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1 Introduction

In RAN1#69, the following conclusion has been reached:
Conclusion:

· Confirm the working assumption that in addition to the existing mechanism, a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID NIDcell with a UE-specifically configured parameter X. 

· Email discussion until June 15 on other details of PUCCH sequence and resource. (Yousuke, KDDI)
This contribution discusses the design aspects for UL control signaling for Rel-11 CoMP operation. 
2 PUCCH HARQ-ACK Resource Allocation for UL CoMP
Whereas the UE-specific parameter X should be explicitly configured to each Rel-11 UE for PUCCH CoMP operation, UE-specific PUCCH resource configuration is not necessary in some PUCCH resource mapping designs. 
One such a design (denoted by Alt 1), for example, is to let each Rel-11 UE configured with X generate all PUCCHs with a base sequence according to X and semi-statically configure all PUCCH resources including HARQ-ACK. 
· Alt 1:  RRC configuration of HARQ-ACK resources for UEs configured with UE-specific X. 
In case the number of PUCCH CoMP UEs is not large (e.g., in some instances of scenario 3), a small number of HARQ-ACK resources configured by Alt 1 can be reused among the CoMP UEs and collision of HARQ-ACK resources can be easily avoided by imposing scheduling restrictions. However, in case the number of PUCCH CoMP UEs is large, either a large number of HARQ-ACK resources should be allocated to the CoMP UEs or significant scheduling restrictions should be imposed in order to avoid collisions. 
To avoid the above shortcomings, an implicit and dynamic mapping rule for HARQ-ACK may be considered. One alternative (denoted by Alt 2) is to use the Rel-8 CCE-to-HARQ-ACK resource mapping with a UE-specifically configured resource offset:
· Alt 2: 
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 is UE-specifically configured.
While Alt 2 can be viewed as a natural extension of the Rel-8 mapping to UL CoMP, it may suffer from significant UL throughput reduction because of increased overhead. 
This is especially true when the network assigns non-overlapping regions for the two types of HARQ-ACKs, one generated with physical cell ID and another with a UE-specific X, in which case the overhead required for dynamic HARQ-ACK resources doubles as compared to the legacy operation.  For example, for a 20 MHz BW system, 
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 CCEs (2 CRS ports), and 20 legacy PUCCH PRBs (80 PUSCH PRBs), 
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 PRBs are required for HARQ-ACK signal transmissions using PUCCH format 1a/1b which for 
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 is equivalent to 5 or 8 additional PRBs respectively. Therefore, the additional overhead for CoMP HARQ-ACK resources may reduce UL throughput by an additional 6%-10%. 
When the network assigns overlapping regions for the HARQ-ACKs generated with different base sequences, the overhead issue may be somewhat mitigated; however, significant scheduling restrictions may still be imposed in order to prevent resource collisions if any meaningful overhead reduction is to be achieved. More specifically, in order to prevent the resource collision, the overlapped region should be used for PUCCHs generated with the same base sequence. For example, for resource collision avoidance, the overlapped region should only contain PUCCHs generated with physical cell ID. Considering that the PDCCH hashing function changes the UE-specific search space every subframe for each UE, the only way to ensure this is that eNB does not transmit any DL grants for those UEs who are assigned with a virtual cell ID and happen to have the UE-specific search space in the overlapped region. As illustrated in Figure 1, in subframes when UEs 1-4 has UE-specific search space in the overlapped PRB, eNB should not transmit DL grants to UE1-4 for avoiding collision. Depending on the number of UL CoMP UEs, this may increase blocking probability and reduce DL throughout (“many” UL CoMP UEs) or it may result to significant underutilization of the CoMP PUCCH resources (“few” UL CoMP UEs) thereby decreasing UL throughput.
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Figure 1 Illustration of scheduling restrictions when the two PUCCH regions overlap

It is also noted that another PUCCH resource offset is being discussed for the purpose of providing a separate region for PUCCHs in response to PDSCH scheduled by ePDCCH. That offset intends to serve different functionality than the offset discussed for UL CoMP as it intends to avoid collisions of HARQ-ACK transmissions in response to PDCCH, distributed ePDCCH, and localized ePDCCH detections (and all UEs may use the same ZC sequence for PUCCH Format 1a/1b transmissions). If two offsets are separately introduced for UL CoMP and for ePDCCH, the additional overhead in the non-overlapping case will further increase and this should be avoided. 
Another alternative (denoted by Alt 3) allows for efficient management of PUCCH HARQ-ACK resources for UL CoMP by including an explicit indication in the determination of a PUCCH HARQ-ACK resource (referred to as ACKNACK-Resource Index, ARI). The ARI can also be used in conjunction with ePDCCH operation [2] and its functionality is similar to that for indicating the PHICH resource (CSI field serves as ARI) or for indicating the PUCCH Format 3 resource in Rel-10 DL CA. As in Rel-10 DL CA, the ARI is conveyed by the corresponding DL grant. The PUCCH resource numbers (OCC, CS and m) can then be determined from the ARI as well as from 
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· Alt 3: The PUCCH resource numbers for HARQ-ACK are derived from the ARI and 
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When the mapping of ARI values to different PUCCH resources is configured by higher-layer signaling, the network can flexibly assign HARQ-ACK resources depending on the traffic load to reduce the HARQ-ACK overhead in each subframe and at the same time it can prevent resource collisions. In this case, UE-specific configuration of 
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 is not necessary as the higher-layer configured values for ARI can be freely selected by the network. Additional compression of PUCCH resources may then be applied in order to avoid increasing the number of ARI bits and minimize the additional PUCCH overhead by assuming that at least 2 CCEs/eCCEs are used for PDCCH/ePDCCH to UE in cell locations benefiting from UL CoMP (as for SORTD in Rel-10) or by disregarding the CCEs of the common search space. It is furthermore noted that Alt 3 can be used for resolving resource collisions regardless of whether ePDCCH or PDCCH schedules the PDSCH. In case ePDCCH schedules the PDSCH, the CCE number 
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 may correspond to the smallest eCCE number carrying the DL grant [2]. 
For effective load balancing and PUCCH overhead management, it would be desirable that Rel-11 UEs configured with X are also able to generate PUCCH with physical cell ID, and at the same time, the PRBs carrying two differently generated PUCCHs (with different sequences) should be non-overlapping. Alt 3 directly allows this if the PRBs for which a UE should use the UE-specific X for PUCCH generation are explicitly configured. 

Having observed the pros and cons of the alternatives, it is proposed to adopt Alt 3.

Proposal 1: The PUCCH Format 1a/1b resource in support of UL CoMP is derived from the ARI and 
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, where the ARI is indicated in the corresponding DL grant.
3 Configuration of X for Different PUCCH Formats

The potential benefits of configuring different X for different PUCCH formats are discussed in some contributions (e.g., [1]). While the SINR requirements for different PUCCH formats are different, the benefits of having PUCCH format-specific X are unclear even if the PUCCH resource pool allocation is different. 
Proposal 2: A single X is configured to a UE for all PUCCH formats.
4 UCI Transmission in PUSCH
UCI transmission in a PUSCH using UL CoMP can follow the same attributes as data transmission. The only issue to consider is the dynamic selection of the intended cell, particularly for DPS UL CoMP (similar to DPS DL CoMP). Then, as different cells may follow different scheduling strategies (e.g. considering different IoT targets or transmission power control requirements) and have different BLER targets, different values of 
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 need to be associated with a PUSCH transmission to each configured set of RPs. Therefore, a UE should be configured a 
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 value for each configured set of RPs.

Observation 2: Configuration of separate
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 values for each set of RPs configured to a UE is required for ensuring UCI reception reliability for transmission to each set of RPs.

An additional issue for UCI transmission in a PUSCH in case of UL CoMP is whether this transmission should take place in the PUSCH or whether PUSCH and PUCCH transmissions should occur in the same subframe as supported in Rel-10. Depending on the application, data information may be less delay sensitive than UCI and in case the backhaul link is not fast (e.g. it is not a fiber optic link), UCI should be transmitted in the PUCCH to the scheduling cell. 

Observation 3: Support of simultaneous PUSCH and PUCCH transmissions is required for UL CoMP if the backhaul latency is not negligible compared to the HARQ processing budget of 3 msec.

Proposal 3: Support configuration of separate
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 values for each set of RPs configured to a UE.
Proposal 4: Support simultaneous PUSCH and PUCCH transmissions with UL CoMP.
5 Conclusions

This contribution firstly considered PUCCH resource mapping for Rel-11 UEs configured with UE-specific X, and proposed the following:
Proposal 1: The PUCCH Format 1a/1b resource numbers (CS, OCC, m) are derived from functions of ARI and 
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, where ARI is indicated in the corresponding DL grant. 
Proposal 2: A single X is configured to be used for all PUCCH formats. 

Proposal 3: Support configuration of separate
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 values for each set of RPs configured to a UE.
Proposal 4: Support simultaneous PUSCH and PUCCH transmissions with UL CoMP.
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