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1 Introduction
At RAN#46, the detailed scope of the 4C-HSDPA WID was discussed and agreed [1].  Below is an excerpt from the agreed WID, emphasizing the desire of minimizing the resign and standard effort required for the WID:

“Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be re-used unless non-re-use can be justified by clear benefits.”
This contribution discusses and analyzes the tradeoff between code reusability and UE performance related to 4C-HSDPA feedback design and proposes the way forward based on the above guideline in conjunction with performance considerations.

2 Discussion
2.1 HS-DPCCH feedback design solutions
In RAN#46, the scope of 4C-HSDPA related to carrier/MIMO combinations was not specified and left for further study as one of the objectives of the work item.  Considering that the MIMO operation is still likely to be configured on each carrier independently, the design efforts for the HS-DPCCH feedback design should be evaluated for all possible downlink carrier configurations as listed in Table 1, which is presented in order of increasing total number of transport blocks per configuration. 
Considering a non-MIMO carrier, the ACK/NACK feedback only consists of three 3 states: A(ACK), N(NACK), and D(DTX).  For a MIMO configured carrier, the acknowledgement states should include both single stream and dual stream operations,  leading to total of  7 states for that carrier:  D, A, N, AA, NA, AN, and NN.  When multiplexing the ACK/NACK feedback for multiple carriers in a single uplink transmission, the number of codewords required for the resulting composite codebook can be calculated as the products of the number of states for each configured carrier (3 or 7 as stated above) and subtracting the case of all carriers being in DTX which does not require a specific codeword.  The resulting codebook size for all the DL carrier configurations is shown in the 5th column of Table 1, where the codewords for PRE/POST are not included.
The CQI/PCI information field in HS-DPCCH is encoded separately that has different length allocations for an individual carrier: 5 bits for non-MIMO carriers, and 10 bits (type A) or 7 bits (type B) for MIMO carriers.  When combined for multiple carrier operation, the composite CQI/PCI table size is simply the sum of each carrier, as shown in 6th column of Table 1, where type A CQI/PCI is used with MIMO carriers for maximum estimation.
Table 1, HARQ-ACK and CQI/PCI feedback to be supported  
	Configuration case #
	Number of transport blocks
	Number of HSDPA Carriers
	Number of carriers with MIMO
	 ACK/NACK codebook size
 (number of codes)
	Max CQI/PCI size (bits)

	1
	3
	3
	0
	3×3×3-1=26
	5+5+5=15

	2
	4
	3
	1
	3×3×7-1=62
	5+5+10=20

	3
	4
	4
	0
	3×3×3×3-1=80
	5+5+5+5=20

	4
	5
	3
	2
	3×7×7-1=146
	5+10+10=25

	5
	5
	4
	1
	3×3×3×7-1=188
	5+5+5+10=25

	6
	6
	3
	3
	7×7×7-1=342
	10+10+10=30

	7
	6
	4
	2
	3×3×7×7-1=440
	5+5+10+10=30

	8
	7
	4
	3
	3×7×7×7-1=1028
	5+10+10+10=35

	9
	8
	4
	4
	7×7×7×7-1=2400
	10+10+10+10=40


From Table 1, it is observed that the feedback information increases almost linearly as a function of the total number of transport blocks, which is directly related to the downlink peak rate. 

To accommodate the needs of supporting the composite feedback by using a single uplink, a number of solutions have been discussed in [2] [3] [4].  These solutions are highlighted below in three categories:
Solution 1: Single channelization code with SF unchanged

· CQI/PCI: Time Division Multiplexing different carriers at different TTI s.  The range of the feedback cycles can be made between greater than 1 and 4. The existing (20, 5), (20, 7), and (20, 10) Reed Muller channel codes can be reused.
· ACK/NACK:  design new channel coding schemes for all scenarios to fit the 10 bit field in the single HS-DPCCH.  Note the this solution is not feasible for last two configuration cases in Table 1 since the number of codewords required exceeds what can be represented by the 10 digit binary number.

Solution 2: Single channelization code with spreading factor reduction (SF=128)
· CQI:  design new channel coding schemes with (40, 20) or (40, 15) code rate.  For configuration cases 1 to 3 in Table 1, use one of the new coding schemes and the feedback cycle can be made equal to one.  For configuration cases 4 to 9, group the carriers into two sets and time division multiplexing each of the sets into different TTIs, resulting in a CQI feedback cycle of 2. 

· ACK/NACK:  For configuration cases 1 to 8, reuse (20, 5), (20, 7) and (20, 10) Reed Muller code.  Configuration cases 8 and 9 need new coding designs with (20, 11) and (20, 12) code rate, respectively. 
Solution 3: Dual channelization codes

· CQI:  group the carriers into two sets and send the feedbacks for each set across two channelization codes by reusing the existing (20, 5), (20, 7), and (20, 10) Reed Muller channel codes.  The feedback cycle can be made less than or equal to 2.
· ACK/NACK: group the carriers into two sets and reuse of codebooks from SC, SC+MIMO, DC, DC+MIMO across the two channelization codes.
The clear advantage of solution 3 is that it is able to make use of all the existing coding schemes without requiring any new design.   In fact, an alternative solution of achieving the similar reusability can be made if the SF=128 approach is modified by simply splitting the fields in a TDM fashion into two channels, as shown in Figure 1. In this way the same arrangement for both CQI/PCI and ACK/NACK as used in the dual channelization code approach can be applied. This modified approach is referred to as Solution 4 for later comparison.

[image: image1.emf]HS-DPCCH1

(10bits for A/N)

2ms

time slot

HS-DPCCH2

(10 bits for A/N)

HS-DPCCH1

(20 bits for CQI/PCI)

HS-DPCCH2

(20 bits for CQI/PCI)

time slot time slot


Figure 1, Illustration of the modified SF reduction approach
Note that the HS-DPCCH power of the reduced SF approach (Solutions #2, #4) may be boosted by 3dB to compensate the spreading gain loss, which will yield a similar power level to that required by the dual channelization code solution (Solution #3).   As result, potential increase of cubic metric and therefore loss of cell coverage would be expected, which is currently under study. 

2.2 Analysis of the HS-DPCCH feedback solutions
Due to transmitting more information on a single uplink to support the multiple carrier operation, the performance impact of any of the above solutions would be ultimately reduction of the uplink cell coverage from a reduction in ACK/NACK coding gain and potential increase of cubic metric. Further, degradation of downlink transmission quality from slower CQI/PCI feedback cycle might be expected. At the same time, considerations for the required design and standardization efforts should also be taken into account.
The various solutions described in section 2.1 for the HS-DPCCH feedback are analyzed and compared in Table 2 for simplicity of presentation. Note that the reference for the comparison in the table is generally set to what has been implemented in Release 9.
Table 2, Comparison of the HS-DPCCH feedback Solutions
	HS-DPCCH feedback Solutions
	Pros
	Cons 

	Solution1:

Single channelization code with SF unchanged
	· Minimum or no impact on cubic metric
· No additional impact on UL cell coverage 

	· Further downlink rate loss due to CQI feedback cycle >2 for carrier  configurations with  more than 4 transport blocks
· Potentially large design and standard efforts due to new ACK/NACK codebook design for all configuration cases 
· Coding gain diminishes as number of transport block increases
· The 10 bit field assigned to ACK/NACK is short for  supporting  the configuration cases  8 and 9

	Solution 2:

Single channelization code with SF=128
	· CQI feedback cycle <= 2

· reuse of some of existing  coding schemes     
	· 3 db spreading gain loss on the HS-DPCCH transmission quality
· New ACK/NACK coding design required for configuration cases 8 and 9.  


	Solution 3:

Dual channelization codes
	· CQI feedback cycle <= 2

· reuse of existing  coding schemes  

· less design efforts and impact on standard

	· 0.7~0.97 dB cubic metric increase[6]
· Increase of the total HS-DPCCH power
· Up to 5-12% loss of uplink coverage [6] due to increase of cubit metric and uplink overhead

	Solution 4:

Single channelization code with SF=128 (modified solution 2 for code reusability)
	· CQI feedback cycle <= 2

· reuse of existing coding schemes  

· less design efforts and impact on standard 


	· 3 db spreading gain loss on the HS-DPCCH transmission quality
· Or cubic metric increase and UL cell coverage loss if boost HS-DPCCH power   



2.3 Proposed way forward on the HS-DPCCH design
In view of the analysis provided above, differences exist between the discussed design solutions at different carrier configurations, in terms f the tradeoff among the cell coverage, UE rate, and the required design efforts in the standard.  It would make sense to take the strategy of addressing different aspect of interest for a particular subset of UL configurations via using various feedback design solutions. Therefore we first propose, 
Proposal 1: The HS-DPCCH feedback design should allow for flexible design strategies optimized with different aspect of interest for a certain subset of the carrier configurations.

For the subset of carrier configuration with transport blocks no larger than 4, it is possible to maintain the CQI/PCI feedback cycle within the same range of Release 9 when applying the single channelization code solution.  This is important to avoid further downlink degradation for 4C-HSDPA. Further, while redesign of new ACK/NACK codebooks in a single channelization is still manageable with possibly reasonable coding gain for those configuration cases (maximum codebook size=80), uplink coverage would be lest impacted owing to the potentially unaffected cubic metric.  Therefore, it would be advantageous if the HS-DPCCH structure of single channelization code is extended to support the multiple carrier operation of the subset:
Proposal 2: Discuss and agree to use HS-DPCCH structure of single channelization code for the subset of carrier configurations with up to 4 transport blocks, and optimally resign the required ACK/NACK codebooks to maximize the UE performance. 

For the remaining configurations with greater than 4 transport blocks, custom designing codebooks for each individual configuration is viewed as undesirable because of the large design effort required.  To minimize the effort, it is preferable to reuse the existing channel coding schemes for both ACK/NACK and CQI/PCI via the HS-DPCCH structure of dual channel format (either the dual channelization codes (solution 3) or reduced SF solution (solution 4) described in the previous section).  Also in this way the CQI/PCI feedback cycle can be maintained within 2 and thus no further UE throughput degradation would be introduced. The downside would be the expense of the cell coverage. The network can mitigate the loss of coverage by choosing   to deactivate some of carriers to a configuration where the HS-DPCCH is optimized (such as the configurations specified in the proposal 2).  As result the cell coverage could be maintained with a reasonable downlink rate. 

In view of the above tradeoffs, it is proposed:

Proposal 3: Discuss and agree to use HS-DPCCH structure of dual channel format for the subset of carrier configurations with more than 4 transport blocks, and reuse existing coding schemes for both ACK/NACK and CQI/PCI.
3 Conclusion

This paper has provided discussion and analysis on the tradeoffs between code reusability and UE performance related to HS-DPCCH design for 4C-HSDPA. We’d like the standard group to discuss and agree the following proposals:

Proposal 1: The HS-DPCCH feedback design should allow for flexible design strategies optimized with different aspect of interest for a certain subset of the carrier configurations.

If the above is agreed:

Proposal 2: Discuss and agree to use HS-DPCCH structure of single channelization code for the subset of carrier configurations with up to 4 transport blocks, and optimally resign the required ACK/NACK codebooks to maximize the UE performance. 

Proposal 3: Discuss and agree to use HS-DPCCH structure of dual channel format for the subset of carrier configurations with more than 4 transport blocks, and reuse existing coding schemes for both ACK/NACK and CQI/PCI.
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