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1. Introduction

A new work item on 8C-HSDPA was introduced in RAN#50, and some initial considerations on this work item have been presented and discussed in RAN1#63bis. The HS-DPCCH design for 8C-HSDPA was one of the main issues and is discussed in [1]-[8]. While the main agreement of RAN1#63bis was that “8C-HSDPA shall be designed so that it can operate with a single uplink carrier”, most companies had common views also on the HS-DPCCH design itself. In particular it seems clear that either a 1xSF64 or a 2xSF128 design should be applied for 8C-HSDPA 
According to the discussion of HS-DPCCH design for DC-HSDPA and 4C-HSDPA, a single-code HS-DPCCH design was proven to outperform the dual-code designs from a CM perspective, which is relevant to the uplink coverage. Meanwhile the decoding performance of the single-code design is similar to the dual-code design. Hence, a single-code HS-DPCCH design was chosen for 4C-HSDPA in Rel-10. If we want to apply a similar principle, it seems reasonable to keep using a single-code HS-DPCCH design also for 8C-HSDPA, and then the remapping of carriers after carrier activation/deactivation and the power consumption should be considered. However, as discussed in [9], the TCP feedback information in the UL is too large to use 1xSF4 for E-DPDCH, and the CM between single and dual code design is quite close to each other when 2 or 4 channelisation codes are used for E-DPDCH [8]. Another advantage of the dual-code design is the backward compatibility and easy evolution of the protocol. 

Therefore, it is still necessary to discuss both single and dual-code designs and this contribution provides a comparison of these HS-DPCCH designs in order to help RAN1 to make a choice among them.
2. Discussion
2.1 HS-DPCCH design options
The following alternative design options are discussed in this contribution: 
· Option 1a: 1xSF64 for all cases of 5-8 carriers with and without MIMO configured
· Reuse existing Rel-10 HS-DPCCH code design (HS-DPCCH design for 4C-HSDPA); the DL carriers are divided into 2 groups, each of which corresponding to one Rel-10 HS-DPCCH; the ACK and CQI fields are concatenated in the 1st slot and the other 2 slots respectively. An example of 1xSF64 is shown in Figure 1.
· The spreading factor of HS-DPCCH is not changed after the activation/deactivation of DL carriers, and similar UL coverage should be obtained when the same number of carriers is configured.
· ACK and CQI coding for each group of carriers can be processed as for the Rel-10 HS-DPCCH; or the activated carriers should be regrouped in the same group and Rel-10 HS-DPCCH coding applied, if the number of activated carriers is not larger than 4. 
· Do not change transmission power in one UL slot
· A DTX codeword may be required to indicate the DTX message when not all the HARQ-ACK messages for DL carriers are DTX message
· DTX or a DTX codeword may be used to replace CQIs when some carriers are deactivated; the DTX codeword for CQI reporting can be CQI value = 0
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Figure 1: 1xSF64 HS-DPCCH design for 8C-HSDPA
· Option 1b: 1xSF64 or 1xSF128 for 5-8 carriers with and without MIMO configured
· For the special case of 5/6C-HSDPA without MIMO configured in any carrier, 1xSF128 is applied; an example is shown in Figure 2 
· The 6 carriers are divided into 2 groups, each of which includes 3 carriers. The coding of HS-DPCCH from Rel-10 3C-HSDPA without MIMO is applied for each group. Then the ACK symbols for the two groups are concatenated in the 1st slot; the CQI symbols are concatenated in the subsequent 2 slots
· 1xSF64 can also be applied, if the ACK symbols for the two groups are repeated and concatenated in the 1st slot; the CQI symbols are then repeated and concatenated in the subsequent 2 slots
· For all other cases, 1xSF64 is applied, and the coding for HS-DPCCH is the same as Option 1a
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Figure 2: 1xSF128 HS-DPCCH design for 6C-HSDPA without MIMO
· Option 2a: 2xSF128 for all cases of 5-8 carriers with and without MIMO configured
· Reuse existing Rel-10 HS-DPCCH code design (HS-DPCCH design for 4C-HSDPA); the DL carriers are divided into 2 groups, each of which corresponding to one Rel-10 HS-DPCCH. An example of 2xF128 is shown in Figure 3

[image: image3.emf]2ms

time slot

ACK

C

2

,C

3

CQI

0

/PCI

0

CQI

2

/PCI

2

time slot time slot

ACK

C

0

,C

1

2ms

time slot

ACK

C

2

,C

3

CQI

1

/PCI

1

CQI

3

/PCI

3

time slot time slot

ACK

C

0

,C

1

ACK

C

6

,C

7

CQI

4

/PCI

4

CQI

6

/PCI

6

ACK

C

4

,C

5

ACK

C

6

,C

7

CQI

5

/PCI

5

CQI

7

/PCI

7

ACK

C

4

,C

5


Figure 3: 2xSF128 HS-DPCCH design for 8C-HSDPA
· Option 2b: 1xSF128 or 2xSF128 for 5-8 carriers with/without MIMO configured

· For the special case of 5/6C-HSDPA without MIMO configured in any carrier and 5C-HSDPA with at most 2 carriers configured with MIMO, 1xSF128 is applied, which is the same as Option1b and shown in Figure 2;
· For all other cases, 2xSF128 is applied as in Option 2a
2.2 Comparison of HS-DPCCH design options

2.2.1 Operation after activation/deactivation of carriers
It is easier to process the ACK and CQI decoding per carrier group, however, for Option 1a, it would be difficult to obtain the same UL coverage as in Rel-10 with the same number of carriers configured and activated. 
An examples is shown in Figure 4, where the secondary carriers C4~C7 are deactivated, here the power offset setting would be the same as if 8 carriers were all activated, which is a waste of power compared to Rel-10 1xSF128 HS-DPCCH coding.
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Figure 4: example of processing ACK and CQI coding per group for 1xSF64 HS-DPCCH: the secondary carriers C4~C7 are deactivated 
It has been accepted in Rel-10 HS-DPCCH for 4C-HSDPA to regroup no more than 2 activated carriers and apply repetition to obtain similar UL coverage with same number of carriers configured. If we apply a similar principle, it seems reasonable to apply regrouping and repetition for 8C-HSDPA when the number of activated carriers is not more than 4. For this case, the HS-DPCCH is shown in Figure 5.
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Figure 5: example of processing ACK and CQI coding per group for 1xSF64 HS-DPCCH: the secondary carriers C4~C7 are deactivated 
· The regrouping/remapping after activation/deactivation of carriers for Option 1a can be summarized as follows,
· If the activated carrier number is larger than 4: the ACK coding and CQI coding for each group are the same as in Rel-10;
· If the activated carrier number is larger than 2: the activated carriers are regrouped and Rel-10 coding is applied; repetition is applied to save power (the aim is to obtain a similar UL coverage with the same number of carriers being configured and activated)
· Otherwise, the activated carriers are regrouped and use Rel-9 coding; again repetition is applied to save power. 
· A similar operation can be applied for Option 1b, 

· For the case of 5/6C-HSDPA without MIMO configured in any carrier

· If the number of activated carriers is larger than 3, the ACK coding and CQI coding for each group are the same as Rel-10; otherwise the activated carriers are regrouped and repetition is applied.
· For the other cases, exactly the same operation as for Option 1a is applied.
For Option 2a, ACK and CQI coding per group is quite a reasonable way to make the most out of the current Rel-10 HS-DPCCH coding. If carriers C4~C7 are deactivated, the second HS-DPCCH would be DTXed, and the power offset setting would be exactly the same as in Rel-10. If the no-more-than-4 activated carriers are not in one group, the 2nd HS-DPCCH would still be activated, which may degrade the UL coverage because of higher CM than single HS-DPCCH for 4C-HSDPA.

As mentioned above, it is reasonable to apply regrouping if the no-more-than-4 activated carriers are not in one group so that the 2nd HS-DPCCH is DTXed to save power and reduce the cubic metric value. 
2.2.2 Power consumption
The power consumption for the different options was compared in [7], and it was shown that Option 2a outperformed Option 1a in the following scenarios [7]:
· 7/8 carriers with MIMO configured, 7 carriers activated
· 6/7/8 carriers with MIMO configured, 6 carriers activated

· 6/7/8 carriers with MIMO configured, 5 carriers activated
As for Option 1a, repetition or a DTX codeword should be used to fill the ACK and CQI fields according to the rule that the transmission power should not change in one UL slot, examples are shown in Figure 6 and Figure 7; meanwhile, for Option 2a, less power is required as DTX or repetition can be applied, as shown in Figure 8 and Figure 9. 
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Figure 6: 1xSF64 HS-DPCCH, C7 is deactivated 
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Figure 7: 1xSF64 HS-DPCCH, C6 and C7 are deactivated
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Figure 8: 2xSF128 HS-DPCCH, C7 is deactivated
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Figure 9: 2xSF128 HS-DPCCH, C6 and C7 are deactivated
2.2.3 Cubic Metric

As discussed in [9], the TCP feedback information in the UL is too large to use 1xSF4 for E-DPDCH, and the CM between single and dual code design is quite close when 2 or 4 channelisation codes are used for E-DPDCH [8]. Hence, the cubic metric would not be sufficient to make a choice between 1xSF64 and 2xSF128 design options.
2.2.4 Robustness

As discussed during the HS-DPCCH design for 4C-HSDPA, flexible regrouping/remapping of carriers is not accepted because of lacking robustness, when the carrier activation status of UE and NodeB are inconsistent with each other, e.g. UE transmits a HS-DPCCH format with 4 carriers activated, but the NodeB decodes the HS-DPCCH format with 2 carriers activated. A similar situation may happen in 8C-HSDPA, as shown below:
· Situation 1: 8C-HSDPA configured, UE 8 carrier activated, and NodeB 4 carriers activated

· Situation 2: 8C-HSDPA configured, UE 4 carrier activated, and NodeB 8 carriers activated
For Option 1a and in situation 1, the UE transmits the HS-DPCCH format as in Figure 1, but the NodeB decodes the HS-DPCCH as in Figure 5. Then the ACK symbols of C4 and C5 would be added with those of C0 and C1 and decoded as ACK symbols of C0 and C1. It is obvious that the result would not be reliable, and neither would be the ACK for C2 and C3. In Situation 2, UE transmits the HS-DPCCH format as in Figure 5, but the NodeB decodes the HS-DPCCH as in Figure 1, ACK for C0~C3 can be correctly decoded but the performance would be degraded as a lower power offset would be used by the UE when repetition is applied.
Note that, if the HS-DPCCH format of Figure 4 is selected for 4 carriers activated in 8C-HSDPA, it would be robust for ACK and CQI at the cost of a waste of transmit power.
For Option 2a and in situation 1, the UE transmits the HS-DPCCH format as Figure 3, but the NodeB decodes the HS-DPCCH as the Rel-10 format, then the ACK of C0~C3 would be correctly decoded without performance degradation. In Situation 2, UE transmits the HS-DPCCH format as the Rel-10 format, but the NodeB decodes the HS-DPCCH as in Figure 3, ACK for C0~C3 can also be correctly decoded without performance degradation.
It can be concluded that Option 2a is more attractive then Option 1a from a robustness perspective.
2.2.5 Other aspects
If Option 1a is selected for 8C-HSDPA, then new OVSF codes should be defined for the new HS-DPCCH, and of course a new slot format for HS-DPCCH would be defined. As regrouping and repetition are required when no more than 4 carriers are activated and a new DTX codeword for CQI is introduced when no more than 8 but more than 4 carriers are activated, new coding/decoding is required and the legacy Rel-10 HS-DPCCH can not be directly reused. 
On the contrary, the Option 2a can use I/Q multiplex of Rel-10 SF128 channelisation code, which neither needs new code, nor a new slot format. In fact, almost all functions of legacy Rel-10 HS-DPCCH can be directly reused, which would be much easier for the protocol evolution.
2.2.6 Summary of the comparisons 

Based on the analysis above, we prefer Option 2a to Option 1a because, 
· The CM of Option 2a is quite close to Option 1a
· Less power is required in some scenarios for Option 2a.
· Option 2a is more robust
· Option 2a results in an easier evolution of the protocol
The difference between Option 2a and 2b is whether to optimize for the special cases of 5/6C-HSDPA without MIMO configured. Here, we would prefer Option 2b to Option 2a as power can be easily saved by optimization.

3. Conclusion
HS-DPCCH design options are presented and compared in this contribution. Based on the analysis in section 2.2, we proposed that,
Proposal 1: I/Q multiplex SF128 HS-DPCCH is preferred for 8C-HSDPA.
Proposal 2: Consider the optimization for 5/6C-HSDPA without MIMO configured.
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