be achieved via RRC signaling from RNC to UE.
In this contribution, we investigate the loss in DL throughput due to this mode of operation. Based on the loss observed, we propose an alternate mode of operation - dynamic carrier switching. This mode ensures that the UE transmits on a single HS-DPCCH thereby preserving uplink link budget, compared to single carrier operation, and also that the loss in downlink throughput improves significantly over the static activation /de-activation mode of  operation.
2
Dynamic Carrier Switching
As an alternate to static single carrier assignment, achieved via NodeB HS-SCCH orders, we propose an alternate mode of operation as follows:

· UE is in DC-HSDPA mode.

· UE is configured (Dynamic Carrier Assignment) in this mode of operation via HS-SCCH order from NodeB.
· When the NodeB detects that the UE is power headroom limited (for example, based on SI information), the NodeB decides to configure the UE in this mode. This part need not be specified in the specifications.

· UE disables transmission on HS-DPCCH2.

· UE uses CQI Feedback Cycle 2 and a CQI Time Offset = 1 TTI.

· UE continues to monitor both carriers on the DL.

· NodeB will transmit HS-PDSCH to the UE on a single carrier (any of the two carriers) in any 2ms TTI.

· The UE, upon receiving the HS-PDSCH, will send the ACK/NACK/PRE/POST on the legacy HS-DPCCH i.e. HS-DPCCH1 to the NodeB.
· As shown in R1-082822, there is up to a 1.45dB impact in cubic metric, if the UE transmits the ACK/NACK/PRE/POST on HS-DPCCH2 instead of HS-DPCCH1.

· When the NodeB decides to disable Dynamic Carrier Assignment, it sends an HS-SCCH order to the UE.

· Upon receiving this order, the UE enables HS-DPCCH2, to transmit ACK/NACK information of the secondary serving cell on HS-DPCCH2. The CQI information for both carriers can still be sent in an alternating fashion on the legacy code/branch that carries the HS-DPCCH1. 
3
Gains from Dynamic Carrier Switching over Static Carrier Assignment
In this section, we investigate the system performance gains from dynamic switching over static carrier assignment.
System simulation assumptions for DC-HSDPA performance evaluation were broadly agreed upon in [4]. For certain parameters, a few possible options were listed. The following simulations have been generated for these specific assumptions. This table is reproduced from [5]. The scheduler time constant is 1.5 seconds.

	Parameters
	Comments

	Channel Model
	PA3

	UE Receiver Type
	Type 3 (LMMSE with RxD)

	HS-DSCH Power
	Maximum Power = 70% of Node B transmit power

HS-SCCH power decided by a 1% HS-SCCH BLER

HS-DSCH power margin driven by an outer loop (10% BLER after 1st Tx, Max 4 HARQ Transmissions)

	Other Sector Transmit Power
	OCNS = 1 (all other sectors always transmit at full power)

	Fading Across Carriers
	Uncorrelated

	Channel Estimation
	Realistic
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Figure 1: Gains from Dynamic Carrier Switching over Static Carrier Assignment (1 km ISD)
Figure 1 shows significant gains from dynamic carrier switching (over static carrier assignment) in terms of user throughput for low geometry (or path gain) users. For the small cells (1 km ISD) considered here, -3 dB geometry and 122 dB path loss are the five percentile points in the CDF of geometry and path loss respectively. 

For large cells (2.8 km ISD, with all other assumptions same as in [4] and [5]), dynamic carrier switching is even more significant as the uplink link budget is worse. Figure 2 shows similar gains for this case. Path Loss of 136 dB is the 5 percentile point in the CDF of path loss for this case.

[image: image2.emf]Large Cell (2.8 km ISD): Gains from Dynamic Switching 

over static assignment

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

Users per sector

Percentage Gain

PL > 136 dB Threshold


Figure 2: Gains from Dynamic Carrier Switching over Static Carrier Assignment (2.8 km ISD)
Users with a path loss of 136 dB (or worse) are those for which one would enable either mode of operation to restore the uplink link budget hit due to the operation of 2 HS-DPCCH channels on a single uplink. The gains are significant enough to suggest using the HS-SCCH order for the purpose of dynamic carrier switching instead of static carrier assignment.

4
Dynamic carrier switching and CPC

Since the CQI from both carriers on the downlink are transmitted on a single uplink with an offset, optimization of the CQI transmissions is necessary in order to avail of the DTX functionality.
Figures 2, 3 and 4 show timing relationships between E-DPDCH, HS-SCCH, HS-PDSCH and HS-DPCCH for different 
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Figure 3: Timing Relationships between E-DPDCH, HS-SCCH, HS-PDSCH and HS-DPCCH: Case 1
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Figure 4: Timing Relationships between E-DPDCH, HS-SCCH, HS-PDSCH and HS-DPCCH: Case 2
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Figure 5: Timing Relationships between E-DPDCH, HS-SCCH, HS-PDSCH and HS-DPCCH: Case 3
Figure 3 shows perfect alignment between HS-DPCCH and E-DPDCH. The TX burst which occurs during the on time of the DTX cycle is also shown. In this case, a change in the positioning of the CQI information for the second carrier would not benefit the DTX cycle or rather would have the same impact to the DTX cycle with regards to an increase in the on time.

Figure 4 shows a case where the E-DPDCH and the HS-DPCCH are misaligned.  Note that the TX burst time occurs such that transmitting the CQI information corresponding to the secondary carrier on the slot previous to that of the anchor would result in the least disruption to the DTX cycle in terms of reducing the on time. 

Similarly in Figure 5, another case of misalignment is shown. Here, it is seen that positioning the CQI information of the secondary carrier in the slot next to the one slated for the anchor carrier would cause the least impact to the DTX cycle. This is because the burst begins after the beginning of the HS-DPCCH1 transmission.
Therefore, in order that the impact to the DTX cycle is minimized, positioning the CQI information for the secondary carrier pre or post that of the anchor carrier should be considered based on timing (
[image: image7.wmf]DTX

t

). To that end, we propose that the interaction of the CPC with dynamic carrier switching be specified in this way.
5
Conclusion

A new mode of operation titled “Dynamic Carrier Switching” was introduced. The average user throughput gain on the DL is significant (15% to 40%) over a static mode of activating and de-activating the DL carriers. This mode of operation does not rely on HS-DPCCH2. Instead, ACK/NACK as well as CQI information is sent on a single HS-DPCCH, thereby reverting to single carrier performance on the uplink. As a result, we propose the following:
Proposal 1: Introduce a new procedure “Dynamic Carrier Switching” as described in Section 2.

Proposal 2: Instead of using an HS-SCCH order to activate/de-activate the secondary serving cell, reinterpret this HS-SCCH order for the purpose of activating/de-activating dynamic carrier switching.

Proposal 3: Transmission of CQI information corresponding to the second carrier is chosen on either side of the CQI corresponding to the anchor carrier depending on the E-DCH burst timing.
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