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1. Introduction 

Hybrid HeNB support and interference management schemes have been discussed in previous RAN2 and RAN4 meetings [1][2][3][4]. In this document, we submit a text proposal based on the discussion in two prior hybrid HeNB documents, one on techniques for hybrid HeNBs [5], and one on performance requirements [6].

--- Begin Text Proposal ---

2. HeNB Scenarios and Techniques
In [3], extensive deployment scenarios of hybrid cells have been discussed. The interference scenarios apply to most of the deployments listed in [3]. 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 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 negotiate 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 negotiate the power setting of this UE such that UL interference could be coordinated. UL control channels of the HO UE 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.

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

1. A 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.
3. 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 [5].   

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
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(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


--- End Text Proposal ---
4. Conclusions

In this contribution, we provided potential performance enhancement with hybrid cells compared to CSG cells, and described techniques for hybrid cells. We recommend RAN4 to incorporate this description in the FDD and TDD HeNB TRs.
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