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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1 Scope

This document is a technical report of the work item on FDD Home eNodeB RF Requirements [1].  The goal of this technical report is to satisfy the two objectives of the work item, which are reproduced below,
Objective 1

The existing E-UTRA BS class does not fully address the RF requirements of the HeNB application.  Correspondingly, Objective 1 is to specify the RF requirements for the Home eNodeB in TS 36.104, where the work done for the HNB can be taken as a basis.

Furthermore, the test specification TS 36.141 would need to be updated accordingly.

It is foreseen that the HeNB-specific additions to TS 36.104 / 36.141 can be accommodated in a manner similar to that accomplished for the UTRA HNB.

Objective 2

TR 25.820 showed that for the CSG HNB there are occasions where overall system performance may be enhanced by controlling the HNB output power dependent on the strength of signal from the macro cell layer and from other HNB.  Control of CSG HNB output power mitigates interference to the macro layer and other CSG HNB.  Correspondingly, it is expected that similar observations may be made for the HeNB.  Objective 2 is to ensure that operators have the ability to achieve control of HeNB power; in particular, the work should cover but not be limited by the following, 

· The operator has the means to obtain measurements of the strength of signals and the identity (to allow macro neighbour cell list building) from the macro cell layer and from other HeNBs. Measurements may be made by the HeNB or may make use of existing measurements defined for the UE; no new UE measurements will be defined.  

· The operator has the means to set the maximum output power of the HeNB, this is expected to introduce changes to TS 36.104.  

· The operator has guidance on how to control HeNB power and expected performance levels in the relevant scenarios.  There are additional factors that may be controlled in E-UTRA in comparison with UTRA, such as variable bandwidth and allocation of radio sub-carriers; work will be conducted to investigate if similar mechanisms may be used for controlling HeNB resource allocation versus the macro cell layer and versus other HeNBs.  Additionally, mechanisms may be applied to control HeNB coverage in the case of open access HeNB.
As objective 2 of the work item is to create a published document to provide guidance to operators it is necessary to issue a TR in the 900 series.  To avoid administrative overhead this TR will also be used to document any other output from this work item.
2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1] RP-081080, RAN4 work item description, “LTE FDD Home eNodeB RF Requirements”
[2] 3GPP TR 21.905: Vocabulary for 3GPP Specifications
[3] R4-093439, ”Way forward on HeNB interference management,” CMCC, NTT Docomo, Picochip, Motorola, Qualcomm Europe, Kyocera, Institute for Information Industry, Alcatel Lucent, CATT. 
[4] R4-093349, Femtocell and Macrocell interference coordination based on SFR, Motorola
[5] R4-092504, “LTE HeNB Interference studies:  Hybrid cell deployment scenarios,” Vodafone, et al.
[6] R2-092083, “Support for hybrid home base stations”, Ericsson
[7] R4-092498, “Hybrid HeNB Interference Scenarios and Techniques,” Qualcomm Europe
3 Definitions, symbols and abbreviations

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].
3.1

Definitions

3.2

Symbols
3.3

Abbreviations

HeNB
Home Enhanced Node B     

HNB
Home NodeB

4 General
As agreed in the work item proposal [1]:

Within the course of increasing terminal penetration and fixed-mobile convergence, an upcoming demand for LTE Home eNodeBs is observed to provide attractive services and data rates in home environments.

E-UTRAN was developed and defined under the assumption of coordinated network deployment whereas home eNodeBs are typically associated with uncoordinated and large scale deployment.

Aim of this work item is to amend the E-UTRAN eNodeB related RF specifications and base the work on the experience gathered in the RAN4 specific part of TR 25.820 to support the Home eNodeBs application.  No changes to the UE RF specifications are foreseen.

The scope of this work item is limited to the E-UTRA FDD mode.

The interference analysis can be expected to be similar to that conducted for UTRA so the conclusions from that work would be expected to broadly apply to E-UTRA as well.
4.1 
Task description
4.1.1 HeNB Class definition

The purpose of this work is to update the radio performance requirement specification TS 36.104, further work required to agree on new parameter values will be documented in the TR and the updates required in test specification TS 36.141 will be documented. 
4.1.2 HeNB measurements and adaptation 

The purpose of this work item is to ensure that operators have necessary information about how to adjust the output transmission power of HeNB as a function of the signal strength from the macro cell layer, and/or from other HeNBs,  in order to enhance overall system performance.  

In order to achieve this, (at least) the following areas should be addressed:

1) Guidance on how to control HeNB power

a. The intention is to provide guidance to operators on possible strategies and expected performance in typical exemplary deployment scenarios.  

b. Is it possible to have the same mechanism to control HeNB output power with respect to the macro cell layer, other surrounding HeNBs, and in the case of HeNB coverage control for open access HeNB.

c. It is not the intention to mandate HeNB behaviour.

2) Measurements of surrounding environment (i.e. macro and other HeNBs signal strength)

a. Issues to address include factors that govern accuracy and timeliness of the suggested measurements, and the ability to identify the macro neighbour cell list. 

b. It is not the intention to restrict the vendor’s scope about how to perform measurements.  

c. It is envisaged that measurements will be performed directly by the HeNB or by employing the UEs  attached to the HeNB, using existing UE defined measurements.

3) Mechanism to set maximum power

a. Issues to address include accuracy and timeliness of HeNB maximum power setting.

b. It is not the intention to restrict the vendor’s scope about how to process measurements.

c. It is not the intention to restrict the vendor’s scope about which network element the measurements may be processed in. 

d. It is not the intention to restrict to which network entities measurements are reported.  However, it is not envisaged that new signalling will be standardised to support this.

4) Mechanism to adjust HeNB uplink.

a. Issues to address include possibility to adjust uplink noise rise target.

b. It is not the intention to restrict the vendor’s scope about what actions may be taken regarding HeNB uplink. 
5 Radio scenarios

5.1 Deployment configurations

5.2 Interference scenarios

6 HeNB Class definition

7 Guidance on How to Control HeNB Interference
7.1 HeNB Measurements
7.2 Control of HeNB Downlink Interference
7.2.1 Control Channel Protection

Several techniques have been considered for data interference management (see [3] for a list of some of these techniques). However control channel interference management is equally important since improved data SINR is not useful if the UEs cannot receive control channels. Thus, it is vital to have techniques that address control channel interference.  

Downlink control channel (PDCCH) interference can occur in two directions in co-channel HeNB deployments.

· HeNB (aggressor) to macro-UE (victim), and

· macro-eNB (aggressor) to HUE (victim) if the UE is connected to a weaker HeNB cell (e.g. to access local information at the HeNB).

This can lead to problems both in connected mode and in idle mode such as:

1. UE being unable to reliably decode paging channel resulting in missed pages and therefore a user’s inability to receive UE-terminated calls,
2. UE being unable to read common control channels, and
3. throughput degradation or degraded PDSCH performance.
The following are some of the techniques that could be used for control channel protection. It should be noted that some of these aspects may require UE implementation changes and should be considered for Rel 10 and beyond. It is possible that these methods offer gains for Rel 8/9 UEs; however, this needs to be studied further.  
7.2.1.1

Time shifting for overlapped carriers with frame time shifting at symbol level
7.2.1.1.1
Time shifting at symbol level
This technique is applicable when the HeNB and the eNB are time-synchronized. This approach uses time shifting of HeNB transmission by k symbols (i.e. to avoid overlap with macro-eNB control region size k) relative to macro-eNB downlink frame timing and uses HeNB/macro-eNB power reduction or muting on the portion of a symbol (or symbols) that overlap the control region of macro-eNB/HeNB (see Figure 7.2.1.1).  The HeNB (macro-eNB) could also use power reduction on all the RBs (i.e. say 25 RBs) overlapping the macro-eNB (HeNB) control region to improve PDSCH performance for macro-eNB (HeNB). A single OFDM symbol HeNB control region (n = 1) is preferred for PDSCH efficiency which leaves 5 CCEs for HeNB control channels which should be sufficient for HeNB control signaling. However the use of all allowed symbols for control is not precluded.  
Due to the time shift of HeNB transmissions, the last k symbols of the HeNB PDSCH region would see interference from the macro-eNB control region. In a similar way, some symbols in the PDSCH region of macro-eNB would see interference from a HeNB. The HeNB PDSCH overlap with macro-eNB control region could be further mitigated by either 
a) using truncation so that only 14-n-k symbols would be used for HeNB PDSCH or 
b) not using truncation (i.e, using 14-n symbols) but accounting for the overlap via link adaptation including resource allocation and MCS selection. 
In Figure 7.2.1.1, a subframe shift plus two symbol shift (k = 16) is shown where the HeNB SCH/PBCH do not overlap with macro-eNB SCH/PBCH.  Then HeNB (macro-eNB) would have to mute or attenuate its PDSCH symbol(s) overlapping the macro-eNB (HeNB) control region and would also attenuate or mute RBs or just the overlapping REs that overlap on the HeNB PBCH and SCH. If attenuation or muting is carried on a PRB level (by scheduling only close-by UEs or not scheduling any UEs in 6 PRBs respectively), scheduling can be conducted as normal and therefore, there are no Rel-8 backwards compatibility issues.  
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Figure 7.2.1.1
Time-shift HeNB frame timing by k = 16 OFDM symbols relative to macro-eNB timing

7.2.1.1.2     Carrier offsetting (possibly in addition to frame time shifting)
The HeNB carrier frequency can be offset from the macro-eNB carrier by 6 RBs or more in order to mitigate SCH/PBCH interference from macro-eNB. This is suitable when the HeNB downlink bandwidth is smaller than the macro-eNB downlink bandwidth (eg. 5 MHz HeNBs are deployed within a 10 or 20 MHz macro-eNB overlay). This avoids interference from HeNB (macro-eNB) to macro-eNB (HeNB) SCH/PBCH, if the HeNB (macro-eNB) were to reduce power or mute six RBs overlapping with the macro-eNB (HeNB) SCH/PBCH. Carrier offsetting could also be used in conjunction with frame time shifting, as seen in Figure 7.2.1.2. 
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Figure 7.2.1.2
Time-shift HeNB frame timing by k = 2 OFDM symbols and offset the HeNB carrier by 6 PRBs (1.08 MHz) relative to macro-eNB timing and carrier respectively
7.2.1.2

Carrier offsetting or frequency partitioning with per-subband interference estimation

Frequency partitioning, or carrier offsetting, where HeNBs are confined to use only a part of the bandwidth can be used to mitigate interference problems. This scenario is shown in Fig. 7.2.1.2-1. By using scheduling techniques that would avoid data transmissions on those parts of the bandwidth, the levels of interference as seen at the receiver can be reduced. This could resolve the interference problem for the data transmissions, however, control channels such as PDCCH that span the entire bandwidth would still be affected.
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Fig. 7.2.1.2-1 Partial Bandwidth Coexistence
The effects of the high interference seen in one of the subbands can be mitigated if the interference estimation is done on a per-subband basis. This would confine the influence of the interference only to that subband and not allow it to affect the entire bandwidth. This in turn would mean that only some of the coded bits are affected. When wideband interference estimation is used, all the bits are affected and the probability of successfully decoding the message decreases. Assuming sufficient number of CCEs are used (i.e., enough code protection), the PDCCH BLER performance would be slightly degraded. But the transmission would likely be reliable enough not to significantly affect normal operation. 

To illustrate the performance of this scheme, some simulation results are given. A simulation was performed to evaluate the impact on control channel performance of high interference on one of the subbands. Results for the cases of per-subband interference estimation and wideband interference estimation are presented.
The simulation considers a HeNB that uses one fourth of the bandwidth of the macro as shown in Fig. 7.2.1.2-1. A UE connected to a macro-eNB and receiving PDCCH transmission from it, sees high interference on one of the subbands. The level of interference is varied as a parameter relative to the noise level. The PDCCH error rate is compared for the cases when wideband interference estimation and per-subband interference estimation are used. The simulation parameters are given in Table 7.2.1.2. Only the results for 4 CCE PDCCH are given here but similar results were observed for other PDCCH sizes.
Table 7.2.1.2: Simulation parameters used

	Parameter
	Assumption

	Information payload size
	40 bits

	Coding
	1/3 rate TBCC with rate matching

	Macro Bandwidth
	5 MHz

	HeNB bandwidth
	1/4 of macro Bandwidth

	Channel model
	TU, 3km/h

	Channel estimation
	2-D MMSE channel estimation

	Interference estimation
	Ideal
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Fig. 7.2.1.4.2 4
CCE PDCCH BLER with wideband interference estimation                                                                     
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Fig.7.2.1.4.3 4
CCE PDCCH  BLER with subband interference estimation

7.2.2 Data Channel Protection
7.2.3 Control of HeNB Downlink Interference towards macro eNB data channels by frequency partition
Frequency partition between Macro eNB and HeNB can be utilized to mitigate the interference from HeNB to Macro eNB. HeNB can get frequency partition information of its neighbor Macro eNB through air link measurement if additional receiver is enabled on HeNB. Alternatively, a semi-static scheme can be adopted if a pre-configuration of the frequency partition can be determined by Macro eNB management server. For example, Macro eNB will schedule resource blocks to Macro UE based on its location. When HeNB gets its own location information, it will know which resource blocks will be assigned to a nearby macro UE.

With the knowledge of the frequency partition information [4], for example, HeNB knows which set of resource blocks will be used for Macro eNB cell center users (CCU), and which set of resource blocks will be used for Macrocell cell edge users (CEU), HeNB can coordinate its transmission to avoid its interference to nearby Macro UE by giving high scheduling priority to resource blocks not used by the nearby Macro UE. For example, if HeNB is located at the edge of the Macro eNB, HeNB will give higher priority to resource blocks used by macro center UEs for downlink transmission.  If HeNB is located at the center of the Macro eNB, HeNB will give higher priority to resource blocks used by macro edge UEs for downlink transmission as shown in Figure 7.2.2.1.

[image: image8]
Figure 7.2.2.1
Examples of HeNB and macro UE location

7.2.4 Control of HeNB Downlink Interference among neighboring HeNBs
When powered on, a HeNB listens to neighboring HeNBs’ control channel and reference signal transmissions, determines the cell ID of each neighboring HeNB and measures the path loss from each of them. 
The centralized coordinator can form an adjacency graph of all HeNBs based on the reports from each HeNB.

Each HeNB estimates the fraction of time it needs to transmit according to the traffic load and channel conditions of its UEs, and reports this ratio to the centralized controller via S1 signaling. 
· For mixed traffic with both delay sensitive traffic and delay tolerant traffic, two ratios which correspond to both traffic types will be reported.

·  Each HeNB needs to update its report when at least one of the following event happens:

· New traffic session initiation

· UE channel condition variation over a pre-defined threshold 
Given the adjacency graph and the reported ratios from each HeNB, the centralized coordinator determines the subframes that each HeNB is allowed to transmit, and notifies each HeNB of its transmission pattern via S1 signaling.

A HeNB needs to properly configure DRX parameters of its UEs according to the transmission pattern notified by the centralized coordinator. 
Note that the S1 signaling load between HeNBs and the centralized coordinator could be large if the number of HeNB connections per coordinator is significant. To reduce S1 signaling, it is preferable to limit the number of HeNB reports to the centralized coordinator. For example, the centralized coordinator can assign a HeNB a lot more resources than it actually needs, and the HeNB will not send a report to the centralized controller unless it uses up all the assigned resources. As HeNBs are generally lightly loaded, a HeNB may rarely send a report if it is assigned a large fraction of resources (i.e. sub-frames).

7.2.5 Power Control
7.3 Control of HeNB Uplink Interference
7.3.1 Control Channel Protection
HeNB Uplink Control Channel Protection
In the uplink, physical uplink control channel (PUCCH) interference from

· HUE (aggressor) to macro-eNB (victim), 

· MUE (aggressor) to HeNB (victim), and

· HUE (aggressor) to HeNB (victim)

can be mitigated by enabling orthogonal transmissions. Uplink control signaling (PUCCH, CQI) reliability can be maintained for both HeNBs and macro-eNBs by making use of PUCCH offsets for enabling orthogonal PUCCH assignments between the HeNB and macro-eNB users. For PUCCH transmissions, over-provisioning can be made use of to ensure orthogonality of control channels between a HeNB UE and a macro-eNB UE as shown in Figure 7.3.3.1. It is possible to employ this method for Release-8  UEs without changing the physical layer design or RAN2 signaling. 
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Figure 7.3.3.1
UL control interference mitigation by PUCCH orthogonalization

Signaling offset over the backhaul

It would be desirable for the macro-eNB to signal an offset to all HeNBs within its coverage area in order that transmissions from UEs connected to HeNBs do not cause interference at the macro-eNB receiver (e.g., a HeNB deployed in close range of a macro-eNB). Conversely, a macro-eNB UE that is at the cell edge and therefore transmitting close to its maximum transmit power can interfere severely with a HeNB UE and the signaled offset can be made use of to mitigate interference. Alternately, a HeNB gateway can signal over S1, the offsets that each HeNB should use, thus providing the capability of configuring orthogonal PUCCH transmissions in neighboring HeNBs thereby avoiding HeNB (aggressor) to HeNB (victim) interference on the uplink. 

One option for the HeNBs is to not allocate PUCCH resources on edge RBs as shown in Fig. 7.x.1 using over-provisioning. A typical macro-eNB deployment is likely to have PUCCH transmission on the band-edges to maximize the number of contiguous RBs that can be allocated to PUSCH. However, unlike macro-eNBs, utilizing the full uplink bandwidth may not be critical for HeNBs as they serve only a few users at a time. Therefore, the PUCCH resources in HeNBs can be “pulled” inward.  The edge RBs not used by the HeNBs can be used by the macro-eNB for PUCCH for its UEs. Also, the macro-eNB, being aware of the RBs used by HeNBs in its coverage area, can schedule some users (e.g. UEs close to the macro and not near any HeNB) on RBs that overlap with HeNB UE PUCCH region. This results in reduced interference from macro-eNB UEs to HeNB UE PUCCH. 

7.3.2 Data Channel Protection
7.3.3 Power Control
7.4 HeNB Self-configuration

7.5 Control of HeNB Converage

7.6 Hybrid Cells

Hybrid cells are being included in the 3GPP release 9 specifications. Hybrid HeNBs may provide different service levels to UEs that are members of the HeNB and non-member UEs. In [5], extensive deployment scenarios of hybrid cells have been discussed. The interference scenarios apply to most of the deployments listed in [5].

For the scenario where HeNBs are on a shared carrier with eNBs, the interference management considerations are different between closed and hybrid access modes. For the closed access mode the used HeNB resources (e.g. power, RBs) are selected as a trade-off between performance at the HeNB/HUEs and interference caused to the macro eNB/MUEs. For the hybrid access mode the trade-off is between overall system performance (including both macro eNB and HeNB layers), and resources consumed at the HeNB by “visiting” (i.e. non-CSG member) UEs. These aspects are considered in more detail in the following sub-sections.

7.7 Hybrid Access Level of Service
Hybrid HeNB may provide different service levels to UEs that are members of the HeNB and non-member UEs. The lowest level of services is paging service, where a hybrid cell allows a non-member UE to access the cell to receive pages. A paging only hybrid cell is an interesting alternative to pure CSG cells. Since CSG cells have separate PCID space, switching between CSG and hybrid mode would have impact on both idle state and connected state home UEs. On the contrary, a hybrid cell could with paging-only service provides similar functionality as a CSG cell without incurring CSG-hybrid switching penalty. 

If a hybrid cell only provides paging services to non-member UEs, data channel interference is similar to CSG HeNBs. The difference is that the hybrid cell has more information about the victim UE than a CSG cell. When the hybrid cell decides to handover (HO) the UE to a macro cell, interference coordination could be negotiated with the macro as part of the HO procedure. Some examples, are:

1.
DL interference: The hybrid cell could reduce transmit power such that the UE handed over to the target cell has sufficient DL C/I to receive DL control channels from the target cell. The hybrid cell could also engage in fractional frequency reuse (FFR) with the target cell to enhance DL data rate of the victim UE.

2.
UL interference: A hybrid cell and HO target cell could choose the power setting of this UE such that UL interference could be coordinated. UL control channels of the HO sUE could also be orthogonalized with the PUCCH of the source hybrid cell. UL data channel coordination through UL FFR could be configured on a semi-static basis.

Note that hybrid cells also have additional information on the channel quality of active UEs. Hence the adjustment made at the hybrid cell could fully take into account on the impact to ongoing traffic. In some extreme scenarios, hybrid cell could handover both the member UEs and non-member UEs to the  macro cell.

If a hybrid cell provides data services to non-member UEs, the hybrid HeNB is similar to a pico cell with lower Tx power and different service level for members and non-members. In addition, a hybrid HeNB is different from a operator deployed pico cell in the following areas

1.
A release 9 hybrid HeNB does not support X2 interface.
2.
A hybrid HeNB could be customer deployed without proper RF planning

3.
The density of hybrid HeNB could have much high density than operator deployed pico cells.

Given the challenges mentioned above, non-Rel-8 interference coordination schemes should be investigated for hybrid cells.

7.8 DL Performance Evaluation
Full buffer performance analysis is performed for CSG and hybrid HeNB deployments. The dense-urban model corresponds to to densely-populated areas where there are multi-floor apartment buildings with smaller size apartment units as described in [7].   

The set of simulation parameters are shown below:

· System bandwidth 5 MHz

· Macro Power = 43dBm
· HeNB power between [-10 dBm, 10 dBm].

· Case 1, the HeNB power is fixed to 8 dBm

· Case 2, the adaptive HeNB power setting is used to reduce the MUE outage
· ISD of 1km

· Noise power = -99dBm

· 57 cell wrap around model with 3 center cells simulated for traffic

· 10 macro UEs per cell

· HeNB penetration rate of 5%, and activity factor of 13%, this leads to 12 active home UEs per cell

The association algorithm in all cases is based on the best RSRQ among allowed cells. In the case of CSG cells, UEs are only allowed to associate with the macro cell or the HeNB in the same CSG group. In the case of hybrid cells, all cells are open.

The C/I and throughput distribution for CSG and hybrid cells are shown in Figures 1 to 4. As shown in [6], adaptive power control could reduce outage for CSG cells. In the case of hybrid cells, there is no outage even without adaptive power control due to open association. Note that if different service levels are enforced for group member and non-group members, the fairness could be different from those shown in the figures. 

Key mobile statistics (outage, 20% throughput and median throughput) are shown in Table 1. It is noted that hybrid cells improve the outage and edge user performance, while making little difference in high throughput region. This is consistent with the expectation that with hybrid cells, the network would be able to offload macro UEs in poor channel conditions to close by hybrid cells. It is also interesting to note that the improvements due to hybrid cell is much higher when adaptive HeNB power control is not available (800% gain versus 60% gain).

Note that backhaul limitation of CSG and hybrid cells are not modeled in the simulations. For practical deployments, users close by a hybrid cell is likely to be backhaul limited rather than air-interface limited.
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Figure 1 C/I for CSG cells and hybrid cells deployments with 8 dBm HeNB Tx power
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Figure 2 Throughput for CSG cells and hybrid cells deployments with 8 dBm HeNB Tx power
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Figure 3 C/I for CSG cells and hybrid cells deployments with adaptive HeNB Tx power
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Figure 4 Throughput for CSG cells and hybrid cells deployments with adaptive HeNB Tx power

Table 1 Summary of results

	
	Outage Probability 

(SNR < -6 dB)
	Worst 20% mobile throughput (kbps)
	Median throughput (kbps)

	No HeNB
	12.7%
	35
	150

	CSG HeNB with fixed Tx power of 8 dBm
	18.9%
	100
	5600

	CSG HeNB with adaptive Tx power
	9.8 %
	250
	3300

	Hybrid HeNB with fixed Tx power of 8 dBm
	2%
	900
	5100

	Hybrid HeNB with adaptive Tx power
	3%
	400
	3400


7.9 Hybrid Cell RB Resource Management
For hybrid cells, non-CSG members consume RB resources at the HeNB, the amount of which will depend on the number of non-CSG UEs and the service level provided to the non-CSG UEs. One possible method of managing the RB resources used at a HeNB for non-CSG UEs is to reserve some RB resources for use by non-CSG UEs.

In hybrid access mode, if a HeNB accepts non-CSG members as temporary users, it would degrade CSG members’ capacity similar to the open access HeNB. Moreover, when HeNB is under heavily loading, non-CSG UEs may be blocked first and diverted to macro eNBs. These diverted non-CSG UEs that are still within the coverage of the hybrid access HeNB may experience strong interferences from the HeNB.
In order to manage RB resource and mitigate the DL interference of the hybrid cells, a method called “Resource Priority Region (RPR)” may be used which guarantees a small percentage of HeNB resources for non-CSG members. 
The RPR for the hybrid access HeNB divides radio resources of a HeNB into two regions for non-CSG members and CSG members respectively. The detailed definitions for each resource region are:

1. Non-CSG member priority region - non-CSG members have higher priority than CSG members.

2. CSG member priority region - CSG members have higher priority than non-CSG members.
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Fig.X Resource Priority Region
A threshold – Priority Region Threshold (PRT) is set to separate resources between two priority regions. The PRT could be a time or physical resource block (PRB) in radio frames, and PRT could be statically or dynamically adjusted by exchanging ICIC messages between HeNB and macro eNB. The HeNB could autonomously define the threshold for release 9, and further enhancements allowing the threshold to be adapted e.g. based on S1 signaling could be considered for release 10.
The hybrid access HeNB with RPR efficiently decreases the blocking probability to non-CSG members when HeNB is exhausting its resource. Also, this method guarantees the CSG members throughput that HeNB are not affected by sharing the resource with non-CSG members.
7.10 Hybrid Cell Power Management
The optimum power setting for hybrid cells is likely to be different than for closed cells, in that for closed cells the power is set as a compromise between HeNB coverage and interference caused to neighbour “victim” cells, whereas for hybrid HeNB it is set as a compromise between overall system performance versus resources used at the HeNB by non-CSG UEs. 

Measurements made by the HeNB of neighbour cells (“sniffing”) can be used to set an appropriate downlink power. However the propagation conditions between a neighbouring (H)eNB and its associated UEs may differ significantly from the propagation conditions between a neighbouring (H)eNB and the HeNB as measured during “sniffing”. Furthermore the propagation conditions between the HeNB and nearby non-served UEs will not be known. These differences will result in uncertainty when estimating the coverage of HeNB and neighbouring (H)eNBs to non-served UEs. 

One potential way to allow a hybrid access mode HeNB to get a more accurate picture of its local environment is for the HeNB to request a UE to measure RSRP and/or RSRQ of both source and target cells immediately after a UE hands-in (active state) or registers with (idle state) the HeNB. This would apply particularly to non-CSG UEs but could also apply to CSG UEs. In this way the HeNB could, for example, determine if the hand-in or re-selection is a) due to poor signal level from the source (e.g. macro) cell or b) due to high interference from the HeNB.  This would then allow the HeNB to determine its output power appropriately. For example if the signal is particularly poor on the source (e.g. macro) cell, the HeNB could use a relatively high power and/or provide relatively high access priorities for non CSG UEs, compared to the case where the signal level on the source cell is not so poor. 

This basic approach would require no standards changes. Future standards releases could consider more sophisticated approaches aimed at improved performance e.g. based on UE storing measurement reports and/or events prior to a hand-in or reselection of a HeNB, with subsequent reporting to the HeNB.

8 Interference Tests
9  Conclusions
A Annex (informative):
Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	2009-03
	RAN4#50bis
	R4-091448
	
	
	TR Skeleton
	
	0.0.1

	2009-11
	RAN4#53
	XXXX
	
	
	Agreed TPs in RAN4#53:

R4-094948, Text Proposal for Downlink Control Channel Interference Mitigation: FDD
R4-094949, Text Proposal for Uplink Control Channel Interference Mitigation: FDD
R4-094831, Text Proposal for TR36.9xx: Hybrid Cells
R4-094961, Text Proposal for TR 36.9xx Reducing HeNB interference towards micro eNB data channels
R4-094963, Text Proposal for TR 36.9xx: Downlink interference mitigation among neighbouring  HeNBs
	0.0.1
	0.2.0

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Macro eNB





HeNBl





Macro eNB





HeNB





(a)





(b)





a CCU





a CEU








[image: image1.jpg]


[image: image19.emf][image: image20.emf][image: image21.emf][image: image22.emf][image: image23.emf][image: image24.emf][image: image25.emf]