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1 Introduction
At RAN#50, the new 8-carrier HSDPA WID was approved [1] with scope of carrier/MIMO configuration left open for next RAN meetings.  Below is excerpted from the agreed WID as the guideline particularly for uplink feedback channel design:
•
Specify 5-8 cell HSDPA operation in combination with MIMO for the following scenarios:

…

           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.
…
This contribution presents some initial considerations with respect to the uplink control channel design.
2 Discussion
The discussion in this contribution is based on the assumption that it should be possible to carry the feedback information on a single uplink carrier. In order to fully support the downlink operation for 8 carriers, the amount of feedback information to be carried by the single uplink control channel, including both HARQ-ACK and CQI/PCI, will be doubled as compared to 4C-HSDPA, imposing a challenge with respect to the UL control channel design. 
In the new WID, the scope of 8-carrier HSDPA related to carrier/MIMO combinations was not specified and left open for decision for next RAN meetings.  As for 4C-HSDPA it might be desirable also for 8-carrier HSDPA to be able to configure MIMO operation on each carrier independently.  To this end, it would be relevant to explore and evaluate a flexible HS-DPCCH feedback design for all possible downlink carrier/MIMO configurations, at least from the RAN1 perspective.  As shown in Table 1 in the appendix, we note that designing a single codebook supporting all permutations would be a very complex task.  The HS-DPCCH design complexity, however, can be greatly alleviated by taking a similar design strategy to that used to implement 4C-HSDPA., i.e.
· Increase the number of bits that can be carried on the HS-DPCCH;
· Split the information fields of increased size into multiple messages by concatenation, so that the existing encoding schemes can be readily reused.

Another alternative, which was briefly discussed also during the 4C-HSDPA WI, is to reduce the amount of feedback information so that the existing channel structure can be reused [6]
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[7].
The considerations for the control channel design are discussed respectively for general and special scenarios in the following sections.
2.1 HS-DPCCH consideration for general cases
The topic of the HS-DPCCH design has been extensively studied and standardized in Release 10 for 4C-HSDPA [2]-[5].  Benefited from that, we would envision several options for the HS-DPCCH design for 8-carrier HSDPA:
Single channelization code with SF=64

A new channel structure of reduced spreading factor is proposed and shown in Figure 1, as characterized by: 
· Single channelization code is used for the HS-PDCCH and spreading factor is further reduced to 64 in order to increase the number of bits to carry more feedback information;
· The frame structure of 1 slot for HARQ-ACK and 2 slots for CQI is retained

· There are 4 message fields respectively for HARQ-ACK and CQI in a sub-frame, which are all concatenated in time; 
· Since the field lengths remain the same as previous releases for both HARQ-ACK and CQI (10 bits for HARQ-ACK, 20 bits for CQI), the encoding schemes from Release 10 can be readily reused.  In supporting 8 carriers, the minimum CQI feedback cycle would be maintained at 4ms.
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Figure 1
Since the spreading factor is reduced by half as compared to 4C-HSDPA, a power boost would be needed to compensate the loss of the spreading gain, which may be achieved by defining higher power offset for HARQ-ACK and CQI/PCI fields respectively or finding other ways of improving the HS-DPCCH decoding performance.  In addition, analysis of the cubic metric property is necessary to ensure no significant impact on the power backoff is measured on the uplink signal. In fact, initial CM simulation provided in appendix shows that the channel structured using 1xSF64 may achieve similar CM property as compared to 4C-HSDPA that is based on1xSF128. 
It is seen that half-slot transmission may also occur for CQI fields now. This may be easily avoided by defining appropriated constraints when transmitting the CQI/PCIs.  
Dual channelization code with SF=128

The frame structure of using dual channelization codes is illustrated in Figure 2 as described by: 

[image: image2.emf]HARQ-ACK1

part 1 (10 bits)

2ms

time slot

HARQ-ACK2

part 1 (10 bits)

CQI 1

part 2 (20 bits)

CQI 2

part 2 (20 bits)

time slot time slot

HARQ-ACK3

part 1 (10 bits)

HARQ-ACK4

part 1 (10 bits)

CQI 3

part 2 (20 bits)

CQI 4

part 2 (20 bits)

HS-DPCCH 1

HS-DPCCH 2


Figure 2
· An addition channelization code of SF=128 is introduced to create second HS-DPCCH;
· Slot format  of SF=128 from Release 10 is reused;
· By allocating 4 carriers to each of the HS-DPCCHs, the feedback channel design from Release 10 may be largely reused.
The dual channelization structure was proposed and evaluated in Release 9&10 but was not adopted because of its poor CM property.  It is represented here for considerations as it may offer other benefits such as better reuse of the HS-DPCCH design from 4C-HSDPA. Besides, it may be of interest to re-evaluate the CM property of dual channelization code with SF=128, though it may be confirmed to be poor, as indicated by the preliminary CM analysis provided the appendix.

The signaling overhead of this option in terms of transmit power is expected to be at similar level as the 1xSF64 structure because of addition of a new channel; the main difference being the impact to the cubic metric.  

Single channelization code with SF=128
If ways can be found to reduce the amount of feedback information to be carried by the HS-DPCCH, it is possible to make full use of the HS-DPCCH design of Release 10 with minimal impact to the uplink coverage.  This can be achieved for example by consolidating the ACK/NACK states, a concept brought up when studying the uplink feedback for 4C-HSDPA in [6]
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[7].  Clearly, such implementation is expected to degrade the downlink performance.  Nevertheless, if decided as a candidate for consideration, its impact to downlink is to be fully studied and evaluated. 
Given above are our initial views of realizing the uplink feedback design. Going further, it is proposed:
Proposal: discuss and study the HS-DPCCH design options or other possible ones and decide an appropriate way forward.
2.2 HS-DPCCH consideration for special cases
During the 4C-HSDPA WI, the case of 3C without MIMO was treated and optimized separately as it was recognized as a case of interest in terms of deployment.  Similar to 3C without MIMO for 4C-HSDPA, 5C/6C without MIMO scenarios may also be deemed of particular interest to practical deployment.  If it is the case, then it may be desirable to consider these scenarios as special cases where HS-DPCCH design may be optimized separately.
The channel structure as illustrated in Figure 3 for the general case of 4C-HSDPA may be extended to the 5C/6C special case if applying following design configurations:
· Spread factor is set to 128;
· The ACK/NACK feedbacks of a group of 3 carriers are jointly encoded by the ACK/NACK codebook for the 3C special case in 4C-HSDPA [3], generating the codeword HARQ-ACK1 in Figure 3.  So does HARQ-ACK2 which is the codeword encoded for another group of 3 carriers;
· CQI/PCIs are sent in TDM fashion across multiple sub-frames. With use of the joint encoding scheme ((20,10) RM) for two carriers, a minimum feedback cycle of 4ms can be achieved;
· To avoid half slot transmission, a DTX codeword needs to be designed and included in the 3C special ACK/NACK codebook in 4C-HSDPA.
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 Figure 3
The CM property is expected to be similar to the general case of 4C-HSDPA as they are using the same channel structure. But the power offset setting for the ACK/NACK field should be re-evaluated for the 3C special codebook under SF=128.

From the HS-DPCCH design presented above, it is seen that special optimization for the 5C/6C special case is achievable by reusing the function elements already specified in 4C-HSDPA in release 10.  However, the need for this special case needs to be made, so this case can be viewed as a second priority for now.
3 Conclusion

We have provided initial considerations on the control channel design for 8C-HSDPA, while presenting several design options for realizing the HS-DPCCH design.  We’d like the RAN1 group to:
Proposal: discuss and study the HS-DPCCH design options or other possible ones and decide an appropriate way forward.
Some initial cubic metric analysis results are also provided in the appendix.
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5 Appendix

5.1 Feedback information required at various carrier/MIMO configurations
Table 1 lists all possible combinations with respect to the carrier and MIMO configurations for 8C-HSDPA, together with the estimated amount of feedback information required to support these configurations. 
The required ACK/NACK feedback  is expressed in terms of  the number of composite states in column 5 and  is calculated by considering three 3 states (A(ACK), N(NACK), and D(DTX)) for each of non-MIMO carriers and 7 states (D, A, N, AA, NA, AN, and NN) for each of MIMO carriers.  For CQI/PCI reporting, the required feedback information is listed in column 6 and is estimated by adding the bits of all supported carriers (5 bits for non-MIMO carriers, and 10 bits (type A) for MIMO carriers).
Table 1
	Configuration case #
	Number of 
transport blocks
	Number of 
active carriers
	Number of active carriers configured with MIMO
	Number of 
composite ACK/NACK states
	Required  CQI/PCI size (bits)

	1
	5
	5
	0
	3x3x3x3x3
	5+5+5+5+5

	2
	6
	5
	1
	3x3x3x3x3x7
	5+5+5+5+10

	3
	6
	6
	0
	3x3x3x3x3
	5+5+5+5+5+5

	4
	7
	5
	2
	3x3x3x7x7
	5+5+5+10+10

	5
	7
	6
	1
	3x3x3x3x3x7
	5+5+5+5+5+10

	6
	7
	7
	0
	3x3x3x3x3x3x3
	5+5+5+5+5+5+5

	7
	8
	5
	3
	3x3x7x7x7
	5+5+10+10+10

	8
	8
	6
	2
	3x3x3x3x7x7
	5+5+5+5+10+10

	9
	8
	7
	1
	3x3x3x3x3x3x7
	5+5+5+5+5+5+10

	10
	8
	8
	0
	3x3x3x3x3x3x3x3
	5+5+5+5+5+5+5+5

	11
	9
	5
	4
	3x7x7x7x7
	5+10+10+10+10

	12
	9
	6
	3
	3x3x3x7x7x7
	5+5+5+10+10+10

	13
	9
	7
	2
	3x3x3x3x3x7x7
	5+5+5+5+5+10+10

	14
	9
	8
	1
	3x3x3x3x3x3x3x7
	5+5+5+5+5+5+5+10

	15
	10
	5
	5
	7x7x7x7x7
	10+10+10+10+10

	16
	10
	6
	4
	3x3x7x7x7x7
	5+5+10+10+10+10

	17
	10
	7
	3
	3x3x3x3x7x7x7
	5+5+5+5+10+10+10

	18
	10
	8
	2
	3x3x3x3x3x3x7x7
	5+5+5+5+5+5+10+10

	19
	11
	6
	5
	3x7x7x7x7x7
	5+10+10+10+10+10

	20
	11
	7
	4
	3x3x3x7x7x7x7
	5+5+5+10+10+10+10

	21
	11
	8
	3
	3x3x3x3x3x7x7x7
	5+5+5+5+5+10+10+10

	22
	12
	6
	6
	7x7x7x7x7x7
	10+10+10+10+10+10

	23
	12
	7
	5
	3x3x7x7x7x7x7
	5+5+10+10+10+10+10

	24
	12
	8
	4
	3x3x3x3x7x7x7x7
	5+5+5+5+10+10+10+10

	25
	13
	7
	6
	3x7x7x7x7x7x7
	5+10+10+10+10+10+10

	26
	13
	8
	5
	3x3x3x7x7x7x7x7
	5+5+5+10+10+10+10+10

	27
	14
	7
	7
	7x7x7x7x7x7x7
	10+10+10+10+10+10+10

	28
	14
	8
	6
	3x3x7x7x7x7x7x7
	5+5+10+10+10+10+10+10

	29
	15
	8
	7
	3x7x7x7x7x7x7x7
	5+10+10+10+10+10+10+10

	30
	16
	8
	8
	7x7x7x7x7x7x7x7
	10+10+10+10+10+10+10+10


5.2 Cubic Metric analysis

The cubic metric property for the channel structures discussed in the previous sections is examined in this section under the reference configurations listed in Table 2. The parameters are largely taken from the early CM analysis work for the HS-DPCCH design of 4C-HSDPA, except more power boost is considered for 1xSF64 scenarios as seen in the increased values for βhs. 

Table 2: Channel configuration of reference channels for CM analysis
	
	Channel
	Channelization code
	Gain factor

	Nmax-dpdch=0
	DPCCH
	(Q,256,0)
	15

	
	E-DPCCH
	(I,256,1)
	24

	
	E-DPDCH
	SF4=(I,4,1)
	βed=

{17,27,47,67,84}

	
	HS-DPCCH
	1xSF128=(Q,128,16)

1xSF64=(Q,64,8)

2xSF128=(I,128,16) (Q,128,16)
	βhs=

{7(10*),17(24*),34(48*),54(76*)}

	Nmax-dpdch=1
	DPCCH
	(Q, 256,0)
	15

	
	E-DPCCH
	(I, 256,1)
	24

	
	DPDCH
	(I, 64, 16)
	21

	
	E-DPDCH
	SF4=(I,4,2)
	βed=

{17,27,47,67,84}

	
	HS-DPCCH
	1xSF128=(Q, 128,32)

1xSF64=(Q,64,16)

2xSF128=(Q,128,32) (Q,128,16)
	βhs=

{7(10*),17(24*),34(48*),54(76*)}


* parameter settings for HS-DPCCH with 1xSF64 format

When the DCH is not configured in the uplink (Nmax-dpdch=0), the CM results are given in Figure 4, where single enhanced data channel is used (E-DPDCH=SF4x1). The results of 1xSF128 are also included as reference.
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Figure 4: CM results without DCH configured

When the DCH is configured in the uplink (Nmax-dpdch=1),  the results are shown in Figure 5 with E-DPDCH=SF4x1.
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Figure 5: CM results with DCH configured

It is observed from both figures that 1xSF64 channel structure maintain similar CM property to 1xSF128 of 4C-HSDPA.  In fact, it is slightly better possibly owing to the higher power boost used for HS-DPCCH. For the channel structure utilizing dual channelization codes (2xSF128), it is seen that the poor CM property remains even if the spreading factor is reduced from 256 to 128.
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