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1 Introduction

During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. In this contribution we provide a text proposal on Type 3i receiver performance in the spatial reuse mode of combined cell to the Technical Report [2]. Currently, tables 58 and 59 in [2] are based on [3], which evaluated the Type 3 receiver performance. Additionally, Table 60 captures the Type 3i receiver performance based on [4]. During RAN1#74bis, additional results for the Type 3i receiver based on [5] were proposed to be included in [2]. However, it was suggested that results in terms of absolute throughput number are included along with the relative performance gains. Furthermore, it was suggested that results for other channel models should also be included. These changes make the new results more consistent in format with the existing results captured in Table 60. This new text proposal incorporates the recommendation from RAN1#74bis. It complements the existing results captured by the rapporteur in the draft Technical Report [2].

2
Text Proposal

[-------------------------------------------------TEXT START -----------------------------------------------]
7.3

Combined cell
[…]

7.3.4

System performance
[…]

7.3.4.2
Node selection with Spatial Reuse Mode
[…]

7.3.4.2.5
Link simulation results for Solution I and Solution II
[…]

Further evaluation of the downlink UE performance with the Type 3i receiver follows. The propagation delay is modeled according to UE location, Macro node location, and LPN location shown in Figure 68. UEs operating in the combined cell spatial reuse mode use D-CPICH for channel estimation. For pilot solution I, D-CPICH has Ec/Ior of -13 dB and F-CPICH has Ec/Ior of -16dB with a 25% activity factor, and for pilot solution II, D-CPICH has Ec/Ior of -10 dB. In these simulations, the UEs are scheduled continuously and thus D-CPICH is transmitted in all TTIs. This allows the UE to use D-CPICH for CQI estimation. A summary of simulation assumptions that differ from Annex A.3 is shown in Table X.
Table X: Specific link level simulation parameters.

	Parameter
	Value
	Comments

	S-CPICHx_Ec/Ior
	 -
	Turned off

	D-CPICH, Ec/Ior
	Solution I: -13 dB
Solution II: -10 dB
	Transmitted continuously and
used for CQI estimation

	F-CPICH, Ec/Ior
	Solution I: -16dB
Solution II: -
	Solution I: 25% activity factor

Solution II: Not applicable

	Number of Transport Blocks
	1
	

	Maximum Number of H-ARQ Transmissions
	1
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2
	

	Propagation Channel Type
	PA3, PB3, VA30
	Propagation delay is properly modeled 

	UE Receiver Type
	Type3i
	


Results are summarized in Table XX, for combined cell pilot solutions I and II. It is assumed that User1 is always served by the Macro node and User2 is served by the LPN. Both User1 and User2 are equipped with a Type 3i receiver in both the Macro-only and combined cell deployments. For the Macro-only case, a round-robin scheduler is used to schedule the two users; thus each user gets 50% of the radio resources in time. It can be seen that in either case, combined cell spatial reuse improves over the macro-only deployment significantly for many of the UE location combinations. Compared to the co-channel deployment however, there is a small loss, due to the additional pilot overhead needed to support combined-cell spatial reuse. Although the spatial reuse gain in combined cell is slightly smaller than in co-channel, combined cell offers much improved mobility performance and mobility management in a heterogeneous network. Thus, the combined-cell deployment could be used as a good complimentary solution to the co-channel deployment to help manage the mobility aspects of the network.
Table XX: Relative performance in link throughput with combined cell spatial reuse compared to macro-only and co-channel deployments.
	Channel
	User locations 
(User1,User2)
	Macro-Only Mbps
	Solution I Mbps (% gain)
	Solution II Mbps (% gain)
	Co-channel deployment Mbps (% gain)

	     PA3
	(L1,L3)
	17.38
	25.35(45.8)
	24.75(42.4)
	25.91(49.1)

	
	(L1,L4)
	17.38
	30.50(75.5)
	29.92(72.1)
	31.04(78.6)

	
	(L2,L4)
	16.97
	27.95(64.7)
	27.37(61.3)
	28.49(67.9)

	
	(L5,L1)
	19.49
	23.22(19.1)
	22.99(18.0)
	23.45(20.3)

	
	(L5,L2)
	19.08
	27.19(42.5)
	26.85(40.7)
	27.51(44.2)

	
	(L5,L3)
	18.62
	31.14(67.2)
	30.74(65.1)
	31.51(69.2)

	
	(L5,L4)
	18.62
	36.29(94.9)
	35.91(92.9)
	36.64(96.8)

	
	(L6,L2)
	15.97
	20.26(26.9)
	19.72(23.5)
	20.80(30.3)

	
	(L6,L3)
	15.51
	24.22(56.2)
	23.61(52.3)
	24.80(59.9)

	
	(L6,L4)
	15.51
	29.37(89.4)
	28.78(85.6)
	29.93(93.0)

	
	(L7,L1)
	16.89
	17.66(4.6)
	17.22(2.0)
	18.10(7.2)

	
	(L7,L2)
	16.48
	21.63(31.3)
	21.08(27.9)
	22.16(34.5)

	
	(L7,L3)
	16.02
	25.58(59.8)
	24.97(55.9)
	26.16(63.3)

	
	(L7,L4)
	16.02
	30.74(91.9)
	30.14(88.2)
	31.29(95.4)

	     PB3
	(L1,L3)
	8.80
	8.74(-0.7)
	8.39(-4.6)
	9.24(5.04)

	
	(L1,L4)
	8.80
	10.94(24.3)
	10.51(19.5)
	11.41(29.6)

	
	(L2,L4)
	8.55
	8.51(-0.5)
	8.15(-4.7)
	8.93(4.5)

	
	(L5,L1)
	10.45
	11.52(10.3)
	11.21(7.4)
	11.95(14.4)

	
	(L5,L2)
	10.20
	12.33(21.0)
	12.00(17.7)
	12.88(26.3)

	
	(L5,L3)
	9.94
	13.57(36.5)
	13.18(32.5)
	14.14(42.2)

	
	(L5,L4)
	9.94
	15.77(58.6)
	15.30(53.8)
	16.31(64.0)

	
	(L6,L2)
	8.04
	7.90(-1.7)
	7.61(-5.4)
	8.40(4.5)

	
	(L6,L3)
	7.79
	9.14(17.3)
	8.79(12.8)
	9.66(24.0)

	
	(L6,L4)
	7.79
	11.34(45.5)
	10.91(40.0)
	11.83(51.8)

	
	(L7,L1)
	8.55
	7.76(-9.2)
	7.5(-12.2)
	8.16(-4.5)

	
	(L7,L2)
	8.30
	8.58 (3.5)
	8.29(-0.1)
	9.09(9.6)

	
	(L7,L3)
	8.04
	9.82(22.1)
	9.47(17.7)
	10.35(28.7)

	
	(L7,L4)
	8.04
	12.02(49.4)
	11.59(44.1)
	12.52(55.6)

	VA30
	(L1,L3)
	8.82
	10.09(14.3)
	9.73(10.3)
	10.64(20.6)

	
	(L1,L4)
	8.82
	12.49(41.6)
	12.05(36.6)
	12.96(46.9)

	
	(L2,L4)
	8.70
	10.20(17.3)
	9.82(12.9)
	10.63(22.2)

	
	(L5,L1)
	9.56
	10.06(5.2)
	9.76(2.1)
	10.49(9.8)

	
	(L5,L2)
	9.43
	11.12(17.9)
	10.78(14.3)
	11.70(24.0)

	
	(L5,L3)
	9.30
	12.66(36.2)
	12.26(31.9)
	13.24(42.4)

	
	(L5,L4)
	9.30
	15.06(62)
	14.59(56.9)
	15.56(67.4)

	
	(L6,L2)
	8.39
	8.92(6.3)
	8.61(2.7)
	9.48(13.0)

	
	(L6,L3)
	8.25
	10.46(26.8)
	10.09(22.3)
	11.01(33.4)

	
	(L6,L4)
	8.25
	12.86(55.9)
	12.42(50.5)
	13.33(61.6)

	
	(L7,L1)
	8.68
	8.30(-4.4)
	8.02(-7.5)
	8.72(0.5)

	
	(L7,L2)
	8.55
	9.36(9.5)
	9.05(5.8)
	9.93(16.1)

	
	(L7,L3)
	8.41
	10.90(29.6)
	10.53(25.1)
	11.46(36.2)

	
	(L7,L4)
	8.41
	13.30(58.1)
	12.85(52.8)
	13.78(63.8)


[---------------------------------------------------TEXT END ------------------------------------------------]
2 Conclusion

In this contribution, a TP on the performance of Type 3i receiver in the spatial reuse mode of combined cell is provided. The recommendations from RAN1#74bis have been incorporated. The proposed text complements the existing results captured by the rapporteur in the draft TR [2].
Proposal: Include the provided TP in Section 7.3.4.2.5 of the TR [2]. 
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