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1
Introduction

The issue of HARQ-ACK and CQI repetition was discussed in [1] at the previous RAN1#69 meeting. More discussion was however needed to arrive at a consensus and an e-mail discussion followed. The following working assumption was made:

HARQ-ACK and CQI repetition without changes to the RRC signaling are allowed to be configured.

It was agreed that a final decision would be made at this RAN1 meeting whether further optimizations (potentially impacting L3 specifications), such as cell group specific repetition patterns should be supported 
2

Background
Repetition of HARQ-ACK and CQI reports was introduced in Rel-6 to improve the control channel performance and also to reduce the impact on the control channel on the UE’s headroom. Separate configurable repetition parameters were introduced for HARQ-ACK repetition (N_acknack_transmit) and CQI repetition (N_cqi_transmit). 
When multiple cells are configured in HSPA, the repetition parameters for both HARQ-ACK and CQ reporting were the same for all the configured carriers. Since all the cells were part of the same sector in the same NodeB, the link budget for all the cells is the same. Therefore, there wasn’t any advantage to the introduction of independent repetition factors for each cell.

In the case of Multiflow, the cells configured could reside in difference NodeBs in the case of Inter-NodeB Multiflow or different RRHs in the case of Intra-NodeB multiflow. Therefore, link imbalances may occur between the cells which suggest that independent repetition factors could be advantageous. However, repetition in some of the configurations in Multiflow may not be possible due to the HS-DPCCH format associated with that configuration. 
In the following, we consider each of the multiflow configurations and examine when repetition may be allowed.
3
HARQ-ACK and CQI repetition
In this section, we examine each of the multiflow configurations to determine whether HARQ-ACK and CQI repetition is possible and whether the repetition parameters should be independent across the participating cells.
One of the main reasons why repetition is configured is to allow the feedback to be received even when the UE is headroom limited. A multiflow cell group consists of the assisted serving and the assisted secondary serving cells (or the assisting serving and the assisting secondary serving cells). The link budget for all the cells belonging to a cell group in Multiflow operation is expected to be the same; therefore there is no motivation to allow for different repetition factors between cells in a cell group. This was also the reason why the same repetition factors were applied to the HARQ_ACK and CQI in legacy multi-cell configurations. Therefore, it is considered that a single repetition factor each for HARQ-ACK and CQI repetition is sufficient for cells within a cell group.
Proposal 1: If HARQ-ACK and CQI repetition is feasible for a Multiflow configuration, then a single repetition factor is used for HARQ-ACK and CQI repetition for cells within a cell group.

In addition, the rules governing the configuration of repetition parameters can be applied to both Intra and Inter-NodeB multiflow. The reasons to apply repetition to a particular cell apply both for the Intra and Inter NodeB multiflow configuration. In addition, allowing for different numbers of parameters for Intra and Inter-NodeB multiflow configurations only serves to increase complexity and increases the number of configurations to test.
Proposal 2: The rules for HARQ-ACK and CQI repetition are the same for both Intra and Inter-NodeB multiflow configurations.

3.1
SF-DC Multiflow Configuration when MIMO is not configured on any of the cells

Let the cells participating in SF-DC multiflow operation be denoted as C1 and C2. The HS-DPCCH format for the SF-DC non-MIMO Multiflow scenario is illustrated in Figure 1. The spreading factor used is SF256 with HS-DPCCH slot format #0.
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Figure 1: HS-DPCCH format for SF-DC non-MIMO Multiflow

In the case of Inter-NodeB multiflow operation, it is expected that the schedulers at the two NodeBs are independent and each NodeB is unaware of the scheduling patterns of the other NodeB. Since the HARQ-ACK and CQI for the two cells are jointly encoded, and the scheduling patterns are independent, repeating the ACK/NACK and CQI would not result in any soft-combining gain. The two codewords may be entirely different even if one of the HARQ-ACK responses is the same. Therefore, in absence on addition NodeB-RNC signalling, there would be no gains in allowing for HARQ-ACK repetition in the case of SF-DC non-MIMO multiflow configuration.
In case of CQI reporting, since the CQI is reported by the UE, it can be ensured that the same codeword can be re-transmitted with an increase in feedback cycle. However, it is essential that the repetition factor be the same for both the configured cells. Independent repetition factors would not be feasible since that would lead to a mismatch in the CQI reporting resulting in both NodeB failing to decode some CQI reports. Therefore, white repetition is possible in the case of SF-DC non-MIMO multiflow operation, a single CQI repetition parameter that applies to both cells would need to be configured.

3.2
SF-DC Multiflow Configuration when MIMO is configured on at least one of the cells

As in the previous case, let the cells participating in SF-DC multiflow operation be denoted as C1 and C2. The HS-DPCCH format for the SF-DC MIMO Multiflow scenario is illustrated in Figure 2. The spreading factor used is SF256 with HS-DPCCH slot format #0.
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Figure 2: HS-DPCCH format for SF-DC MIMO Multiflow
As seen in Figure 2, the CQI for the two cells is reported in consecutive TTI with a feedback cycle of 4ms. The two TTIs where the CQIs are reported are considered to be a CQI reporting period. 

As in the previous case, the HARQ-ACK feedback should not repeated in this scenario since there would be no combining gain. On the other hand, since the CQI feedback pertaining to a particular cell is independently available, i.e., there is no joint coding of the CQI reports; it is possible to have independent repetition factors for CQI reporting. 

In summary, HARQ-ACK repetition is not feasible, but independent CQI repetition factors can be considered.

3.3
DF-3C Multiflow where MIMO is not configured in any of the cells
Without loss of generality, let the serving cell be denoted as C1 and let the assisting serving and assisting secondary serving cells be denoted as cells C2 and C3 respectively. The HS-DPCCH format for the 3C non-MIMO Multiflow scenario is illustrated in Figure 3. The spreading factor used is SF256 with HS-DPCCH slot format #0.
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Figure 3: HS-DPCCH format for 3C non-MIMO

In Figure 3, it is seen that the HARQ-ACK is jointly encoded for all the three cells while only the CQI for cells 2 and 3 are jointly encoded. Note that, cells C2 and C3 are part of the same cell group and can be assumed to have a single repetition factor configured that applies to both of them.
Since the scheduler for C1 is independent of the scheduler for cells C2 and C3, HARQ-ACK repetition is not feasible. However, the CQI report for C1 and the CQI report for cells C2&C3 can be decoded independent of one another. Therefore, in this scenario HARQ-ACK repetition is not feasible but CQI reports can have independent repetition factors.

3.4
DF-3C when MIMO is configured on at least one carrier
As in the Section 3.3, let the serving cell be denoted as C1 and let the assisting serving and assisting secondary serving cells be denoted as cells C2 and C3 respectively. The HS-DPCCH format for the 3C MIMO Multiflow scenario is illustrated in Figure 4. The spreading factor used is SF128 with HS-DPCCH slot format #1.
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Figure 4: HS-DPCCH format for 3C MIMO

Due to the grouping of the CQI that has been agreed in RAN1, the CQI’s from the same NodeB (CQIs C2 and C3) are grouped together and transmitted over one slot. The CQI C1 is repeated and transmitted over two slots. 
In Figure 4, it is seen that the HARQ-ACK as well as the CQI are self-contained in their respective time periods for each cell group. In this case, it is possible for the HARQ-ACK feedback to be soft combined over two TTIs by only combining the associated symbols. Similarly, the CQI reports can be combined as by only combining th relevant CQI symbols associated with a particular cell. In this case, strictly speaking, it is not essential that the CQI’s be the same for the cells in the cell group and so it is possible to have independent repetition factors for the cells within a cell group. However, since there is no essential need for them to have different repetition factors, this aspect is not considered to be advantageous.

In summary, it is feasible to allow for independent repetition factors for both HARQ-ACK and CRQ reports in this scenario.

3.5
Four Cell Configurations: DF-4C
Let the assisted serving cell be denoted as C1 and let the assisted secondary serving cell be denoted as C2. Similarly, the assisting serving and assisting secondary serving cells are denoted as cells C3 and C4 respectively The HS-DPCCH format for DF-4C, when all four cells are active is given in Figure 5.
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Figure 5: HS-DPCCH format for DF-4C
Similar arguments as noted in Section 3.4 DF-3C with MIMO apply to this scenario as well. Since the cells within a cell group are grouped and transmitted together, the HARQ-ACK and CQI reports are well contained in their respective time periods. Therefore, there are no restrictions that apply to the HARQ-ACK and CQI repetitions. In this scenario, it is feasible to have independent HARQ-ACK and CQI repetition factors for different cell groups.
4
Summary
In the previous sections, we examined the feasibility of repetition for HARQ-ACK and CQI reports and whether the repetition factors could be configured independently between cell groups. A summary is given in Table 1.

Table 1: Summary of rules pertaining to HARQ-ACK and CQI repetition in different Multiflow scenarios
	Configuration
	HARQ-ACK and CQI Repetition

	SF-DC non-MIMO
	HARQ-ACK repetition is not feasible. 
CQI repetition is possible but independent CQI repetition factors cannot be configured across the assisted and assisting serving cells

	SF-DC MIMO
	HARQ-ACK repetition is not feasible. 

CQI repetition as well as the configuration of independent CQI repetition factors across the assisted and assisting serving cells is feasible

	DF-3C non-MIMO
	HARQ-ACK repetition is not feasible. 

CQI repetition as well as the configuration of independent CQI repetition factors across different cell groups is feasible

	DF-3C MIMO
	Both HARQ-ACK and CQI repetition can be independently configured across cell groups

	DF-4C
	


It should be noted that the same rules apply when one or more more cells in a particular configuration has been deleted. Since the other NodeB would be unaware of the deactivation, the ACK and CQI reporting formats are such that the decoding is independent of such activation/deactivation events.

When multiflow operation is configured, it is typical that there are imbalances between the links to the assisting and assisted serving cell. One option to ensure the reliability of the HS-DPCCH channel is to increase the gain factors that the UE applies on the channel. As part of this work item the range of beta factors has been increased to allow for this functionality. However, when the UE is also headroom limited, the gain factors cannot be increased. In such cases, repetition of the HARQ-ACK and CQI can also help in ensuring the reliability of the HS-DPCCH channel. Therefore, it is desirable to introduce repetition of the ACK and CQI as part of multiflow operation.

When small cells are deployed, the uplink imbalance can be seen to be quite large. The link to one of the cells on the uplink would be weaker than the other. In such cases, it is unnecessary to impose scheduling restrictions (which arise due to repetition) on the better link. Therefore, independent repetition factors are also desirable to the extent possible. Therefore, the following is proposed.
Proposal 3: The rules for HARQ-ACK and CQI repetition in multiflow operation apply as indicated in the following:

a) In the case of SF-DC non-MIMO configuration, HARQ-ACK is not repeated. A single CQI repetition factor is configured for both cells.
b) In the case of SF-DC with MIMO configured and DF-3C without any MIMO configuration, HARQ-ACK is not repeated. A CQI repetition factor is configured for each cell group.

c) In the case of DF-3C with MIMO configured and DF-4C configuration, a HARQ-ACK repetition factor and a CQI repetition factor is configured for each cell group.

5
Conclusions
In this document, repetition of HARQ-ACK and CQI reports in multiflow operation was discussed. Each multiflow configuration was examined to see if repetition should be allowed and if independent repetition factors should be configured across cell groups. The following proposals are made:
Proposal 1: If HARQ-ACK and CQI repetition is feasible for a Multiflow configuration, then a single repetition factor is used for HARQ-ACK and CQI repetition for cells within a cell group.

Proposal 2: The rules for HARQ-ACK and CQI repetition are the same for both Intra and Inter-NodeB multiflow configurations.
Proposal 3: The rules for HARQ-ACK and CQI repetition in multiflow operation apply as indicated in the following:

a) In the case of SF-DC non-MIMO configuration, HARQ-ACK is not repeated. A single CQI repetition factor is configured for both cells.

b) In the case of SF-DC with MIMO configured and DF-3C without any MIMO configuration, HARQ-ACK is not repeated. A CQI repetition factor is configured for each cell group.

In the case of DF-3C with MIMO configured and DF-4C configuration, a HARQ-ACK repetition factor and a CQI repetition factor is configured for each cell group. 
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