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1 Introduction
Hybrid cells are being included in the 3GPP release 9 specifications. Several previous contributions on hybrid HeNB support and interference management have been discussed [1-8]. In this document, we submit a text proposal for the TR 36.9xx [9] based on the discussion in several prior hybrid HeNB documents, three on techniques for hybrid HeNBs [2,3,8], and one on performance requirements [1].
2 Text Proposal
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 [6], extensive deployment scenarios of hybrid cells have been discussed. The interference scenarios apply to most of the deployments listed in [6].
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.
7.6.1 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.

7.6.2 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 [8].   

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 [5], 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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(a) CSG cells 










(b) Hybrid cells

Figure 1 C/I for CSG cells and hybrid cells deployments with 8 dBm HeNB Tx power

[image: image3.emf]10

5

10

6

10

7

10

8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE Avg Throughput [bps]

CDF

 

 

no HeNBs

with HeNBs

[image: image4.emf]10

5

10

6

10

7

10

8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE Avg Throughput [bps]

CDF

 

 

no HeNBs

with HeNBs


(a) CSG cells 










(b) Hybrid cells

Figure 2 Throughput for CSG cells and hybrid cells deployments with 8 dBm HeNB Tx power
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(a) CSG cells 










(b) Hybrid cells

Figure 3 C/I for CSG cells and hybrid cells deployments with adaptive HeNB Tx power
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(a) CSG cells 










(b) Hybrid cells

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


7.6.3 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.
7.6.4 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.

3 Conclusions

A TP for the TR 36.9xx is proposed for hybrid cells. 
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