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1. Introduction

RAN1 have received an LS from RAN3 related to the uplink interference scenario for carrier-based ICICI (CB-ICIC) [1]. The material received from RAN3 also includes a technical report with outline of several candidate solutions (labelled 1a to 1e). The problem scenario addressed by these solutions is:
· The scenario considered is that where a macro UE (MUE) interferes in UL with a pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier.

The specific question asked by RAN3 is the following:

· RAN3 would like to ask RAN1 to evaluate the solutions above and to assess whether they are technically feasible and whether they are beneficial with respect to other solutions, e.g. like those pointed in R1-114460. 
In case of such solution(s), are there any particular synchronisation requirement between (aggressor) Macro eNB and (victim) Pico eNB?

In Section 2 we shortly summarize the candidate solutions from RAN3, as well as assess the technical feasibility of those. In particular, we focus on assessing if the solutions require time-synchronization (as asked by RAN3), as well as whether any of the solution candidates require work by RAN1 to potentially have standardized. Here our overall initial conclusion is that the RAN3 identified solutions for CB-ICIC uplink scenarios do not require changes to specifications under RAN1’s responsibility. In Section 3 we present examples of uplink co-channel macro and pico performance results in order to indicate the severity and relevance of the addressed problem. Finally, concluding remarks are summarized in Section 4.

 We recognize that according to latest RAN plenary, RAN3 LSs from the Carrier-based ICIC WI will first be addressed at RAN1#71. Thus, the purpose of this contribution is just to start preparing possible replies to RAN3, and to raise awareness that no detailed work is required by RAN1 to address the questions from RAN3 on CB-ICIC.
2. Feasibility analysis
In the following we address each of the CB-ICIC uplink solutions. We start with short summary of each solution, followed by identification of the corresponding requirements, as well as comment on whether further actions or work is required by RAN1. The main scenario addressed by the RAN3 proposed solutions is summarized in Figure 1 [2]. Note that scenario where pico is placed on coverage hole between macros is also considered although not pictured here.
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Figure 1: UL interference scenario in macro-pico environment, Macro Cell overlapping Pico Cell coverage.
Solution 1a (OI from Pico to Macro + historical scheduling information in Macro)
According to [1]-[2], the basic principle of solution 1a is as follows: “In this solution interfering MUE identification is attempted by the Macro eNB by means of the Uplink Interference Overload Indication IE (UL OI) received from the victim eNB. The UL OI will include new time information about the subframes or absolute time information regarding the experienced interference and is based on stored UE historical scheduling information at the macro eNB.”
It is our understanding that the requirements for this solution to work are:
· Subframe time-synchronization is required.

· The eNB shall be able to perform uplink measurements of the received interference power (RIP) per subframe as well as record past scheduling decisions with the timestamp. All eNBs should use the same time-reference in order be able to correlate the aforementioned information to identify potential MUEs that cause uplink interference. 
· The eNBs should exchange OI on subframe resolution with time stamps

Needed actions and open issues:

· It is implementation specific which measurement to use for triggering OI. However, it is generally assumed that OI is based on average uplink received interference power (RIP) measurements. It is therefore recommended to have asked RAN4’s opinion on the accuracy and feasibility of RIP measurements per subframe per PRB.

· In conclusion, it seems that Solution 1a does not require changes to specifications under RAN1s responsibility. 
Solution 1c: MUE sending a random access preamble to be detected by the non-serving Pico
According to [1]-[2], the basic principle of solution 1c is as follows: “To identify the interfering MUE, it is proposed that the Macro eNB selects some MUEs to perform the non-contention based Random Access procedure using PRACH resources and preambles known to the Macro eNB and the Pico eNB beforehand. The Pico eNB detects the preamble transmissions and forwards the RACH-access-relevant information needed for UE identification to the Macro eNB as well as an indication of the received signal strength of the preambles. The Macro eNB is able to identify MUEs using the received information based on associations established beforehand, and the Macro eNB is able to identify the interfering MUE (s) based on the received signal strength information provided by the Pico eNB.”
It is our understanding that the requirements for this solution to work are:

· Subframe time-synchronization is required.

· The macro eNB needs to inform the pico eNB at which resources to monitor PRACH preambles from macro-UEs, i.e. RAN3 to have defined X2 signalling.
· The pico eNB shall be able detects the preamble transmissions and forwards the RACH-access-relevant information needed for UE identification to the Macro eNB as well as an indication of the received signal strength of the preambles. Thus, this mainly calls for RAN3 work to have defined the corresponding X2 signalling. It is furthermore suggested to consults RAN4 on the feasibility and accuracy of pico eNB to measure PRACH preambles from macro-UEs.
· In conclusion, it seems that Solution 1c does not require changes to specifications under RAN1s responsibility. 

Solution 1d: Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB

According to [1]-[2], the basic principle of solution 1d is as follows: 
“In this solution the Pico eNB detects high uplink interference for UEs on a specific carrier, and deduces that the induced interference is from UE(s) served by neighbour macro eNB(s). It therefore indicates uplink interference overload using the Load Information message over X2 to the neighbour macro eNB. As the macro eNB may not have any indications about which of its served UEs is inducing interference to the Pico base station, the macro eNB configures channel sounding for one or several served UEs. The selection of the MUEs for which such procedure will be applied is restricted to the UE(s) potentially generating interference to the Pico eNB. As an example, selection of potentially interfering UEs may be based on one of the following factors: 

1)
Based on the geometry of MUEs that detected the Pico cell in the past, MUEs in proximity of the Pico cell can be identified;

2)
Comparing the neighbour cells reported by the Pico eNB in the X2 setup messages with the cells reported by MUEs and using this information, together with the MUE geometry; 

3)
Comparing the neighbour cells reported by MUEs when they can detect the Pico cell with the neighbour cells reported by potentially interfering MUEs, together with the MUE geometry. 

The macro base station signals the channel sounding configurations of the potentially interfering UEs to the Pico eNB so that it can initiate the detection mechanisms. The UEs perform the channel sounding transmission, and by monitoring the SRS, the Pico eNB detects the MUE(s). Once the Pico eNB detects the MUE and detects information relative to the channel sounding configuration of such UE, it signals such information to the macro base station, which then is able to identify the interfering UE and to take appropriate measures such as move the UE on different radio resources.”
It is our understanding that the requirements for this solution to work are:

· Both subframe and cyclic prefix (CP) level time-synchronization seems to be required for this solution to work.
· The pico-eNB shall be informed of the SRS configuration of the MUEs, i.e. RAN3 work to have defined the corresponding X2 signalling.

· Pico eNB shall measure SRS from macro-UEs. The feasibility and accuracy of such measurements are best assessed by RAN4.
· In conclusion, it seems that Solution 1d does not require changes to specifications under RAN1s responsibility.
Solution 1e: Uplink MUE DMRS sounding detected by non-serving Pico eNB
According to [1]-[2], the basic principle of solution 1e is as follows: “The Macro eNB, in order to be assisted in identifying which of its served MUEs are inducing interference to the Pico node, signals to the Pico the uplink radio resources allocated to potentially interfering MUEs (in terms of TTI, allocated PRBs, DMRS configuration and possibly other FFS parameters like MUE’s Timing Advance etc). Once the Pico eNB detects the MUEs uplink signal, it signals the relevant information (TTI, allocated PRBs, DMRS configuration and interference level) back to the Macro eNB, which is then able to identify the interfering MUEs and take appropriate counter-measures for interference mitigation. As in the SRS based method, the selection at the Macro eNB of the MUEs potentially interfering the Pico eNB may be based on the neighbour cells reported by the MUEs. The overall mechanism is transparent to UEs.”
It is our understanding that the requirements for this solution to work are:

· Both subframe and CP level time-synchronization seems to be required for this solution to work.

· The macro eNB should signal to the Pico the uplink radio resources allocated to potentially interfering MUEs (in terms of TTI, allocated PRBs, DMRS configuration and possibly other FFS parameters like MUE’s Timing Advance etc). This is RAN3 work to have defined corresponding X2 signaling.
· Once the Pico eNB detects the MUEs uplink signal, it signals the relevant information (TTI, allocated PRBs, DMRS configuration and interference level) back to the Macro eNB, i.e. this is also RAN3 work to have defined corresponding X2 signaling.

· The pico eNB should be able to monitor / detect the signals from MUEs. Here there are some “FFS” mentioned in the RAN3 defined solutions that requires further clarification. Thus, to be discussed if this is work for RAN1. Secondly, RAN4 may have to be involved to address pico eNB measurement requirements & accuracy of signals from MUEs (e.g. DMRS). 
3. Performance evaluation (Benefit analysis)
The uplink performance of co-channel macro and pico strongly depends on the configuration of the power control parameters such as Po and Alpha (path-loss compensation factor). In order to illustrate this behaviour, a series of simulations have been conducted according to standard 3GPP simulations with 4 picos per macro cell area (see summary of parameter settings in Appendix A). The performance results in terms of 5%-ile and 50%-ile UE throughput is reported in Figure 2. Here the open loop power control parameters for the macro-layer is fixed at Po=-90 dBm and Alpha=0.9, while the power control parameters are varied for the pico-layer. It is observed from Figure 2 that the performance varies significantly depending on the setting of the power control parameters. The best performance is obviously obtained by using different power control settings at the macro and pico layer. If sub-optimal power control settings are used, the end-user performance can be heavily affected. More elaborate discussions on uplink power control optimization options are available in [5].
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Figure 2: Pico UEs throughput performance for various pico power control parameters and fixed macro power control parameters. Curves represent equal alpha-pico for various pico Po [dBm]. Macro-layer power control parameters were: alpha=0.9, Po=-90[dBm] and CRE=9dB.
The cumulative distribution function (cdf) of the end-user throughput at the macro and pico layer is reported in Figure 3 for the optimal power control setting, i.e. assuming Po=-90 dBm and Alpa=0.9 for the macro-layer and Po=-80 dBm,  Alpha=0.8 and CRE=9 dB for the pico-layer. It is observed from Figure 3 that the user throughput is generally higher for the terminals on the pico-layer, and thus indicating that those users do not suffer significantly from macro-layer interference. 
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Figure 3: Macro and Pico UE throughput cdf for optimized power control parameters.
For additional information, the experienced interference over thermal (IoT) at the pico is reported in Figure 4 for different settings of the pico range extension (RE) offset.
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Figure 4: IoT level on pico eNBs for various RE offsets
In order to further assess the scale of the problem addressed by solutions 1a-1d, we have quantified the percentage macro-UEs located near the pico cell boarder. In this simple analysis, we are considering three different regions as illustrated in Figure 5, defined as follows: 
· Region A: UEs able to detect the pico eNB, including those served by pico eNB (RSRPpico>RSRPmacro -6dB) 

· Region B: UEs unable to detect pico, but still being closer to pico than to macro in terms of pathloss (RSRPmacro-6dB >RSRPpico > RSRPmacro-16dB)
· Region C: UEs closer to macro  (RSRPpico<RSRPmacro -16dB) 
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Figure 5: Regions around pico cell located on the macro cell area. 
Given the considered simulation assumptions (see Appendix A), the percentage of UEs in the different regions is reported in Table 1. Here it is observed that the percentage of UEs in region B I non-negligible, thus meaning that for cases with non-optimized power control settings.

Table 1. Percentage of UEs in Regions A, B and C.
	Region
	Percentage of UEs

	Region A (UEs closer to pico)
	55%

	Region B (UEs closer to pico, but unable to detect pico. Potential aggressor MUEs)
	27%

	Region C (UEs closer to the Macro)
	18%


In summary, we draw the following main observations from the presented performance results:
· With optimized configuration of uplink power control parameters (using different settings for macro and pico), good uplink performance is achieved without having pico-UEs suffer from strong macro interference.
· The percentage of macro-UEs unable to detect pico, while being near the pico-cell border, is non-negligible. Thus, having mechanisms for identifying potential macro-UEs causing high interference for a pico could be relevant if uplink power control parameters are not properly set.
· Thus, the proposed solutions 1a-1e may be used as input for further optimizing uplink power control settings for cases where those are initially parameterized non-optimally. Details are for further study.   
4. Concluding remarks
Based on the initial feasibility analysis of the proposed RAN3 candidate solutions, we draw the following overall conclusions:
· The proposed solutions require at least subframe level time-synchronization. Solutions 1d and 1e seem to also require accurate CP level time-synchronization to work in practice.
· None of the presented solutions seem to require changes to specifications under RAN1’s responsibility, so in principle no additional work required by RAN1.
· Several of the solutions rely on pico-eNB measurements such as; (1a) received interference power per subframe, (1c) PRACH preambles from macro-UEs, (1d) SRS from macro-UEs, (1e) DMRS from macro-UEs. As the performance benefits and feasibility of the solutions heavily depends on the available and accuracy of these pico-eNB measurements, it is recommend that RAN3 contact RAN4 to have addressed the requirements and accuracy of such measurements.
Based on the presented performance results, we make the following observations:
· With optimized configuration of uplink power control parameters (using different settings for macro and pico), good uplink performance is achieved without having pico-UEs suffer from strong macro interference.

· The percentage of macro-UEs unable to detect pico, while being near the pico-cell boarder, is non-negligible. Thus, having mechanisms for identifying potential macro-UEs causing high interference for a pico could be relevant if uplink power control parameters are not properly set.
· Thus, the proposed solutions 1a-1e may be used as input for further optimizing uplink power control settings for cases where those are initially parameterized non-optimally. Details are for further study.   
5. References

[1]
 R3-121453 “LS on UL Interference for CB ICIC”
[2]  TR R3-024 version 03, “Carrier-based HetNet ICIC use cases and solutions”[3]  3GPP TS 36.133 Evolved 
       Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio 
       resource management, ver.11.0.0, March 2012
[4]  3GPP TS 36.423 Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 Application Protocol 
       (X2AP), 11.1.0, July 2012
[5]  R1-112381 “Uplink co-channel HetNet performance and PC optimization” Nokia Siemens Networks, Nokia
[6]
 3GPP TR 36.814 Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA 
       physical layer aspects, v.9.0.0 March 2010
Appendix A – detailed simulation assumptions

	Scenario
	Macro+pico network

	Macro network
	Hexagonal grid with 500m inter-site distance

	Number of pico nodes
	4 per macro cell

	UE deployment
	2/3 of UEs in hotspots (4b deployment [6])

	DL power
	Macro: 46dBm

Pico: 30dBm

	UL PC parameters
	Macro UEs: alpha= 0.9; P0 = -90 dBm
Pico UEs: alpha = 0.8; P0 = -80 dBm

	Traffic type
	Full buffer

	Packet scheduling
	Proportional fair

	Antenna configuration
	1x2
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