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11.6
1. 
Introduction

In this paper, we focus on the power and data allocation rules for DB-DC-HSUPA, describing some potential optimizations (introduced and briefly discussed in the last RAN2, [1]). A mirror document has also been submitted to RAN1#82bis.
Unlike DC-HSUPA, where continuous carriers are used to deploy dual carrier HSUPA, DB-DC-HSUPA pairs one carrier in the low band (e.g. U900) with one carrier in the high band (e.g. U2100). Low band offers significantly better path loss compared to the high band, therefore, the DPCCH power can be significantly different between two carriers in DB-DC-HSUPA deployment. 
When large carrier imbalance exists, it seems appropriate to re-evaluate the existing power and data allocation rules in the spec, in order to optimize the performance. Below is a summary of proposals and motivations, with further details provided in the following sections. 

1. Power allocation: Prioritize power allocation to the carrier with better UL (i.e. carrier with lower DPCCH power)
a. This can improve the user experience (UL data rate), especially at the cell edge
b. This also ensures that DB-DC-HSUPA achieve better, or at least similar, performance compared to SC-HSUPA
2. E-TFC selection: Perform the E-TFC selection on the carrier with better UL first  
a. This improves the link efficiency, i.e. reduce the UE transmit power
3. Non-scheduled flow carrier allocation: Transmit the non-scheduled flow on the low band carrier (most likely to have better UL)
a. This improves the robustness of the non-scheduled flow, especially the SRB

2. 
Power Allocation

For DB-DC-HSUPA, given the potential large UL pathloss difference between two carriers, there may be benefits in re-visiting the power allocation equation used in the existing spec. which is given as below from 25.321
“The power allocation to a frequency i, Pi, is calculated as:
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where Premaining,s is the remaining power for scheduled transmissions once the power for non-scheduled transmissions has been taken into account, PDPCCH,target,i is the filtered DPCCH power defined in [12], and SGi is the Serving Grant on frequency i.”
For DB-DC-HSUPA, due to the large UL pathloss imbalance between two carriers, the DPCCH power can be significantly different. In case when UE is power limited and NW provides large enough Serving Grant on each carrier. The above equation essentially forces the UE to split the power in the fixed way which could lead to link efficiency reduction or throughput loss. For example, if NW gives large and equal Serving Grant (SG) on each carrier, using existing power allocation rule in the spec, UE allocates the power inverse-proportionally to the quality of the carrier, meaning UE allocates more power on the carrier with worse UL (i.e. high DPCCH power). This will surely lead to performance degradation.
As results, we feel it is needed to re-evaluate the power allocation rule used in the spec. in order to make sure the robust performance of DB-DC-HSUPA during deployment. We propose the Imbalance Sensitive Power Allocation which allows the UE to allocate as much power as possible to the carrier with better UL (with lower DPCCH) as long as UE does not violate the Serving Grant. This, at least, could make sure that DB-DC-HSUPA UE performs not worse than SC UE in the field. Below is the new proposed Imbalance Sensitive Power Allocation rule
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Below please find the performance comparisons between SC-HSUPA, DB-DC-HSUPA with spec. power allocation and DB-DC-HSUPA with Imbalance Sensitive power allocation. The data is obtained assuming NW gives high and equal grant on each carrier. Secondary carrier is assumed to have 10dB more pathloss compared to the primary carrier. The data also assumes a UE with total power transmit limit of 23dBm while PA on each carrier has individual transmit power limit of 23dBm. The data was obtained based on SC/DC-HSUPA performance data
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Below are the key observations from the data

· At large imbalance, using existing power allocation has the risk that DC performance could be worse than SC performance at cell edge
· Also, we can observe significant performance loss comparing existing power allocation with the proposed imbalance sensitive power allocation for a wide range of path loss (110 to 130 dB). 
· Even in the region where SC is inferior to either power allocation scheme, the existing power allocation rule shows non-trivial loss compared to proposed formula
To further illustrate the performance, we consider the following two numerical examples.
Example 1

· Assumption
· Power class 3: UE maximum transmit power 23dBm, while each carrier can use up to 23dBm transmit power
· Two Bands , low band has 10dB better path loss than high band
· DPCCH transmit power on low band: 0dBm
· DPCCH transmit power on high band: 10dBm
· Other Power (DPCCH, HS-DPCCH, non-scheduled flow etc.):  5dBm
· Premaining,s = 22.7dBm
· Legacy Power Allocation: Equal and High Grant (for example 30dB on each carrier)
· low band Carrier: Allocate Power 12.3 dBm, Select TBS, 878 bit (12.3 dB power offset)
· high band Carrier: Allocate Power 22.3 dBm, Select TBS, 878 bit (12.3 dB power offset)
· Total TBS scheduled: 1756 bit
· Imbalance Sensitive Power Allocation:
· low band Carrier: Allocate Power 22.7dBm, Select TBS, 9939 bit (22.7dB power offset) 
· Total TBS scheduled: 9939 bit
Example 2
· Assumption
· Power class 3: UE maximum transmit power 23dBm, while each carrier can use up to 23dBm transmit power
· Two Bands , low band has 10dB better path loss than high band
· DPCCH transmit power on low band: 5dBm
· DPCCH transmit power on high band: 15dBm
· Other Power (DPCCH, HS-DPCCH, non-scheduled flow etc.):  10dBm
· Premaining,s = 21.9dBm
·  Legacy Power Allocation: Equal and High Grant (for example 30dB on each carrier)
· low band Carrier: Allocate Power 11.5 dBm, Select TBS, 230 bit (6.5 dB power offset)
· high band Carrier: Allocate Power 21.5 dBm, Select TBS, 230 bit (6.5 dB power offset)
· Total TBS scheduled: 460 bit
· Imbalance Sensitive Power Allocation:
· low band Carrier: Allocate Power 21.9 dBm, Select TBS, 9939 bit (16.9 dB power offset)
· Total TBS scheduled: 2798 bit
Clearly, when large imbalance exists, the proposed imbalance sensitive power allocation offers significantly better performance compared to the existing power allocation, especially when UE is at cell edge. More importantly, the existing power allocation has the risk of DB-DC-HSUPA performing much worse with SC-HSUPA at the cell edge, while the imbalance sensitive power allocation eliminates the risk.
3. 
E-TFC Selection

The existing rule in 25.321 requires the UE to perform E-TFC selection on the secondary carrier first, i.e. fill the data on the secondary carrier first. Below is quoted from 25.321

“When the UE has more than one Activated Uplink Frequency and E-TFC selection is invoked by more than one HARQ entity, the following E-TFC selection procedure is first applied to the Secondary Uplink Frequency and then to Primary Uplink Frequency.”
This rule was designed based on some specific assumption [2]. The main purpose/motivation was 

“The data allocation should start from the secondary carrier. Conceptually, this is to empty out the queues for the scheduled flows as much as possible before the non-scheduled and scheduled transmissions are mixed together”
Such existing rule is beneficial if and only if both of the following conditions are true at the same time
· Non-scheduled flow can only be transmitted on the primary carrier (which is currently required by the spec.)
· There exists at least one scheduled flow that has higher priority than the non-scheduled flow
However, in the field, we always observe that the non-scheduled flow has the highest priority as expected. Hence, if the non-scheduled flow has the highest priority, then there is no need to force the E-TFC selection to start on the secondary carrier first. On the other side, even if the non-scheduled is configured with lower priority, which implies that the network does not think it is the most important flow, then delaying the non-scheduled transmission by one or a few TTIs may not cause relevant performance issues.

However, for DB-DC-HSUPA, the two carriers can have significant quality difference (DPCCH transmit power). We therefore propose to perform E-TFC on the carrier with better UL (lower DPCCH power) first. The advantage is to improve link efficiency, i.e. reduce UE transmit power.
4. 
Non-scheduled Flow Carrier Allocation

In the current spec., non-scheduled flow is always transmitted on the primary carrier. For DB-DC-HSUPA, there is possibility that the low band carrier is the secondary carrier. Considering that low band carrier can have significantly better UL (lower DPCCH power) compared to the high band carrier, we feel it is needed to re-evaluate which carrier shall be used for transmitting non-scheduled flow.
We propose to transmit the non-scheduled flow on the low band carrier. This ensures the best link efficiency for non-scheduled flow. More importantly, non-scheduled flow often carries very important, time critical information, such as SRB, the new proposed rule can improve the reliability of the SRB.

5. 
Conclusions
To handle the large carrier imbalance that can happen during DB-DC-HSUPA deployment, we propose the following enhancements to the data and power allocation rules, in order to improve user experience at the cell edge, reduce user transmit power, increase the reliability of the non-scheduled flow (SRB) and ensure that DB-DC-HSUPA user always performs better than SC user.
Proposal 1: Prioritize power allocation to the carrier with better UL (i.e. carrier with lower DPCCH power)

Proposal 2: Perform the E-TFC selection on the carrier with better UL first (i.e. carrier with lower DPCCH power)
Proposal 3: Transmit the non-scheduled flow on the low band carrier (most likely to have better UL)

6. 
References

[1] R2-153695, RAN2 impacts due to the introduction of DB-DC-HSUPA, Qualcomm
[2] R2-095957, Remaining Issues in E-TFC Selection in DC-HSUPA, Qualcomm
1

_1504339095.unknown

_1504339106.unknown

