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1 Introduction

UL control signaling enhancements considering the use of UL CoMP fundamentally consider:
a) Interference avoidance for CoMP scenario 3 due to different transmission powers from UEs communicating with the macro and a pico.
b) Multiplexing capacity enhancements for CoMP scenario 4 due to absence of cell splitting gains between the macro and the RRHs.
The UL control signal from a UE may be received at one or more Reception Points (RPs) which may not be the same as the Transmission Point(s) (TPs). As for DL CoMP considering (dynamic) JT and DPS, focus on UL CoMP may also focus on JR and DPS.  
This contribution considers the overhead of PUCCH resources associated with the configuration of a new CoMP region for dynamic HARQ-ACK transmissions using PUCCH format 1a/1b and of the required UCI resources in a PUSCH for CoMP methods such as DPS. 

2 UCI Transmission in PUCCH
For all PUCCH formats except PUCCH format 1a/1b, as the respective resources are semi-statically configured (with additional dynamic indexing for PUCCH format 3), interference avoidance is completely a network implementation issue. For PUCCH format 1a/1b, a CoMP region can in principle be assigned for HARQ-ACK transmissions from macro-UEs and from pico/RRH-UEs (no significant interference is assumed among picos/RRHs), and interference can be further mitigated by some additional power control for PUSCH transmissions. 

The CoMP region for HARQ-ACK signal transmissions using PUCCH format 1a/1b can be established with either of: 
a) RRC signaling - negligible complexity and negligible DL overhead, potentially large UL overhead increase as the maximum resources need to be assumed for the macro.
b) Dynamic signaling – larger complexity as DCI formats are affected, UL overhead increase is traded off to some extent for DL overhead increase by adding an new field (FFS how many bits) to each DCI format scheduling PDSCH or SPS release. 
Several possible partitions of CoMP and non-CoMP UL resources exist. Figure 1 shows an example of a partitioning of the UL resources for the macro-eNB and an RRH for CoMP scenario 3. A similar partitioning may apply for CoMP scenario 4 by configuring the sequence for HARQ-ACK transmissions in the CoMP region of the RRH resources a UE-specific manner. 

Regardless of whether RRC signaling or dynamic signaling is used to indicate the beginning of the CoMP PUCCH resources (
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 value) for HARQ-ACK signal transmissions using PUCCH format 1a/1b (with channel selection in case of TDD), an UL overhead increase occurs. It is noted that the number of UEs scheduled PDSCH or SPS release per subframe is largely independent of whether UL CoMP is used for HARQ-ACK signal transmissions and therefore, in principle, there should not be an increase in the respective PUCCH resources.

Moreover, when UL CoMP is applied, only few UEs per subframe on average may require HARQ-ACK transmission using CoMP resources which may lead to significant underutilization. 
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Figure 1: Example for a Partitioning of Resources for UL CoMP Scenario 3.
When PUCCH CoMP resources need to be assigned to only one or few dynamic HARQ-ACK transmissions, multiple PRBs may be used for a single or few HARQ-ACK transmissions if the PUCCH resource 
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 is the first CCE of the respective PDCCH and 
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 is an offset configured either dynamically or by RRC. If the value of 
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 is large, multiple PRBs may be used to convey only a single or few HARQ-ACK transmissions. For example, for a 20 MHz BW, 
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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 CoMP resources for dynamic HARQ-ACK transmissions with PUCCH format 1a/1b from macro-UEs may reduce UL throughput by an additional 6%-10% only for supporting a very small number of UEs!
An overhead increase in the order of 6%-10% is obviously unacceptable and should be substantially reduced. One option for such reduction is by scheduler restrictions where small CCE numbers are used for PDCCH transmissions to UEs for which CoMP resources are used for the respective HARQ-ACK signal transmissions using PUCCH format 1a/1b. However, aside of increasing the blocking probability and imposing scheduler restrictions, this option can only have limited benefits as the first 16 CCEs are typically used in the CSS for PDCCHs scheduling system information. 
Another option is to incorporate resource compression by assuming that multiple CCEs are used for PDCCH transmissions to UEs using CoMP resources for their HARQ-ACK signal transmissions with PUCCH format 1a/1b. As such UEs are unlikely to be located near the macro-eNB, this restriction will not result to collisions or wasted CCEs. Moreover, a PUCCH resource index, as for PUCCH format 3 in Rel-10, may be used to further ensure that collisions are avoided. This PUCCH resource index for PUCCH format 1a/1b is also beneficial for supporting HARQ-ACK signal transmissions corresponding to detections of PDCCHs or (either localized or distributed) E-PDCCHs while sharing the same resources [1], and for supporting HARQ-ACK signal transmissions corresponding to detections of PDCCHs from different TPs. Legacy UEs are naturally supported as usual and are not affected.
Proposal 1: Support compression for resources assigned to PUCCH format 1a/1b transmissions with UL CoMP.
3 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.

Proposal 2: Support configuration of separate
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 values for each set of RPs configured to a UE.

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. 

Proposal 3: Support simultaneous PUSCH and PUCCH transmissions with UL CoMP.

4 Conclusions

This contribution considered aspects regarding the resource requirements for UCI transmission in conjunction with UL CoMP and proposes the following:

Proposal 1: Support compression for resources assigned to PUCCH format 1a/1b transmissions with UL CoMP.

Proposal 2: Support configuration of separate
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 values for each set of RPs configured to a UE.

Proposal 3: Support simultaneous PUSCH and PUCCH transmissions with UL CoMP.
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