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1
Introduction

In 4C-HSDPA, it was agreed in the previous RAN WG1 #60bis that spreading factor SF128 would be used for the HS-DPCCH channel when 3 or 4 carriers are activated with MIMO on at least one of the carriers. It was also agreed that the minimum feedback cycle in this case would be 4ms. However, the actual mapping of the carriers to the HS-DPCCH channel has not yet been determined. There have been a few different proposals that have been put forth [1, 2] and we attempt to find a way forward in this document.
2
CQI Configuration in 4C-HSDPA
The agreements made in RAN1 can be summarized as follows:

· When 3/4 carriers are active with MIMO configured on 1 or more activated carriers
· HS-DPCCH channel: 1xSF128
· Minimum CQI feedback cycle = 4ms 
· 1st, 2nd and 3rd secondary serving HS-DSCH cells will be indicated to the physical layer by higher layers. 
Therefore, the logical association of carriers to frequencies will be signalled by the RNC. An example of such an association is given in Table 1.

Table 1: Association of carriers and frequencies

	Primary Carrier 
	1st Secondary Carrier
(*paired with secondary uplink) 
	2nd Secondary Carrier
	3nd Secondary Carrier

	F2 
	F3 
	F1 
	F4 

	C1 
	C2 
	C3 
	C4 


The association shown in Table 1 occurs at the time the RNC configures the UE with multiple carriers. However, the mapping of the carriers C1, C2, C3 and C4 to the HS-DPCCH channel with SF128 needs to be addressed.

In this document, we address this mapping for the case when the UE is configured with 3 or 4 carriers (all of them active) with MIMO on at least one of the activated carriers. The scenario when the UE has only two activated carriers is addressed in an accompanying document [3]. There are a total of 7 scenarios which are addressed in this document as shown in Table 2.

Table 2: Scenarios when the UE is has 3/4 active carriers with MIMO on at least one active carrier
	Scenario
	Number of Activated Carriers
	Number of carriers where MIMO is configured

	A
	3
	1

	B
	3
	2

	C
	3
	3

	D
	4
	1

	E
	4
	2

	F
	4
	3

	G
	4
	4


In the following, we investigate schemes that address CQI transmission for each of the above scenarios.
Scenario A
Under this scenario (see Table 2);
· 3 carriers activated (or configured) 

· MIMO on 1 carrier (say C1 without loss of generality)

The following options exist for CQI transmissions under this scenario. The pros and cons of each option are also explained.
Option 1

The CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled. This option is illustrated in Figure 1.
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Figure 1: Block Diagram representation of Option 1; Scenario A
As seen in Figure 1, the order of the carriers is maintained making this option perhaps the simplest of the options considered. There is no rearrangement or regrouping of carriers in this case. However, there is also no change to the transmit power levels or the feedback cycle which is maintained at 4ms. 
Option 2
The CQI information for carrier 3 is repeated under this design option. This option is illustrated in Figure 2.
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Figure 2: Block Diagram representation of Option 2; Scenario A
As seen in Figure 2, the empty slot that is vacated by carrier 4 due to deactivation, is filled up retransmission of the 3rd carrier. Note that a variation of this option would be to repeat the carrier in which MIMO is configured. This alternative is illustrated in Figure 3.
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Figure 3: Block Diagram representation of Option 2 where the MIMO CQI is repeated. ; Scenario A
Both alternatives shown involve repetition of the CQI information for one of the carriers. The feedback cycle is maintained in both alternatives to be 4ms. Repeating the CQI for a particular carrier would potentially reduce the CQI C/P value or power level for that carrier. However, it is unclear whether this would be strictly beneficial since transmission of information in a slot which would otherwise have been empty implies additional interference on the uplink. 
In order to take advantage of the additional processing gain, the CQI would have to be specified on a per carrier basis leading to additional complexity. Reduction of the CQI power for a single carrier would not have any effect on the UE throughput since the E-TFCI selection procedure allocates power based on the power allocated to both the ACK/NACK and the CQI portions of the HS-DPCCH channel. Since the ACK/NACK portion typically requires higher power levels, there would be no increases in the packet sizes that are selected due to higher headroom. This reduction would also not result in any benefits in coverage since the ACK/NACK portion would dominate power transmission in a TTI. Based on these considerations, we propose the following.
Proposal 1: A single CQI value is set for all carriers in a particular configuration. However, the CQI value could be different for different configurations.
Option 3
The CQI information for carriers C1 and C2 which are non-MIMO carriers are combined and transmitted using the Rel-8 DC-HSDPA codebook. As a result, the CQI information for all the three carriers can be repeated. This option is illustrated in Figure 4.
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Figure 4: Block Diagram representation of Option 3; Scenario A
Since the CQI for all the carriers are repeated, the power level for all the CQI transmissions can be reduced by 1-3dB. The feedback cycle is maintained at 4ms. However, this scheme loses the simplicity of Option1 due to the flexible mapping of the CQI information of the carriers onto different slots. While this option does offer gains in the power levels, it is important to consider the CQI design in its entirety considering all the cases noted in Table 2. 
Based on the various options considered, since Option 2 does not offer any specific advantages, it is not considered to be a serious candidate.

Scenario B
Under this scenario (see Table 2);
· 3 carriers activated (or configured) 

· MIMO on 2 carriers (say C1 without loss of generality)

The following options exist for CQI transmissions under this scenario. The pros and cons of each option are also explained.

Option 1

As in the Scenario A, this option offers the simplest solution in that, the CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled. This option is illustrated in Figure 5.
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Figure 5: Block Diagram representation of Option 1; Scenario B

This option is similar to the one shown in Figure 1. There are no reductions in power levels and the feedback cycle = 4ms. However, this option is attractive in its simplicity.
Option 2
The alternative to the simplistic mapping in Figure 5 is to repeat the CQI information for one of the carriers in the empty slot. The carrier that is repeated could be C3 which is a non-MIMO carrier or one of carriers C1 and C2 which are MIMO carriers. This option is similar to the illustration in Figures 3 and 4 and is shown in Figure 6.
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Figure 6: Block Diagram representation of Option 2; Scenario B

Based on the arguments made under Option 2 in the previous scenario and since there are no gains in the power levels, feedback cycle and only serve to increase complexity, this option is not considered to be a good design option as in the previous scenario. 

Note that under this scenario, we cannot combine the CQI information for two of the carriers as in the previous case. Therefore, no other options exist. 
Scenario C

Under this scenario (see Table 2);
· 3 carriers activated (or configured) 

· MIMO on all 3 carriers
Similar to Scenario B, two options exist and are described briefly below. 

Option 1
As in the previous scenarios, the CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled. This option is illustrated in Figure 7.
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Figure 7: Block Diagram representation of Option 1; Scenario C

Option 2

The alternative to the simplistic mapping in Figure 6 is to repeat the CQI information for one of the carriers in the empty slot. Based on the arguments made above, this option is not favoured as well. Since all the carriers have MIMO configured in them, combinations of the CQI information into the same slot is infeasible. 

Scenario D

Under this scenario (see Table 2);
· 4 carriers activated (or configured) 

· MIMO on 1 carrier (say C1 without loss of generality)

This scenario is similar to Scenario A. Two options exist and are described briefly below. 

Option 1

Once again, we mention the simplest design option, i.e., the CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled. This option is illustrated in Figure 8.
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Figure 8: Block Diagram representation of Option 1; Scenario D
Option 2

The alternative to the simplistic mapping in Figure 7 is to combine the CQI information for two of the non-MIMO carriers and repeat the CQI information (see Figure 9). In this case, there would be power savings of around 1dB for the repeated CQI, but in keeping with the principle that all the CQI are the same for a particular configuration, there would not be any effective power saving again. This option offers a more complicated approach while not yielding any gains and so, it is not favoured.

[image: image9.emf]ACK/

NACK

ACK/

NACK

10 Code 

Symbols

10 Code 

Symbols

1 slot

SC-MIMO CQI 

C1

SC-HSDPA CQI 

C2

2 slot

20 Code 

Symbols

20 Code 

Symbols

ACK/

NACK

ACK/

NACK

10 Code 

Symbols

10 Code 

Symbols

1 slot

DC-

HSDPA 

CQI 

C3, C4

DC-

HSDPA 

CQI 

C3, C4

2 slot

20 Code 

Symbols

20 Code 

Symbols


Figure 9: Block Diagram representation of Option 2; Scenario D
Scenario E

Under this scenario (see Table 2);
· 4 carriers activated (or configured) 

· MIMO on 2 carriers (say carriers C1 and C2 without loss of generality)

This scenario is similar to Scenario D. Two options exist and are described briefly below. 

Option 1

The simplest solution is the case when the CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled. This option is illustrated in Figure 10.
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Figure 10: Block Diagram representation of Option 1; Scenario E

Option 2
The alternative to the simplistic mapping in Figure 9 is to combine the CQI information for two non-MIMO carriers and repeat the CQI information (see Figure 11). In this case, there would be power savings of around 1dB for the repeated CQI, but in keeping with the principle that all the CQI are the same for a particular configuration, there would not be any effective power saving again. This option offers a more complicated approach while not yielding any gains and so, it is not favoured.
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Figure 11: Block Diagram representation of Option 2; Scenario E

Scenario F

Under this scenario (see Table 2);
· 4 carriers activated (or configured) 

· MIMO on 3 carriers (say carriers C1, C2 and C3 without loss of generality)

Under this scenario, the CQI for any of the carriers cannot be combined with that of any other carrier. The CQI information also cannot be repeated for any of the carriers for feedback cycle = 4ms. Therefore, the only option is to transmit the CQI information in the corresponding slot while maintaining the logical mapping that was originally signalled. This is illustrated in Figure 12.
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Figure 12: Block Diagram representation of Option 1; Scenario F

This is the only mapping of the CQI information regardless of which of the 4 carriers is the non-MIMO carrier. Therefore, in this case, the CQI design is necessarily the simple case.
Scenario G
Under this scenario (see Table 2);
· 4 carriers activated (or configured) 

· MIMO on all 4 carriers
Similar to scenario F, the CQI for any of the carriers cannot be combined with that of any other carrier. The CQI information also cannot be repeated for any of the carriers for feedback cycle = 4ms. Therefore, the only option is to transmit the CQI information in the corresponding slot while maintaining the logical mapping that was originally signalled. This is illustrated in Figure 13.
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Figure 13: Block Diagram representation of Option 1; Scenario G
In summary, for all the Scenarios considered, the simplest option does seem to be the solution with the most advantages. For the other options discussed, while they do provide some benefits for certain CQI transmissions, the benefits are not compelling enough to merit serious consideration. Therefore, we propose the following.
Proposal 2: A simple CQI mapping is adopted when the UE has 3/4 active carriers with MIMO on at least one of the active carriers, where the CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled.
3
Other Aspects

It was proposed [4] in the previous RAN WG1 meeting that the CQI feedback cycle should be configured on a per carrier basis. It was argued that in scenarios where MIMO was configured on a single carrier, it may be beneficial to configure the feedback cycle per carrier. Additionally, it was also mentioned that in cases where the carriers were configures across two bands, then it would be reasonable to configure different feedback cycles for the different carriers. This would enable the NodeB to manage the uplink feedback load by deactivating carriers based on the feedback cycle. Based on these arguments, we consider that the configuration of CQI feedback cycles on a per carrier basis has merit. However, we also believe that similar arguments do exist in the case of Rel-9 DB-DC-HSDPA. If independent CQI feedback cycles were specified only in Rel-10, this would lead to different UE behaviours in Rel-9 and Rel-10 networks which is undesirable. Therefore, we propose the following:

Proposal 3: The CQI feedback cycle is configured on a per carrier basis for both Rel-9 DB-DC-HSDPA and Rel-10 4C-HSDPA.
In Rel-9 DC-MIMO, the CQI information for the two MIMO carriers was transmitted in a TDM fashion with a minimum feedback cycle of 4ms. Upon the expiry of the CQI nominal reporting timer, the CQI_DTX_Priority was set to 0 for both carriers. If the UE received data on any of the carriers, then the CQI_DTX_Priority was set to 1 for both carriers. Moreover, the CQI transmission pattern was defined such that the CQI information for both carriers was reported if the start of the CQI transmission pattern overlaps with a DPCCH transmission burst. Since the minimum feedback cycle for 4C-HSDPA is also 4ms and the CQI feedback information for all carriers is transmitted on a single uplink, we consider that similar CQI transmission procedures be adopted in the case of 4C-HSPDA as well. 

Proposal 4: The CQI nominal reporting timer, CQI DTX priority and the CQI transmission pattern for 4C-HSDPA are defined in the same way as in the case of Rel-9 DC-MIMO.
4
Conclusions

In this contribution, several scenarios were considered when the UE has 3/4 active carriers and MIMO is configured on at least one of the active carriers. Options for CQI transmissions were discussed in each of the scenarios considered and pros and cons for each design were presented. In summary, the following proposals are made:
Proposal 1: A single CQI value is set for all carriers in a particular configuration. However, the CQI value could be different for different configurations.
Proposal 2: A simple CQI mapping is adopted when the UE has 3/4 active carriers with MIMO on at least one of the active carriers, where the CQI information for each carrier is transmitted in the corresponding slot while maintaining the logical mapping that was originally signalled.
Proposal 3: The CQI feedback cycle is configured on a per carrier basis for both Rel-9 DB-DC-HSDPA and Rel-10 4C-HSDPA.
Proposal 4: The CQI nominal reporting timer, CQI DTX priority and the CQI transmission pattern for 4C-HSDPA is defined in the same way as in the case of Rel-9 DC-MIMO.
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