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1. Introduction
The New Carrier Type (NCT) Work Item, having a scope as described in RP-121415, is an important step towards fixing some Rel.8 problems, as contentions on the downlink control physical channels, contentions created by the operation of the adjacent cells.

The contentions on the PUCCH were not addressed yet; based on our analysis there is a clear need for resolving also the uplink channel contention problems, which may affect the behaviour of the LTE systems in general and in special when we speak about dense deployments, as those targeting urban areas. In addition, some future more efficient utilisation of the uplink FDD spectrum may find the existing extension of the PUCCH over the entire uplink frequency as inconvenient. 
We are looking at the PUCCH problems from multiple perspectives:

1. Contentions of the PUCCH usage in adjacent cells, generated by UEs transmitting at the cell margin, especially in dense cellular deployments;

2. Contentions between PUCCH and future new applications within the FDD uplink channel.
2. PUCCH Contentions
The PUCCH was designed while having in mind a fast feedback mechanism for acknowledging the data transmitted in downlink and with the view that UE can use the entire uplink channel. This has conducted to a slot allocation for sending the acknowledge (ACK) from the UE to the eNB, where the slot allocation is bounded in FDD to four frames time lag between the downlink transmission towards a specific UE and the uplink HARQ-ACK transmission, while in TDD is specified the time lag for each configuration of the type 2 frame (see [1]).

In meantime the LTE approach was enhanced to include the interference coordination in both frequency domain and time domain. To support the uplink ICIC and later eICIC, RAN3 has defined messages over the X2 interface, such as:

· Overload Indicator (OI), in which the adjacent cells are informed per PRB the level of experienced interference (high, medium, low);

· High Interference Indicator (HII), pro-actively indicating the uplink PRBs to be used for high power transmission by the cell edge users.
However, similar with the downlink PDCCH case, the ICIC cannot avoid the contentions of the PUCCH.

2.1. FDD
The frequency-domain ICIC is well suited for FDD systems, because there is no need for inter-cell synchronization, but is also useful in TDD systems. The cell-edge UEs will transmit the PUSCH on different physical resource blocks (PRB), however the PUCCH resource allocation will overlap between the adjacent cells. If the number of cell-edge UEs is small, the resolution of the ACK transmissions over PUCCH is still possible; but what happens if:
· There is a micro-cell deployment, where the number of interfering UEs is high, because of the contribution of second-adjacent cells “enjoying” relatively low path-loss?
· An FDD subband has been allocated to the small cell operation, and the PUCCH of many small cells collide?

· The CQI periodic reporting done over the PUCCH collides?

Fig.1 exemplifies the usage of ICIC (FFR) in FDD systems, where some part of the uplink channel is allocated for the high power data and control transmissions of a certain cell (shown with different colors). The PUCCH allocations for the three cells overlap, having a high probability of collisions when the UEs at the cell margins transmit on it. 
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Figure 1 – Frequency-based ICIC between 3 systems
2.2 TDD
The TDD systems will trend to take advantage of DL: UL flexibility and in general use asymmetrical configurations, suitable to the DL centric character of the traffic. As result, there will be not enough uplink subframes for applying the sub-frame based interference coordination. This and other aspects make the frequency domain ICIC most suitable also for the TDD UL inter-cell interference coordination. The result is again the contention of the PUCCH, as shown above.
3 Future proved NCT definition
There will be future applications which may require more flexibility of the up-link frequency usage. Especially in FDD operation, where due to the downlink centric character of the traffic, the uplink channel is only partially used, it is required to have full up-link subframes available for other applications. Such applications may be:
· UE to UE direct communication in the coverage area of an eNB;
· TDD or additional downlink within the uplink FDD channel.
Figure 2 indicates an example of shared time-frequency resources for the FDD uplink channel and for new applications. The PUCCH was kept within subframes allocated for the incumbent applications, providing for some support of UEs complying with previous releases.
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Figure 2 – Channel sharing between incumbent and new applications

3.1 Direct UE communications

Obviously, such communication will take place in at least one UL subframe, separated in time from the regular UL transmission for avoiding being interfered or interfering with the regular UL transmissions. It makes sense that the resolution of the allocation will be based on a full channel width during at least one subframe.
There are multiple applications requiring direct UE communication, as indicated below:

· Safety applications, already studied in 3GPP SA;
· Collaborative uplink transmissions, also known as “uplink network MIMO”
· Commercial applications, such as neighbor gaming, neighborhood-based social networks, neighborhood-based advertisement, fast collaborative event recognition, etc.

3.2 Un-paired UL channel usage
The available UL FDD channel in un-paired mode could be used in the following modes:
· For additional low power transmissions in the context of carrier aggregation: as long as the spectrum masks are such that the out-of-band transmissions are similar to those caused by an UE operating in an adjacent band and are separated in time; 
· For additional low power TDD cell operation: as above, if the spectrum masks are such that the out-of-band transmissions are similar to those caused by an UE operating in an adjacent band. This kind of operation can be used for small cells, whose coverage is limited by their eNB lower transmit power.
A common issue of concern for such applications is the efficiency of the spectrum use; if the channel bandwidth of the new applications is chosen such to avoid contentions to the reserved allocation for PUCCH, we may find that in many subframes 50% of the channel is not used, because:

· The channel width resolution is in general based on power of two (1.4, 3 ,5 ,10 ,20MHz)

· In practice may be subframes with no transmissions on PUCCH. 

4 Possible solutions
There are a number of solutions to resolve the contention problems between PUCCH and itself or between PUCCH and other channel usage, all of them having as common denominator the transmission of the relevant information as part of the PUSHC. This may imply a variable delay of the HARQ-ACK relative to the downlink transmission, but as this solution works in TDD (frame type 2) for configurations with a reduced number of UL subframes, it may work also in FDD with a reduced number of actually used FDD subframes.

The flavors of the solutions may be:

· Using a dedicated physical resource for the transmission of such information;

· Using messages for transmitting the relevant information;
· Interlacing of regular UL subframes and the subframes to be used by the new applications.

We note that the scope of the RP-121415 is not preventing RAN1 and RAN2 for including the recommended actions in their actual work.
5
Conclusions

In this contribution we have analyzed the existing problems resulting from PUCCH contentions and the negative impact of the existing PUCCH approach on possible new applications using the remaining FDD uplink time-frequency resources for new applications, such as direct UE communications and un-paired use of the spectrum.
The following proposals in the context of NCT are made:
Proposal 1: Study the possibility of avoiding the PUCCH transmissions in certain subframes; 
Proposal 2: Include as part of the study solutions such as message-based transmission (within PUSCH) of the relevant control information.
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