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1
Introduction
For RSRP measurements, the cell-specific reference signals R0 shall be used, and the cell-specific reference signals R1 would optionally be used as stated in TS 36.214 [1]:

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

It implies that the DL cell coverage in multi-antenna configurations would be smaller than that in single-antenna configurations, because the transmission power per TX antenna for 2TX and 4TX would in general be a half of and a quarter of the transmission power for 1TX, respectively. This contribution discusses this issue and proposes modifications to the current RSRP definition.
2
Background
This section discusses rationales for using only the cell-specific reference signals R0 for RSRP measurements.

In UTRA, CPICH RSCP measurements are based on the P-CPICH signals from both TX antennas. The definition of CPICH RSCP is quoted in the following:
If Tx diversity is applied on the Primary CPICH the received code power from each antenna shall be separately measured and summed together in [W] to a total received code power on the Primary CPICH.
In UTRA, neighbour cell list (NCL) is mandatory and TX configurations are signalled via NCL. That is why UE could use P-CPICH signals from both TX antennas for neighbour cell CPICH measurements. 
In E-UTRA, however, NCL is optional and UE would have no idea about TX configurations for neighbour cells. That is why UE could basically use only the cell-specific reference signals R0 for neighbour cell RSRP measurements. It is noted that NCL is optional, i.e. normally not used, in E-UTRA based on the following reasons:
· The use of NCL causes larger signaling overhead in RRC signaling and system information blocks 

· The use of NCL increases OAM complexity, i.e. NCL needs to be planned and set by OAM, which can be complicated
3
DL link budget in UTRA and E-UTRA

Generally speaking, DL link budget is determined by BS transmission power and UE receiver performance. In this study, we are based on the following assumptions: 
· As per the requirements for E-UTRA, network operators assume the reuse of existing UTRA sites and the same carrier frequency. It indicates that DL link budget in E-UTRA need to be comparable with the one in UTRA.

· BS maximum transmission power in E-UTRA should be the same as the one in UTRA, assuming that the network cost and complexity in E-UTRA should be comparable with the one in UTRA. We assume 43 dBm BS maximum transmission power in the following discussions.
· As specified in Section 6.3.1 of TS 36.104 [2], resource element power control dynamic range should be +3 dB/–6 dB for QPSK. The plus value of the power control dynamic range was derived from ACLR and SEM requirements, i.e. the resource element power boosting is limited to ~ 3 dB in order to meet these regulatory requirements. Detailed investigation is provided in [3].
· In UTRA, on one hand, the power control dynamic range of Primary CPICH TX power is -10 dBm … +50 dBm. It implies that network operators could easily adjust the DL cell coverage by optimizing the CPICH TX power and UL load margin. For example, CPICH Ec/Ior and UL load margin could be set to -10 dB and 6 dB, respectively, in urban scenarios, while CPICH Ec/Ior and UL load margin could be set to -8 dB and 4 dB, respectively, in rural scenarios.
· UE receiver performance in the cell edge regions should be determined by the side conditions for CPICH RSCP and RSRP measurement accuracy requirements in TS 25.133 [4] and TS 36.133 [5], respectively. The minimum CPICH RSCP values, in which UE could reliably receive CPICH signals, should be -111 dBm ~ -114 dBm. The minimum RSRP values, in which UE could reliably receive cell-specific reference signals, should be -124 ~ -127 dBm. It is noted that the minimum CPICH RSCP and RSRP values depend on the frequency band.
· Dual-antenna receiver gain should be neglected because antenna gain imbalance would significantly reduce the dual-antenna receiver gain in the thermal-noise limited regions. It is also noted that the revised RSRP definition implies that the reported RSRP values would be the maximum of the corresponding RSRP of all of the receive antennas.
Based on the above assumptions, we could easily evaluate DL cell coverage using the maximum pathloss, which would be the differences between CPICH TX power and the minimum CPICH RSCP values for UTRA and the ones between DL RS RE TX power and the minimum RSRP values for E-UTRA. The maximum pathloss in some scenarios are summarized in Table 1. Findings from Table 1 are listed in the following:
· The maximum pathloss in UTRA could easily be increased by increasing CPICH TX power.

· The maximum pathloss in E-UTRA, 2TX would be 3 dB smaller than that in E-UTRA 1TX, because only cell-specific reference signals R0 would be used for RSRP measurements.

· The maximum pathloss in E-UTRA, 1TX with 3 dB RS power boosting would be comparable to that in UTRA, Ec/Ior = -8 dB. It indicates that E-UTRA could achieve acceptable cell coverage in rural regions using DL RS power boosting.

· The maximum pathloss in E-UTRA, 2TX with 3 dB RS power boosting would be smaller than that in UTRA, CPICH Ec/Ior = -10 dB and -8 dB. It is noted that more than 3 dB RS power boosting would not be feasible in E-UTRA due to ACLR and SEM requirements as discussed above. It indicates that E-UTRA, 2TX could not meet the requirements that DL link budget in E-UTRA need to be comparable with the one in UTRA. In other words, some solutions would be needed to address this DL cell coverage issues in E-UTRA, 2TX configurations. Possible solutions are discussed in the next section.
Table 1 Maximum Pathloss in UTRA and E-UTRA

	
	BS Max power
	CPICH TX power / DL RS RE TX power
	Minimum CPICH RSC P /  Minimum RSRP (Note 1)
	Maximum Pathloss

	UTRA, 1TX/2TX (CPICH Ec/Ior = -10 dB)
	43 dBm
	33 dBm
	-114 dBm
	147 dB

	UTRA, 1TX/2TX (CPICH Ec/Ior = -8 dB)
	43 dBm
	35 dBm
	-114 dBm
	149 dB

	E-UTRA, 1TX (0 dB RS power boosting)
	43 dBm
	18.2 dBm
	-127 dBm
	145.2 dB

	E-UTRA, 1TX (3 dB RS power boosting)
	43 dBm
	21.2 dBm
	-127 dBm
	148.2 dB

	E-UTRA, 2TX (0 dB RS power boosting)
	43 dBm
	15.2 dBm
	-127 dBm
	142.2 dB

	E-UTRA, 2TX (3 dB RS power boosting)
	43 dBm
	18.2 dBm
	-127 dBm
	145.2 dB


Note 1: The values assume Band 1 as an example.
4
Possible Solutions

As discussed in the previous section, E-UTRA DL cell coverage in 2TX configurations would be smaller than UTRA DL cell coverage. Especially in rural areas, the DL cell coverage problems in E-UTRA would be significant because CPICH TX power adjustment in UTRA is more flexible than DL RS power boosting in E-UTRA. The main reason for the degradation in DL cell coverage is the fact that UE uses only the cell-specific reference signals R0 for RSRP measurements and the transmission power of the cell-specific reference signals R0 is reduced by half in 2TX configurations. To mitigate this DL cell coverage problem, we propose the following solutions. 
UE has the information about the TX configurations for the serving cell. It means that UE could use the cell-specific reference signal R1 as well as R0 for the serving cell RSRP measurements. Therefore, it is proposed that we modify the definition of RSRP measurements in TS 36.214 as follows:

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

5.1.1
Reference Signal Received Power (RSRP)
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP. For the serving cell RSRP determination, UE shall use R1 in addition to R0 to determine RSRP.
If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

It is true that the above modifications would not be perfect because there would still be problems for neighbour cell measurements. However, we believe that such modifications could improve the service quality of E-UTRA to some extent without heavy burden on UE complexity. Furthermore, it is also proposed that the above modifications should be included in Release 8, because it would not impact UE complexity significantly.
Further solutions, such as increasing BS TX power dynamic range and reducing the minimum RSRP values in the measurement accuracy requirements, would also be applicable, but it would impact both BS and UE implementations. Therefore, we propose that it should be addressed in future releases.
5
Conclusions
In this contribution, we discussed DL cell coverage for E-UTRA multi-antenna configurations. The study indicates that the DL cell coverage for E-UTRA multi-antenna configurations would be smaller than that for UTRA, because only cell-specific reference signals R0 would be used for RSRP measurements. Therefore, it is proposed that both cell-specific reference signals R0 and R1 should be used for at least the serving cell RSRP measurements. It is also proposed that such modifications should be included in Release 8 because the impact on UE implementation would be negligible.
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