


3GPP TSG-RAN WG1#49bis                                  　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　R1-072715
Orlando, USA, 25-29 June, 2007
Source: 

Sharp

Title:
Investigation on the dependency of reference symbol structure on PDCCH performance in E-UTRA Downlink
Agenda Item:

5.11.1
Document for:
Discussion and Decision

1. Introduction
 In RAN1#48bis, it was agreed as a   working assumption that reduced Tx power can be applied to the sub-carriers in the control regions[1]. The PDCCH (Physical Downlink Control Channel)’s decoding performance is important considering cell coverage. If RS Power Boosting was applied under this working assumption, the Tx power of PDCCH will be reduced and cell coverage will also be reduced, or equivalently, the error rate of the PDCCH will increase. This condition is exacerbated in the 4Tx antenna NodeB compared to the 2Tx antenna NodeB because of the increase in power allocated to the RS in the 4Tx antenna case. 
Moreover, it was also agreed in RAN1#47 that the eNodeB can control whether to send RS3 and RS4 because a 2-RS structure has an advantage considering the overhead of RS’s [2].
In this contribution, we discuss the advantages of 2-RS structure in the PDCCH’s decoding performance’s point of view. In section 2, we will discuss the difference of PDCCH’s transmission power, interference from adjacent cells and high mobility UE performance between 2-RS and 4-RS structure and these will cause the cell coverage reduction problem.  In section 3, we will show the solution for this cell coverage problem.
2. Comparison of 2 Tx and 4Tx antenna RS structure
In section 2.1, we will show the RS structure, which was agreed as WA in RAN1#48. After section 2.2, we will show the merit of 2 Tx antenna RS structure, and the benefit of switching 2Tx and 4Tx antenna RS structure in 4Tx antenna NodeB.
2.1. The example of 2Tx and 4Tx antenna RS structure
Figure 1 shows the reference symbol structure for 4-TX antenna.　This RS structure is agreed as working assumption in RAN1 #48.
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Figure 1 Reference symbol structure for 4-TX antenna(WA)
2.2. PDCCH’s power reduction (the effect of RS’s Power Boosting)
 When we assumed that 6dB power boosting is applied to 2Tx antenna RS structure and 9dB power boosting is applied to 4Tx RS structure, and peak power is constrained, Table 1 shows that there is the 1.75dB difference of PDCCH’s power between two RS structure and it means that cell coverage will be reduced (the blue boxes). Moreover, if we apply larger power boosting to RS, the difference becomes lager.

 There is PDCCH’s power reduction only in 1 OFDM symbol in 2Tx antenna RS structure. On the other hand, there is PDCCH’s power reduction in 1 and 2 OFDM symbols in 4 Tx antenna RS structure. So PDCCH’s effective power reduction becomes 2.55dB (see yellow high-lighted area), it means the cell coverage reduction is not negligible in 4 Tx antenna RS structure. In these calculations, we assumed that PDCCH uses all sub-carriers in 1 and 2 OFDM symbol in a subframe.
Table 1 Comparison of PDCCH power 
	PowerBoosted value
	0dB
	3dB
	6dB
(2RS typical case)
	9dB
(4RS typical case)
	12dB

	PDCCH's reduced power
(2RS, 1OFDM symbol)
(4RS, 1&2 OFDM symbol)
	0.79dB
	0dB
	-1.25dB
	-3dB
	-5.2dB

	Effective PDCCH's reduced power
(2Tx RS structure)
	0.33dB
	0dB
	-0.45dB
	-0.96dB
	-1.2dB

	Effective PDCCH's reduced power
(4Tx RS structure)
	0.79dB
	0dB
	-1.25dB
	-3dB
	-5.2dB


2.3. Reduction of Interference from adjacent cells
 In 3GPP LTE some Resource Blocks or OFDM symbols transmit only RS. If we assumed that RS power is constant, i.e. one RS sub-carrier has same power independent on RS structure, there is a little difference of interference from adjacent cells between 2Tx and 4Tx antenna RS structure when all Resource Blocks include data symbols. But if resource block contain only RS, the difference becomes 3dB between two RS structure considering 1 and 2 OFDM symbol in a subframe(see Table 2).
Table 2 Comparison of Interference from adjacent cells
	
	RS only
	Include Data

	Difference of Interference between 2-RS  and 4-RS structure
	3dB
	0dB


2.4. Reduction of RS overhead
 RS overhead will be different depending on the number of antenna (See table 3). 

Table 3 Comparison of RS Overhead
	1Tx
	2Tx
	4Tx

	4.8%
	9.5%
	14.3%


2.5. High mobility UE performance
 It is considered that low rate MCS will be applied to PDCCH. In high-mobility UE case, [3][4] shows there is some performance degradation in 4-RS structure case due to the channel estimation error. It means that even in 4Tx diversity scheme with 4RS-structure, there is no diversity gain compared to 2Tx diversity case with 2-RS structure.
2.6. Dubious benefits for 4Tx case

For the 4 Tx case, the only potential benefits Sharp sees are that more control data can be multiplexed, and that there is a potential to employ spatial diversity.  However [4] 4Tx spatial diversity techniques have not been shown to provide significant performance benefits to justify increased complexity, and moreover, it has not been shown that there is a capacity gain that is achieved or needed for the 4 Tx case. 
2.7. Summary

 As described above, 2-RS structure has many advantages compared to 4-RS structure, and that the 4-RS structure may not have any useful advantages for E-UTRA. Considering section 2.2 and 2.3, 2-RS structure has 2.55-5.55dB SIR advantage compared to 4-RS structure. This SIR difference will cause the cell coverage reduction in 4-RS structure compared to 2-RS structure.
3. Solution for cell coverage problems
 As described in section 2, we expect that cell coverage problem will occur in 4-RS structure because of  PDCCH’s transmission power reduction, interference increase from adjacent cells and high mobility UE performance degradation.
As the solutions for PDCCH’s transmission power reduction and interference increase from adjacent cells, we can consider one example of solution:
· Selection of RS structure within one radio frame between the 2-RS and 4-RS structures[5][6]
By using this scheme as described in [5][6], NodeB will select each subframe’s RS structure and  if scheduler allocate cell-edge UE to the 2-RS structure subframe, we can solve above cell coverage problems.
At the same time, as described in [7], by selecting 2-RS and 4-RS structure within one radio frame, if scheduler allocate High mobility UE to the 2-RS structure subframe, we can overcome high-mobility UE’s SCH’s performance degradation of 4Tx diversity because of no need to use channel estimation results of  Tx3,4 in figure 1.
RS structure selection is agreed as conclusion in RAN1#47, and we believe that above scheme meet this conclusion. 

4. Conclusions
 In this contribution, we discussed 4-RS and 2-RS structure in the PDCCH(Physical Downlink Control Channel)’s decoding performance point of view. In section 2, we showed that Tx power reduction will be bigger in 4RS structure than in 2-RS structure if we applied reduced Tx power to the sub-carriers in the control regions,  interference from adjacent cell will be bigger in 4RS structure than in 2-RS structure when cell traffic is not high, and these will cause the cell coverage reduction problem. In section 3, we showed one example of solution that allow the selection of RS structure within one radio frame between the 2-RS and 4-RS structures as described in [5][6] as a solution for cell coverage reduction problem. 

 While, we believe that above solution meet the conclusion of allowing as RS structure selection that was agreed in RAN1#47 .
Sharp’s position: 

· Unless 4Tx DL MIMO is used there is no reason to do 4TX RS with PDCCH.

· 2-RS structure is easier design solution increased cell coverage (for same peak power constraint) w.r.t. 4-RS structure.
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