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1. Introduction
In Rel. 12 small cell enhancements, denser and non-uniform distribution of small cells is considered [1]. Dense small cell deployment is also assumed in the SCE scenario [2]. In this situation, uplink interference would be severer compared to that for a Rel. 8-11 deployment. In order to mitigate such strong uplink interference among small cell UEs, potential enhancements should be studied. 

This contribution shares our views on uplink enhancement for dense small cell operation. Two possible enhancements are discussed. The first is uplink power control. By controlling the uplink transmit power while taking into account the interfering power to the surrounding cells and the received power at the desired cell, inter-cell interference may be suppressed. The second enhancement is uplink de-modulation reference signals (DM-RS). In Rel. 11, virtual cell ID was introduced for uplink CoMP operation [3]. However, current mechanisms may not be sufficient for dense small cell operation especially with a non-ideal backhaul connection among small cells and/or between macro cells and small cells. We propose investigating such uplink enhancements for Rel. 12 small cell operation.

2. Multi-point Power Control
In this section, we propose investigating further enhancement of the power control to mitigate severe interference in dense small cell deployments. The multi-point power control concept discussed in Rel. 11 CoMP is beneficial in reducing the inter-cell interference. The multi-point power control as a method for interference mitigation can be classified into two types. The first is open-loop power control in which the small cell UE measures multiple path-losses and determines the transmit power based on the losses to avoid severe interference to the surrounding small cells. The second is closed-loop power control in which the surrounding victim cells indicate certain information regarding the interference condition to the aggressor cell, and the aggressor cell controls the transmit power of the aggressor UE via a higher layer or physical layer based on the information. These two types of power control are illustrated as shown in Fig. 1. For both approaches, the aggressor UE reduces the transmission power to decrease the interference level for neighboring small cells.
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Figure 1. Multi-point Power Control
As reported in [4], multi-point PC achieves a higher gain when there are severe fluctuations in shadowing and the traffic load is not high. Under such conditions, inter-cell interference will increase locally and temporally. This means that a significant gain can be expected for dense small cell deployments in an urban area. Thus, multi-point power control should be investigated in Rel. 12 SCE.

2.1. Multi-point Open-Loop PC
Multi-point open-loop PC is a kind of a UE centric approach. An aggressor UE reduces interference by reducing its transmission power considering the path loss for neighboring small cells. For CoMP, multiple path losses will be used to estimate the effective path loss considering multiple reception points. On the other hand, for a single point reception, there is only one desired path loss but multiple path losses can be utilized to estimate the interference level for the surrounding small cells. We note that depending on the signal for multi-point path loss estimation, the accuracy can be low. Thus the gain from multi-point open-loop PC may decrease due to path loss estimation error. 

Observation 1: Multi-point path loss estimation is beneficial for single point reception to reduce interference in addition to Rel. 12 CoMP.
Two solutions for multi-point open-loop PC using multi-point path loss are considered.
Alt. 1 - Virtual path loss
In this solution, a UE calculates the virtual path loss considering the path loss for neighboring small cells.


[image: image2.emf]


)( Ω∈= ivirtual PLfPL










) (

W Î =

i virtual

PL f PL

,
 (1)
where Ω denotes the path loss set that the UE obtained using multi-point path loss estimation.

Alt. 2 - Virtual PCMAX,c
In this solution, a UE limits the maximum transmission power considering the path loss for the surrounding small cells. 
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where IMAX is the maximum interference level for the neighboring small cells.
Using the virtual path loss or virtual PCMAX,c, the transmission power is reduced depending on the path loss for the neighboring small cells. If the UE knows the single path loss, both equations should be equivalent to Rel. 11 open-loop PC and if the size of Ω is greater than one, interference can be mitigated. A higher path loss set yields consideration for denser deployment. If there are many small cells with similar path losses, i.e., a dense deployment, the transmission power can be further reduced. Even though the size of Ω is significantly large, a high path loss for non-serving cells should have a limited impact on the transmission power reduction. Further definitions for the expressions are FFS.

Multi-point open-loop PC has low complexity except that it introduces some complexity for multi-point path loss estimation. Furthermore, a UE centric approach inherently cannot take traffic, i.e., temporal cell load, into account. From the perspective of adapting real interference for the PUSCH considering traffic, a NW centric approach, i.e., closed-loop PC, has the potential to yield a gain for open-loop PC.

2.2. Multi-point Closed-Loop PC
Interference estimation and indication to an aggressor cell is beneficial for enhanced interference coordination similar to the discussion in the LS from RAN3 related to CB-ICIC [5]. Assuming transmission power control for interference coordination, multi-point closed-loop PC can be achieved in the following steps.
1. Victim eNB estimates the interference level and/or detects the aggressor UE from neighboring small cells.
2. Victim eNB indicates interference information such as interference level with time-frequency grid and/or aggressor UE identification to aggressor eNB.
3. Aggressor eNB decides need for coordination based on multiple indications from victim eNB and control transmission power of aggressor UE via higher layer signaling to adjust PO_UE_PUSCH,c(j) or TPC command.
We assume the above procedure as a multi-point closed-loop PC in the contribution. All eNBs perform the procedure until the interference level drops to a certain level.
For multi-point closed-loop PC, the interference estimation scheme can be discussed to achieve the potential performance of multi-point closed-loop PC considering the complexity. The easiest solution is an interference level estimation without aggressor detection using the serving DM-RS. This is an implementation solution and was already introduced as noise estimation for MMSE weight calculation in the UE receiver. Furthermore, it does not require any assumption for the backhaul and NW synchronization. Utilization of the DM-RS for the PUSCH is also beneficial to reflect traffic for the interference estimation. On the other hand, this solution may introduce some overhead for interference coordination because the eNB cannot identify the aggressor. Such multi-point closed-loop PC may be applied to all UEs in the same small cell cluster. It is a fatal limitation to conduct adaptive interference coordination. Thus, an eNB should narrow down the target UE for power control considering the channel of each UE such as RSRP.

Alternately, monitoring uplink signals such as the PRACH, SRS, and DM-RS from neighboring small cells can identify the aggressor UE. However, a certain level of NW synchronization is required to detect the signal from other small cells. Depending on the details of the interference estimation scheme, it may have an impact to the RAN1 specifications. Among the monitoring schemes, detection of the DM-RS from the UE of a non-serving cell is the ultimate solution to detect the aggressor UE reflecting traffic while eNBs need to exchange not only RS sequence information but also scheduling information with a few milliseconds of latency. It introduces a high complexity level and can only be achieved among RRHs.

Notification of interference to the aggressor cell can be achieved using the existing overload indicator (OI) if eNBs are connected with the X2 interface. To achieve an enhanced PC scheme, some enhancement to the OI is required. Inter-cell indication can be utilized for load exchange. If the load information can be obtained, traffic can be reflected in the power control decision. For notification of interference, latency is not an issue if we assume slow power control.
Observation 2: Multi-point closed-loop power control can be introduced with an eNB implementation. Further mechanisms with feasible complexity are FFS.

If the potential gain of closed-loop PC is significantly large, 
more enhanced interference estimation schemes should be investigated. A combination of open-loop and closed-loop mechanisms, e.g., NW triggering multi-point Open-loop PC based on load/interference information, should also considered.

Proposal 1: Study for multi-point power control with open-loop and/or closed-loop mechanisms for interference mitigation in dense small cell deployments.

3. DM-RS Enhancement
In order to mitigate severe uplink interference for dense small cell deployments, further flexible inter-cell orthogonalization/ randomization of the DM-RS is useful especially among synchronized small cells. In the following, we discuss possible enhancements for inter-cell DM-RS orthogonality and inter-cell DM-RS randomization.
3.1. Possible Enhancements for Inter-cell DM-RS Orthogonality in Dense Small Cell Deployment
In Rel. 10, the orthogonal cover code (OCC) was adopted to orthogonalize DM-RSs of MU-MIMO UEs within a cell. The OCC can be utilized to achieve inter-cell DM-RS orthogonality by configuring virtual cell IDs to UEs in different cells. However, the OCC orthogonality is available only when sequence group hopping (SGH) is disabled. In our view, SGH is quite important to randomize inter-cell interference in actual deployments and hence is an essential functionality of LTE/LTE-A operation. Therefore, it is difficult to utilize Rel. 10 OCC to achieve inter-cell DM-RS orthogonality and for achieving MU-MIMO operation within a cell.
Observation 3: Rel. 10 OCC may not be useful since group-hopping is an essential functionality to randomize inter-cell interference.
Based on the above motivation, we consider that further enhancements for inter-cell DM-RS orthogonality should be studied for dense small cell operation. Potential solutions are given hereafter.
1. Comb-structure for DM-RS

A comb-structure has been adopted for orthogonalizing SRSs among UEs since Rel. 8. For the DM-RS, on the other hand, a dense DM-RS was required to ensure accurate channel estimation performance. Therefore, only CS (and OCC in Rel. 10) was used. However, in Rel. 12 small cell deployment, a dense DM-RS may not be required for small cell UEs compared to macrocell UEs. Thus, we think that reduction in the number of DM-RS resource elements (REs) to apply the comb-structure can be considered targeting small cell UEs. Even with comb-based orthogonality, group-hopping is still enabled (see Fig. 2).
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Figure 2.  Comb-structure for DM-RS
In the current specification, the base sequence (CAZAC sequence) length for generating a DM-RS is determined by the number of resource blocks (RBs) allocated by the eNB [3]. In order to apply a comb-structure to the DM-RS, further study on how to achieve this is needed.
· Using a shorter base sequence for comb-structured DM-RSs compared to that for legacy DM-RSs
For instance, when N consecutive RBs are allocated to the PUSCH, the base sequence for a legacy DM-RS for N/2 consecutive RBs is used. In this case, additional mechanisms for a comb-structured DM-RS are necessary for the case when N = 1, 3, 5, … since the base sequence is not defined for 0.5, 1.5, 2.5, … RBs. A possible way to achieve this is to restrict the available number of PUSCH RBs that can be allocated with a comb-structured DM-RS. In the above example, restricting the number of consecutive RBs to N = 2, 4, 6, …, can solve the issue. Since the number of UEs served by a small cell is small and channel frequency-selectivity of each small cell UE may be weak, such restrictions may not be a problem. Another possibility would be to define additional base sequences especially for comb-structured DM-RSs. 
· Puncturing some of DM-RS REs for comb-structured DM-RS
By puncturing REs with a certain periodicity, a comb-structure can be achieved. This does not require additional sequence definition or a resource allocation restriction while achieving the same orthogonality as using the short base sequence described above. One major concern would be an increase in the peak-to-average power ratio (PAPR) or cubic metric (CM) due to the puncturing. However, since small cell UEs are likely to be closer to the receiving cell, the PAPR/CM may not be a big problem.
2. TTI-level sequence group hopping

In our view, SGH is an essential function of LTE/LTE-A for randomization of inter-cell interference in the uplink and it cannot be disabled in a major usage case. Therefore, it is difficult to use OCC-based orthogonality in the current specification. For Rel. 10-11, TTI-level SGH was proposed [6],[7]. Through TTI-level group-hopping, OCC-based orthogonality is available while maintaining an inter-cell interference randomization effect.
Proposal 2: Study for uplink DM-RS enhancements for inter-cell DM-RS orthogonality that target dense small cell deployments.
3.2. Possible Enhancements for Inter-cell DM-RS Randomization in Dense Small Cell Deployment
The DM-RS base sequence and its hopping pattern are determined by physical/virtual cell IDs. The inter-cell DM-RS randomization effect can be achieved by configuring different physical/virtual cell IDs for the neighboring small cells. However, we see that the current range of physical/virtual cell IDs of 0-503 is not sufficient especially for dense small cell deployments [8]. The range should be extended to several tens of times to achieve easy deployment of small cells without strict cell planning. The extended range would be useful to achieve a further randomization effect of the DM-RS. Potential usage cases of the extended values are given hereafter.
1. Additional base sequences

The number of base sequence groups defined in Rels. 8-11 was 30. This is because the base sequence group assignment was designed to support a bandwidth of 3 RBs (36 REs) using a Zadoff-Chu (ZC) sequence. However, for small cell UEs, a wider bandwidth compared to 3 RBs is likely to be allocated because of its good channel conditions and/or its fewer scheduled UEs within a cell. Therefore, for small cell operation, additional base sequences may be allowed assuming that a narrower bandwidth such as 1-3 RBs is not allocated. Such additional base sequences can be configured by extending the range of the physical/virtual cell IDs.
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Figure 3.  Example of additional base sequences
2. Additional sequence group hopping patterns

Another enhancement supported by extending the range of physical/virtual cell IDs could be SGH patterns. Since the SGH pattern is determined by pseudo-random sequence c(i) initialized with 
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, simply extending the range offers additional patterns. However, the current hopping is repeated with 20 slots as the hopping cycle. Due to the short hopping cycle, additional patterns may not work as an effective interference randomization mechanism. Therefore, to utilize the extended range of physical/virtual cell IDs to add SGH patterns, extending the hopping cycle should also be considered.
Observation 4: Current range of physical/virtual cell IDs is not sufficient for dense small cell operation

Proposal 3: Study for extending the range of physical/virtual cell IDs and its usage in dense small cell deployments. The extended range could be utilized to achieve DM-RS randomization among small cells.
3.3. Dynamic Signaling of DR-MS Configuration

During the Rel. 11 uplink CoMP WI, signaling of a virtual cell ID was discussed. In the final agreement, dynamic signaling of virtual cell IDs was precluded and only higher-layer signaling was supported [3]. However, in dense small cell operation, further flexible DM-RS orthogonality such as dynamic signaling would be useful. Dynamically changing the physical/virtual cell IDs may fit well with dynamically fluctuating small cell traffic. Therefore, in the context of small cell enhancement, dynamic signaling of the DM-RS configuration should be studied.
Proposal 4: Study for dynamic signaling of the DM-RS configuration for dense small cell deployments.
4. Summary and Proposal

In this contribution, we discussed potential solutions to mitigate uplink interference among densely deployed small cells. Multi-point power control can coordinate interference by reducing the transmission power of the aggressor UE. Flexible inter-cell orthogonalization/randomization of the DM-RS would also be useful for dense small cell operation. Observations and the points that RAN1 should discuss in the SCE SI are summarized below.
(Observations)

· Observation 1: Multi-point path loss estimation is beneficial for single point reception to reduce interference in addition to Rel. 12 CoMP.

· Observation 2: Multi-point closed-loop power control can be introduced with an eNB implementation. Further mechanisms with feasible complexity are FFS.

· Observation 3: Rel. 10 OCC may not be useful since group-hopping is an essential functionality to randomize inter-cell interference.
· Observation 4: Current range of physical/virtual cell IDs is not sufficient for dense small cell operation

(Proposals)
· Proposal 1: Study for multi-point power control with open-loop and/or closed-loop mechanisms to mitigate interference in dense small cell deployments.
· Proposal 2: Study for uplink DM-RS enhancements for inter-cell DM-RS orthogonality that target dense small cell deployments.
· Proposal 3: Study for extending the range of physical/virtual cell IDs and its usage in dense small cell deployments. The extended range could be utilized to achieve DM-RS randomization among small cells.
· Proposal 4: Study for dynamic signaling of the DM-RS configuration for dense small cell deployments.
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