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Joint Mitigation of Uplink Interference for 
Multiple Neighboring ABS (16.5.2)
Ping-Heng Kuo, Yu-Tao Hsieh, Pang-An Ting
ITRI
1. Introduction
In the current draft [1], PMI combining scheme is used to mitigate the uplink interference to the neighboring ABS. This, however, does not consider the scenarios in which multiple neighboring ABSs are concurrently suffered from the same source of uplink interference. 

Thus, this contribution suggests modifying the scheme by introducing the parameter of interference sensitivity level (ISL), which allows each of the neighboring ABS to indicate its own tolerance to any additional uplink interference. Specifically, ISL, denoted as λ, is a non-zero positive integer variable chosen from a finite list: 
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A larger value of λ indicates a higher sensitivity to interference. The selection of λ may depend on various factors such as its signal power, data traffic condition and service class etc.
Once each neighboring ABS has determined its own ISL and the preferred precoder index for interference minimization (PMIMin), these information are should be shared with the serving ABS via backhaul network. Then, the serving ABS shall forward these information, along with PMI and PCR, to the AMS through downlink signaling. The AMS can generate its uplink beamforming matrix by combining precoders:
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where the weighting for interference suppression (1-PCR) is further partitioned in accordance to ISL of each of Nnbr neighboring ABS. 
In order to show the improvement due to the modifications we suggest, a few simulations considering scenarios with Nnbr =2 and L = 4 have been carried out. Both WPMI and WPMImin, j are selected from 4-Tx rank-1 codebook given in [1]. The resultant virtual SINR and the interference ratio are particularly inspected. Virtual SINR represents the ratio between the uplink signal power to the serving ABS and the sum interference to multiple neighboring ABS. In Figure 1, it is clear that the proposed scheme is more likely to result in a better virtual SINR than the original method as the interference to multiple neighboring ABS are jointly handled instead of neglected. On the other hand, we also plot the CDF for the interference ratio, which is the ratio between the largest and smallest resultant uplink interference among all neighboring ABSs. This metric can be employed to gauge the fairness in interference handling, as a lower ratio indicates that resultant uplink interference to multiple neighboring ABS are close in magnitude, which implies a better fairness. Figure 2, it can be observed that the proposed modification generally gives a lower interference ratio than the original scheme.

[image: image3.wmf]
Figure 1: Comparison of virtual SINR between original and proposed schemes.
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Figure 2: Comparison of interference ratio between original and proposed schemes.
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[Modify the following text in Section 16.2.3.48]
------------------------------------------------------------------------- Text Start --------------------------------------------------------------------------
16.2.3.48 AAI_UL_MultiBS_MIMO_SBP
The AAI_UL_MultiBS_MIMO_SBP message format is defined in Table 751-. This message is used by ABS to indicate PMImin, interference sensitivity level (ISL) and PMI combination ratio (PCR) to AMS for UL single BS precoding with multi-BS coordination.
Table 751—AAI_UL_MultiBS_MIMO_SBP message format
	M/O
	Attributes / Array of attributes
	Size (bits)
	Value/Note
	Conditions

	M
	Control Message Type
	8
	Type of AAI_UL_MultiBS_MIMO_SBP
	N.A.

	M
	PMImin
	4 to 6
4Nnbr to 6Nnbr
	PMIs from the rank-1 base codebook respectively  generating minimum interference to each of the Nnbr neighboring ABS
	N.A.

	M
	ISL (λ)
	2Nnbr
	Interference sensitivity level (ISL) of each of the Nnbr neighboring ABS
	N.A.

	M
	PCR
	2
	PMI combination ratio
	N.A.


------------------------------------------------------------------------ Text End ---------------------------------------------------------------------------

 [Modify the following text in Section 16.5.2.1]
------------------------------------------------------------------------- Text Start --------------------------------------------------------------------------
16.5.2.1 Single BS precoding with Multi-BS Coordination
This subclause describes interference mitigation techniques applicable to UL MIMO modes 2 and 4 of adap​tive codebook precoding with rank-1, with additional inter-ABS coordination mechanisms and interference measurement support. The inter-ABS coordination mechanisms in this subclause do not require data for​warding between different ABSs.
16.5.2.1.1 DL Signaling 
Table 975 shows the control parameters for UL multi-BS MIMO.
Table 975 – Control parameters for UL Multi-BS MIMO 
	Parameter
	Description
	Value
	Control channel (IE)
	Notes

	PMImin
PMImin,j
	PMI minimizing interference to the j-th neighboring ABS
	4 bits if Nt=2

6 bits if Nt=4
	AAI_UL_MultiBS_MIMO_SBP
	Selected from the rank-1 base codebook defined in <<16.3.10.3>>

	λj
	Interference sensitivity level of the j-th neighboring ABS
	0b00: 1
0b01: 2
0b10: 3
0b11: 4
	AAI_UL_MultiBS_MIMO_SBP
	

	PCR
	PMI combination ratio
	0b00: 0.125

0b01: 0.375

0b10: 0.625

0b11: 0.875
	AAI_UL_MultiBS_MIMO_SBP
	


16.5.2.1.2 Operation procedure
Single BS precoding with Multi-BS Coordination is performed by combining multiple two PMIs in TDD or FDD UL transmission for mitigating inter-cell interference (ICI) when CL MIMO precoding is applied for the serving and neighboring cells. One of PMIs maximizes the transmission power of the serving cell; the others respectively another mini​mizes interference generated to each of the Nnbr involved neighboring cells.

The operation procedure of PMI combination follows the steps below.
1) PMI combination may be triggered by an ABS in an unsolicited manner. By using UL sounding sig​nals, the serving and neighboring ABSs may measure channels of AMSs. Upon the channel mea​surements, the serving and the j-th  (j=1…Nnbr) neighboring ABSs may determine PMI maximizing transmission power and PMImin,j (j=1…Nnbr) PMImin minimizing interference, respectively. The j-th neighboring ABS may inform the serving ABS of PMImin,j PMImin through the backhaul network. 
Those two PMIs, 
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 (j=1…Nnbr), should be selected based on the following procedure: 
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where Hs and HI,j HI denote information of channels from the AMS to its serving and the j-th corresponding neighboring ABS, respectively, and vi is the i-th codeword of the base codebook.

2) The serving ABS shall inform the PMI in the UL Basic Assignment A-MAP IE, UL Subband Assignement A MAP-IE, or UL CSM Beamforming A-MAP IE, and PMImin,j (j=1…Nnbr) PMImin, λj (interference sensitivity level of the j-th neighboring ABS) and PCR in the AAI_UL_MultiBS_MIMO_SBP message to the AMS.
The transmitted precoder W combining multiple two precoders 
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------------------------------------------------------------------------ Text End ---------------------------------------------------------------------------
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