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1. Introduction
   In the November's meeting, multi point transmission by utilizing antenna port 5 was discussed based on the Ericsson's proposal [1]. And we believe Ericsson's way to CoMP is preferable in principle. In another contribution [2], Huawei proposed beam cyclic pattern for easy CQI measurement and easy eNB operation. We have the same view on this. In this contribution, we will enhance the Huawei's scheme for broadband transmission.

2. Beam cyclic pattern for broadband transmission
   When inter cell interference (ICI) management is carried out by beam switching, each UE will experience high ICI subframe/resource block (RB) and low ICI subframe/RB. If the channel quality of downlink data transmission is different against the channel quality estimated by UE, UE will lose the channel capacity due to channel quality measurement error. The capacity loss by channel quality estimation error becomes easy to occur because the channel quality becomes easy to be different by ICI between channel quality indicated by CQI and realistic channel quality if each eNB outputs arbitrary beams independently. Thus we consider beam cyclic pattern is necessary for low error of channel quality estimation, especially in interference dominant radio environment.
   But this scheme generates difficult subframes cyclically to transmit delay non-tolerated packets due to high ICI. So we consider some of low ICI RBs should be guaranteed in each subframe for delay reduction. To achieve this purpose, different beam cyclic pattern among RBs seems necessary in general. For low impact on the specification of CQI feedback [3], we consider that different beam cyclic pattern among subbands which are the CQI feedback unit is suitable for achieving the purpose.
   In Figure 1 and Table 1, examples of multicell beam switching are shown. In this case, cell edge UEs can not acquire high channel capacity at subframe #4n+0 (n : integer) due to beam collision. Furthermore, if cell edge UE receives dominant ICI from multiple cells, the UE possibly receives desired signals with high ICI in multiple subframes per 4 subframes. As a result, we are afraid that the UE can not achieve delay requirement.  

   If each eNB transmits signals by employing beams according to Table 1 for subband #1 transmission and Table 2 for subband #2 transmission, low ICI RBs will appear on at least one subband in all subframes. Furthermore, each eNB can employ multiple beams simultaneously in each subframe as shown in Figure 2. The beam pattern ID is assigned to each group of beams as shown in Figure 2. And beam pattern ID sequence shown in Figure 4 can be defined for each eNB. In Figure 4, beam pattern ID sequences are generated by walsh codes. When cross correlation of the beam pattern ID sequences among adjacent eNBs is low, it is expected that high ICI subbands and low ICI subbands simultaneously appear on each UE as shown in Figure 5. 
   Figure 4 shows a snapshot of beam pattern ID sequence of all cells at a certain subframe. Beam cyclic pattern can be achieved by switching beam pattern ID cyclically, for example, by switching beam pattern ID between 0 and 1 on every subframes. In this case, the cycle of beam cyclic pattern is two subframes.
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Figure 1. An example of multiple beam switching cells
Table 1. An example of beam switching pattern
	
	Subframe #4n+0
	Subframe #4n+1
	Subframe #4n+2
	Subframe #4n+3

	Cell #1
	Beam #1
	Beam #2
	Beam #3
	Beam #4

	Cell #2
	Beam #3
	Beam #4
	Beam #1
	Beam #2


Table 2. An example of beam switching pattern for the second subband.

	
	Subframe #4n+0
	Subframe #4n+1
	Subframe #4n+2
	Subframe #4n+3

	Cell #1
	Beam #4
	Beam #1
	Beam #2
	Beam #3

	Cell #2
	Beam #2
	Beam #3
	Beam #4
	Beam #1
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Figure 2. An example of switching beam patterns
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Figure 3. Cell topology for Figure 4.
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Figure 4. An example of the snapshot of beam switching patterns at a subframe
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Figure 5. An example of different ICI reception level among subbands in the central cell.

   Although we believe that beam cyclic pattern is an excellent and elegant scheme for interference management, we should take care about channel quality estimation by UEs. Especially cell edge UEs experience high ICI subframes and low ICI subframes in the same subband due to large variance of ICI power. If UE calculates the average of these estimation results in several subframes, capacity-loss by involving high ICI and low ICI subframes in the CQI will occur. Thus we consider it is good for UEs to estimate channel qualities independently in high ICI subframes and low ICI subframes if possible. In addition, we consider that dedicated CQI feedback for each periodic subframes group is preferable if possible. This means CQI feedback enhancement. 
   Furthermore, we will provide another aspect of this technology. High ICI subbands/subframes can be utilized for beam space Network Collaborative MIMO. UE can also easily know the subframes which UE can receive several cells' strong signals simultaneously at by the knowledge of beam cyclic pattern. In the cases of Table 1 and Table 2, the subframes of #4n+0 in the subband #1 (Table.1) are the resources to be able to receive both cells' strong signals simultaneously. And the subframes of #4n+1 in the subband #2 (Table.2) are similar resources.
3. Conclusion
   In this contribution, we provided one CoMP scheme on the coordinated shceduling/beamforming approach for broadband transmission. The purpose is to guarantee low ICI in at least one subband for all UEs in every subframes. We want to propose to add "a specific CQI feedback can be related to a specific subframe or subframes group" and "different beam cyclic pattern among subbands can be supported" to TR36.814 as text proposal.
   As another aspect of our proposal, our proposal can be applied to both coordinated shceduling/beamforming approach and joint processing/transmission approach. 
References

[1] R1-084377, "Downlink coordinated transmission – Impact on specification", Ericsson, Nov. 2008.
[2] R1-084352, "Some results on DL coordinated beam switching for interference management in LTE- Advanced", Huawei, Nov. 2008.
[3] TS36.213 v8.5.0, "Evolved Universal Terrestrial Radio Access (E-UTRA) Physical layer procedures (Release 8)", Dec. 2009.
Acknowledgement:
This work was partly supported by National Institute of Information and Communications Technology.  (NICT)













































































































































2
3GPP TSG RAN WG1 #56
R1-090600
Athens, Greece, February 9-13, 2009
Page 3 of 4

