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1 Introduction

8-carrier HSDPA was approved as a work item at the RAN#50 plenary [1]. During previous meetings, many companies discussed either 1xSF64 or 2xSF128 HS-DPCCH design options. 

Some agreements were made in RAN1 #64 meeting: 

· The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot.

· 8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated.

The following agreements were made in RAN1 #65 meeting: 

· Working assumption that 2xSF128 is used for all cases of 5-8 carriers with and without MIMO configured is confirmed.

· HS-DPCCH channelisation code:

· Cch,128,16 is used for HS-DPCCH if no DPDCH is configured.

· At least in the case of only the first 4 carriers being activated, the HS-DPCCH is transmitted on the Q-branch. 

· No change of channelisation code depending on number of activated carriers 

· Other cases of 4 activated carriers FFS.

· Working assumptions that the Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions is confirmed.

· The CQI/PCI encoding for the downlink carriers are self-contained 

· The minimum CQI/PCI feedback cycle is 4 ms 

· The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should not be remapped when carriers are activated / deactivated.

· The HARQ-ACK repetition factor (N_acknack_transmit) and CQI repetition factor (N_cqi_transmit) should be common for all configured downlink carriers.

· The CQI feedback cycle is common for all downlink carriers

· Numbers of activated carriers below 4 are handled exactly as for 4C-HSDPA.

From these agreements, we can see there is an open issue (highlighted in green above) on physical channel mapping upon activation/deactivation: Other cases of 4 activated carriers FFS. This contribution discusses three schemes to physical channel mapping upon carrier activation/deactivation in 8-carrier HSDPA and presents our view on a way-forward in 8-carrier HSDPA.

2 Discussion

In R10 4C-HSDPA, motivated by UE power saving and UL coverage upon activation/deactivation of secondary carriers, the HARQ-ACK and CQI/PCI information is remapped and repeated when only 1 or 2 carriers remain activated . When 2xSF128 HS-DPCCHs are configured in 8C-HSDPA, there is an open issue on how to do physical channel mapping since the 2nd HS-DPCCH is introduced. In order to address this issue, three physical channel mapping schemes are considered, several examples are studied including the special case of 4 activated carriers and their pros and cons are discussed below.

2.1 Physical channel mapping 

2.1.1 Fixed channel mapping

General Description and Pros/cons of fixed channel mapping:

For HS-DPCCH fixed channel mapping, the location of the A/N field is fixed for each carrier, and if the carrier is not activated, then the DTX codeword is sent in the corresponding A/N field.  The location of the PCI/CQI field is also fixed and is sent when the carrier is active and DTXed when the carrier is not active. 

Fixed channel mapping is simple, and also eliminates HS-DPCCH decoding errors due to the NodeB and UE being out of sync and not using the same HS-DPCCH channel mapping. However, the fixed channel mapping requires more power to maintain the same performance as Rel-10 4C-HSDPA since there is no repetition upon the deactivation of secondary carriers. Furthermore, as the two HS-DPCCH channels are always transmitted, except when the second channel may be DTXed (which is only possible if only the first 4 carriers are active).  Fixed channel mapping will require more UE power consumption, and result in higher CM and lower system performance than Rel-10 4C-HSDPA, which is contrary to  the RAN1 agreement that “8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated”.
Examples:

For the case where 8 carriers are enabled, several examples of fixed channel mapping are provided below:  

· In case of 8 active carriers
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Figure 1 Example of fixed channel mapping with 8 active carriers (4C+4C)

· In case of 6 active carriers

In case of 6 carriers activated, there are 3 combinations of active carriers mapping to HS-DPCCH1 and HS-DPCCH2 respectively: (3C+3C), (2C+4C) and (4C+2C). Without loss of generality, Figure 2 shows one example of fixed channel mapping.
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 Figure 2 Example of fixed channel mapping with 6 active carriers (2C+4C)

· In case of 4 active carriers 

In case of 4 active carriers, there are 4 combinations of active carriers mapping to HS-DPCCH1 and HS-DPCCH2 respectively: (2C+2C), (1C+3C), (3C+1C) and (4C+0C). Note that the first three combinations violate the agreement that “8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated.” 
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 Figure 3 One example of fixed channel mapping with 4 active carriers (2C+2C)
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 Figure 4 Another example of fixed channel mapping with 4 active carriers (3C+1C)

2.1.2 Per-channel mapping 

General Description and Pros/cons per-channel mapping:

For HS-DPCCH per-channel mapping, the Rel-10 4C-HSDPA remapping and power offset setting rules for each HS-DPCCH is independently applied based on which carriers are enabled and activated. 

Compared to the fixed channel mapping scheme, per-channel mapping scheme reduces the HS-DPCCH overhead power consumption upon the deactivation of secondary carrier in each HS-DPCCH since it reuses Rel-10 4C-HSDPA remapping/repeating and power offset setting rules. However, per-channel mapping scheme is more complex than the fixed scheme, and also increases the HS-DPCCH error rate due to the possibility of the NodeB and UE being out of sync and not using the same HS-DPCCH channel mapping upon carrier activation/deactivation. Furthermore, there is no serving HS-DSCH cell on the 2nd HS-DPCCH, and the existing of the 4th secondary serving HS-DSCH cell is not guaranteed to be always activated, hence the remapping rules of Rel-10 will need to be modified to allow for the case where the 4th secondary carrier is deactivated.  In addition, similar to fixed channel mapping, as two HS-DPCCH channels are always transmitted except when the second HS-DPCCH channel may be DTXed (which is only possible if only the first 4 carriers are active), per-channel mapping leads to higher CM and lower system performance than Rel-10 4C-HSDPA, which is contrary to the agreement that “8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated”. 

Examples:

 For the case where 8 carriers are enabled, several examples of per-channel mapping are provided below:

· In case of 6 active carriers 

In case of 6 active carriers, by per-channel mapping scheme, there are 3 possible combinations of active carriers mapping to HS-DPCCH1 and HS-DPCCH2 respectively: (3C+3C), (2C+4C) and (4C+2C). 
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 Figure 5 Example of per-channel mapping with 6 active carriers (2C+4C)
· In case of 4 active carriers 

In case of 4 active carriers, there are 4 combinations of active carriers mapping to HS-DPCCH1 and HS-DPCCH2 respectively: (2C+2C), (1C+3C), (3C+1C) and (4C+0C). Note again that the first three combinations violate the agreement that “8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated.” 
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Figure 6 One example of fixed channel mapping with 4 active carriers (2C+2C)
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Figure 7 Another example of fixed channel mapping with 4 active carriers (3C+1C)

2.1.3 Cross-channel mapping

General Description and Pros/cons of cross-channel mapping:

For HS-DPCCH cross-channel mapping, the mapping of the carriers to the HS-DPCCH is a function of the number of active carriers. 

· When the number of active carriers ≤4, carriers are mapped so that the 1st HS-DPCCH always is sent and the number of carriers mapped to the 1st HS-DPCCH is equal to the number of active carriers or 4 carriers if the number of active carriers is >4.  In case of ≤4 active carriers, the 2nd HS-DPCCH is DTXed. Rel-10 4C-HSDPA remapping/repeating and power offset setting rules are applied to the 1st HS-DPCCH in this case when the number of active carriers ≤4.  

· When the number of active carriers > 4, three options are discussed:
· Cross-channel mapping option 1:  carriers are mapped so that the 1st HS-DPCCH always is sent and the number of carriers mapped to the 1st HS-DPCCH is equal to the number of active carriers or 4 carriers if the number of active carriers is >4.  The carriers which are not mapped to the 1st HS-DPCCH are mapped to the 2nd HS-DPCCH. After remapping active carriers across 2 HS-DPCCHs, Rel-10 4C-HSDPA remapping/repeating and power offset setting rules are applied independently for each HS-DPCCH. Cross-channel mapping option 1 always allows remapping all active serving HS-DSCH cells across both HS-DPCCHs while minimizing number of carriers in 2nd HS-DPCCH. 

· Cross-channel mapping option 2:  use per-channel mapping scheme described in Section 2.1.2 when the number of active carriers > 4. 
· Cross-channel mapping option 3: use fixed channel mapping scheme described in Section 2.1.1 when the number of active carriers > 4.    

Compared to fixed channel mapping and per-channel mapping, the obvious advantage of cross-channel mapping is: when fewer than 4 secondary carriers are activated, the 2nd HS-DPCCH is DTXed, and thus the 2nd HS-DPCCH power consumption and usage is minimized, providing identical performance to that achieved with Rel-10 4C-HSDPA, as agreed. Besides this common advantage, three cross-channel mapping options have different pros/cons as follows:

· Cross-channel mapping option 1:  it minimizes the number of active carriers mapped on the 2nd HS-DPCCH and thus requires the least UE power consumption and CM at the cost of constantly remapping carriers across both HS-DPCCHs upon activation/deactivation of secondary carriers which increases the possibility of the NodeB and UE being out of sync and not using the same channel mapping. The mapping rules for this approach require new rules which add complexity.
· Cross-channel mapping option 2:  when the number of active carriers > 4, using per-channel mapping will result in many additional combinations of mappings depending on which carriers are activated. Also, it will require new rules which add complexity, though the rules are less complex than cross-channel mapping option 1.

· Cross-channel mapping option 3: when the number of active carriers > 4, using fixed channel mapping, hence it will require more power to maintain link performance as Rel-10 4C-HSDPA remapping/repeating and power offset setting rules are not used on the 2nd HS-DPCCH.  This option has the simplest mapping rules and results in less HS-DPCCH decoding errors due to the NodeB and UE being out of sync and not using the same channel mapping than cross-channel mapping option 1 and 2.

Examples:

For the case where 8 carriers are enabled, several examples of cross-channel mapping are provided below:

· In case of 6 active carriers

In case of 6 active carriers, by cross-channel mapping scheme, regardless which 2 secondary carriers are deactivated, there is only 1 possible combination of active carriers mapping to HS-DPCCH1 and HS-DPCCH2 respectively: (4C+2C). 
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 Figure 8 Example of per-channel mapping with 6 active carriers (4C+2C)
· In case of 4 active carriers 

In case of 4 active carriers, by cross-channel mapping scheme, regardless which 4 secondary carriers are deactivated, there is only 1 combination of active carriers mapping to HS-DPCCH1 and HS-DPCCH2 respectively: (4C+0C), which is in line with the agreement that “8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated.”  
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Figure 9 Example of per-channel mapping with 4 active carriers (4C+0C)
2.2 Summary

The pros/cons of the discussed schemes are summarized in Table 1. We conclude that the cross-channel mapping scheme is preferred because of its advantages in CM reduction, power consumption and backwards compatibility with Rel-10 4C-HSDPA by providing identical performance when the number of active carrier is ≤4. Of the three cross-channel mapping options we conclude that option 2 is the best choice in because it provides a compromise between specification complexity and performance.
Based on the RAN1 agreements that “Numbers of active carriers below 4 are handled exactly as for 4C-HSDPA”, we propose RAN1 to agree on the cross-channel mapping as the solution to the open issue that Other cases of 4 activated carriers FFS.  Furthermore, we propose that cross-channel mapping Option 2 for 5-8 active carrier physical channel mapping in 8-carrier HSDPA.

Table 1: Summary

	Channel mapping scheme
	Complexity
	Possibility of OOS between NB and UE
	Reuse R10 4C-HSDPA remapping and power offset setting rules?
	OH power consumption
	DTX 2nd HS-DPCCH when ≤4C and not all the first 4C
	CM
	Provide the same performance as 4C-HSDPA when ≤4C

	Fixed channel mapping
	Simple
	low
	No
	High
	No
	high
	No

	Pre-channel mapping
	Complex
	high
	Yes
	Low
	No
	high
	No

	Cross-channel mapping – Option 1
	Most complex
	high
	Yes
	Lower
	Yes
	Low
	Yes

	Cross-channel mapping – Option 2
	More complex
	high
	Yes
	Lower if ≤4C,

low otherwise
	Yes
	Low
	Yes

	Cross-channel mapping – Option 3
	complex
	high
	Yes if ≤4C, 
No otherwise.
	Lower if ≤4C,

High otherwise
	Yes
	Low
	Yes


3 Conclusion

We had discussed three solutions to physical channel mapping upon carrier activation/deactivation in 8-carrier HSDPA and observed cross-channel mapping outperform fixed channel mapping and per-channel mapping, therefore, we propose the following:

Proposal 1: Agree to use cross-channel mapping for 2xSF128 HS-DPCCH in 8-carrier HSDPA when ≤4 carriers are active, so that all channels are mapped to one HS-DPCCH and Rel-10 remapping and power offset setting rules can be applied. 

Proposal 2: Agree that when >4 active carriers, the HS-DPCCH with the serving HS-DSCH cell follows the current Rel-10 remapping and power offset setting rules, and the HS-DPCCH which does not have the serving HS-DSCH cell follows a new modified version of the current Rel-10 remapping and power offset setting rules (cross-channel mapping option 2).
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