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1 Introduction
RAN#50 initiated a work item on 8-carrier HSDPA operation [1] with the following objectives:
· Specify 5-8 cell HSDPA operation in combination with MIMO for the following scenarios:

a. The 5-8 carrier transmission only applies to HSDPA physical channels.

b. The carriers belong to the same Node-B.

c. The carriers are configured to be spread across 1 or 2 bands.

d. The carriers within one band are configured to be adjacent.

e. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted as part of the work item. The combinations developed under this WI will be added to the WID in RAN#52.

f. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA, DB-HSDPA and 4C-HSDPA should be re-used unless non-re-use can be justified by clear benefits.

g. Since an independent design of 5-8 carriers HSDPA and DC-HSUPA is preferred, the work should assess the benefits of compatibility with single UL carrier operation while minimizing the required changes to existing features and channel structures. 

· Introduce the functionality in the relevant specifications of

a. UL and DL control channel structure

i. The work should focus on reusing existing structures as much as possible. 

b. L2/L3 protocols

b.1   The Layer 1/2/3 protocols shall be designed in such a way that they would not require changes to support non-adjacent channels in same band 

c. UTRAN network interfaces

d. UE RF core requirements with the work task breakdown 

In order to reduce UE RF combinations for the multi-band options, TSG RAN WG4 should as initial task identify a limited set of band combinations and number of carriers in each band to be covered in this WI so that the supported band combinations and number of supported carriers per band can be added to the WID in RAN#52. The way of working and combinations identified for DB-HSDPA in Rel-9 and 4C-HSDPA in Rel-10 should serve as a baseline for discussion for this WI. The work for 8C-HSDPA band combinations needs to be prioritized together with remaining band combinations for 4C-HSDPA.
Work should address the following main areas:

· 5-8 carrier solutions configured adjacent in one band where MIMO operation is configured for zero, some or all carriers

· 5-8 carrier solutions across 2 bands where carriers on each band are configured adjacent and where MIMO operation is configured for zero, some or all carriers. 

· Operation of non-adjacent carriers within single band arising from the deactivation of one or more configured carriers should be supported if considered feasible by RAN4.
The WID specifies that the work should assess the benefits of compatibility with single uplink operation. As it clearly is desirable to keep different features independent, this contribution aims at evaluating 

· The potential benefits of bundling 8C-HSDPA with DC-HSUPA operation, and  

· Whether one uplink is sufficient for transmitting the feedback information.

Based on our analysis our view is that there are no technical reasons to require that 8C-HSDPA always is operated in conjunction with DC-HSUPA. Hence, it is proposed that the design for 8C-HSDPA should be done in such a manner so that it is possible to operate 5-8 carriers HSDPA with a single uplink carrier. 

2 Discussion
This section discusses the potential benefits to bundle 8C-HSDPA together with DC-HSUPA. Aside from a simple quantitative analysis we also provide a qualitative discussion focusing on the pros and cons. 

Based on one of our earlier contributions on 8C-HSDPA [2], it is possible to derive the downlink-uplink asymmetry as 75 under the assumptions that the TCP packet size is 1500 bytes and the TCP ACK packet size is 40 bits. A downlink-uplink asymmetry of 75 suggests that in order to carry the TCP feedback information the data rate offered in the uplink need to exceed 1/75≈1.33 percent of the data rate with which packets are transmitted in the downlink. For 5-8 carrier HSDPA the offered downlink peak data rate will vary between 105 and 336 Mbps depending on configuration (105 Mbps corresponds to a setting where a UE is configured with 5 downlink carriers without MIMO and 336 Mbps corresponds to the optimistic setting where the UE is configured with 8 carriers, MIMO transmissions is employed on all carriers, and 64QAM is used for each stream). These downlink data rates will require an uplink data rate of 1.4 and 4.5 Mbps, respectively. In order to get an understanding of the downlink data rates that can be supported with a single uplink we in the following derive the required noise as a function of the data rate with which packets are transmitted in the downlink.
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where 
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 denotes the power measured by the Node-B from users in the cell of interest and 
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 denotes the inter-cell interference. We moreover assume that there are M active users in the cell and that the scheduler has allocated an equal amount of its scheduling headroom to each one of the M users. Hence 
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, where prx is the contribution from each individual user. Finally we also define 
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. The signal to interference plus noise ratio at the Node-B experienced by one of the users can be written as 

[image: image6.wmf](

)

(

)

(

)

(

)

(

)

(

)

1

1

1

1

1

1

int

int

+

-

+

-

=

+

+

-

+

=

+

-

=

+

-

=

G

h

h

M

F

N

M

F

I

I

M

F

I

N

M

I

I

M

I

N

p

I

p

tot

tot

tot

ra

tot

ra

rx

tot

rx

 
(2)
where 
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The corresponding link level capacity is modelled as 
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where 
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is a spectral efficiency coefficient and 
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is an SIR offset (“SIR gap”) that describes the difference between information theoretic and practical results. Here we assume that 
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, and the factor 2 stems from Rx-diversity. These assumptions have previously been used to model the HSUPA uplink. 
We moreover assume that F=0.65 (this value was observed with 3D antennas in e.g. [5] with RAKE2 receivers)
, W=3.84 Mcps (i.e. the chip rate), and M=1 (this corresponds to the scenario where there only is one user in CELL_DCH state in the cell of interest). Note that M=1 is a reasonable assumption since we also assume that there only is a single user scheduled in the downlink. 
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Figure 1: Illustration of the required noise rise to support a certain downlink data rate. 
Figure 1 presents the supported downlink data rate as a function of the noise rise requirement when single-stream uplink transmission is supported.
From the figure we can observe that in order to support the maximum peak data rate of 336 Mbps in downlink with a single carrier configured with MIMO a noise rise of 5-20 dB is required depending on the F-factor. Although a noise rise of 20 dB is fairly challenging it should be noted that:
· It is evident that a single uplink carrier is sufficient for the vast majority of configurations supported by 5-8 carrier HSDPA. In fact, with a noise rise requirement of 10 dB a downlink data rate of 350 Mbps can be supported even when the F-factor is 0.65.
· With the deployment of 4-way Rx diversity and/or advanced receiver structures (interference avoidance and/or interference suppression) implemented at the Node-Bs it will be possible to increase the noise rise operation point from today’s levels. In addition the F-factor will be reduced (i.e. cell isolation will increase).
· The introduction of network architectures consisting of smaller cells (e.g., micro and/or pico cells) as well as dedicated indoor solutions will also help to increase the cell isolation and facilitate a higher noise rise operating point.

· With TCP modifications a higher downlink-uplink asymmetry can be supported. Two possible enhancements would be to use ”accumulative TCP acknowledgements”, i.e. let a single TCP ACK acknowledge multiple downlink TCP packets or possibly to increase the TCP packet size. 

· Some protocols, such UDP, do not require any feedback. 
In our view, the main conclusion from the discussion above is that for the vast majority of the configurations supported by 5-8 HSDPA a single uplink is sufficient. Furthermore, even though it possibly can be challenging to provide the necessary uplink data rates for the most extreme settings (i.e., when 8 carriers with MIMO are configured and 64QAM as well as dual stream transmissions take place on all carriers) under the constraints present today, it is likely that the uplink can be operated with both a higher spectral efficiency, a higher noise rise and an increased cell isolation in the time frame where we will start to see 5-8 carrier HSDPA deployed in the field. (A lot of work within and outside the 3GPP community is being targeted towards increasing the noise rise operating point). Hence, we do not see any strong technical reasons to bundle 8C-HSDPA with DC-HSUPA operation.
Finally, we also highlight that even though 5-8 carriers HSDPA is not bundled with DC-HSUPA in the 3GPP specifications it will still be possible for mobile operators to only use some of all the possible configurations provided by 5-8 carriers HSDPA if the UE can be configured with DC-HSUPA. However, rather than taking the decision in 3GPP, each operator can take this decision and base it on its available spectrum bandwidth, its MIMO deployment strategy, etc. Hence, requiring that 8C-HSDPA should be compatible with a single uplink will provide larger flexibility to mobile operators. 
Proposal 1: Agree that 8C-HSDPA should be designed in such a way so that it is possible to operate with a single uplink carrier configured.
Finally we also notice that if the 3GPP specifications were to require that a UE configured with 5-8 carrier HSDPA also was configured in DC-HSUPA the question on whether the HS-DPCCH should be transmitted on one uplink carrier only (e.g., the primary uplink carrier) or the feedback information should be split into two HS-DPCCHs and transmitted on individual carriers would arise. In the latter case, two despreaders would be required for HS-DPCCH transmissions. Moreover, the HS-DPCCH transmissions would have to be dynamically remapped amongst the two uplink frequencies. Finally, we also stress that part of the design for DC-HSUPA (e.g., power scaling procedures, etc.) were based on the assumption that the HS-DPCCH always was transmitted on the primary uplink carrier.

Proposal 2: Agree that HS-DPCCH always is mapped to the primary uplink frequency only.
3 Conclusions
This contribution discussed whether it only should be possible to configure 5-8 carrier HSDPA in combination with DC-HSUPA or whether it also should be possible to operate it with one uplink. Based on our analysis we propose:
Proposal 1: Agree on the working assumption that 8C-HSDPA should be designed in such a way so that it is possible to operate with a single uplink carrier configured.
Proposal 2: Agree that HS-DPCCH always is mapped to the primary uplink frequency only.
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� With advanced receiver structures (e.g., interference suppressing) we would expect a lower F-factor.
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