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1 Introduction
In the current physical layer standards, two types of UE measurements have been defined [1]

 REF _Ref203894961 \r \h 
[2][3]. These include:

· Reference signal received power (RSRP) [2]
· Reference signal received quality (RSRQ) [3]
RSRQ is proportional to the ratio of RSRP and RSSI, which is UE’s measurement of the total received power including all interference, measured over N resource blocks (RBs). RSRQ measurement is applicable only to the RRC_CONNECTED states for both intra-frequency and inter-frequency, based on the latest approved changes [3]. 
The value of N has not been specified in the standard. A clarification to the configuration of this parameter is proposed in this contribution.

2 RSRQ based handover

Reference signal received power (RSRP) is a measure of the received reference signal strength from a cell site, whereas reference signal received quality (RSRQ) as defined in the Appendix, provides an indication on the signal quality. RSRQ for neighbor cell i can be expressed as follows:
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Thus, the carrier power to interference and thermal noise power ratio, CINR of neighbor cell i can be derived from the RSRQ measurement for the neighbor cell i as shown above. The use of RSRQ for handover decision could ensure the UE’s new connection in the destined cell to be a reliable link, e.g., selecting a destined cell with the highest CINRi value, such that CINRi > Threshold.
The reporting of RSRQ needs to be associated with one neighbor cell only, identified as the “reference” neighbor cell. Values of RSRQ for each of the other neighbor cell can be computed based on the ratio of RSRP of the neighbor cell to that of the “reference” neighbor cell.

3 Handover based on frequency selective RSRQ measurements 
While handover decisions can also be based on RSRP measurements for different neighbor cells, without considering the interference level, RSRQ has the additional advantage of supporting measurements for handover in a frequency selective OFDMA system. 
As noted from the RSRQ definition, the RSRQ measurement can be performed and reported over a specific number N of RBs, instead of the entire system bandwidth. In an OFDMA system, users are typically scheduled to receive or transmit in different parts of the system bandwidth to maximize multi-user diversity gain in a frequency selective channel. A user (UE) is required to provide channel quality (CQI) reports to the serving eNodeB. Thus, with appropriate configuration, RSRQ may be able to provide signal quality information over different parts of the system bandwidth.
Two possible scenarios on how RSRQ measurement reports can be used for handover decisions in an OFDMA system are described as follows. 
a. Scenario 1

In this scenario, the HO decision can be based on RSRP measurement reports for various neighbor cells, independent of any frequency variation across the band. 

In addition, with the RSRQ measurement reports for different parts of the band (groups of N RBs), the destined eNodeB can make use of the information to allocate resources for an UE correspondingly. This information would also be useful for assigning a new UE to different frequency reuse zones in the destined cell, in the case of fractional frequency reuse (FFR). 
The serving eNodeB may configure N to be any integer number, e.g., N=10. For a system with 50 RBs, the UE shall provide 5 RSRQ measurement reports, each of which is measured over 5 consecutive RBs, starting from the lowest frequency to the highest frequency edge of the band. 

After receiving the RSRP and RSRQ measurement reports for different groups of N RBs, the source eNodeB should forward them (or CINR values as derived from these reports)  to the destined cell site which the UE is handed over, through X2 signaling. The destined eNodeB could then allocate resources to the new UE based on the RSRQ measurement reports that are received from the source eNodeB through X2 signaling. 

When an UE is handed over to the destined cell, the UE would demodulate the PCFICH and PDCCH channels to identify any scheduling grant with the resource allocation, after the specific access procedure is completed. 

b. Scenario 2

In Scenario 2, handover decisions are based on the RSRQ measurement reports for different parts of the system bandwidth, e.g., groups of N RBs. 
The frequency selective RSRQ measurement reports can be done for each neighbor cell, or a selected number of neighbor cells, as configured by the source eNodeB. The handover decision is then made by the source eNodeB based on the reported RSRQ measurements for each group of RBs for each neighbor cell. 

For example, if the RSRP measurement reports for the two best neighbor cells are similar and marginal, while the CINR as computed from one of the RSRQ reports for a certain RB group (part of the band) in one of the neighbor cells has better quality, then the UE should be handed over to the corresponding cell site, with the preferred RB group measurement forwarded to the destined eNodeB through X2-signaling, similar to Scenario 1.   
4 Changes in the standard to support the two proposed methods

The required changes are mainly in the RRC standard:

(i) To configure the value of N for different number of RBs for RSRQ measurement;

(ii) To define the measurement report format for multiple RSRQ measurements for a neighbor cell, e.g., {RSRQ0, RSRQ1, …, RSRQ(M-1)}, where RSRQi corresponds to measurements taken over RB #iN, RB #iN+1,…, RB #(i+1)N-1; M = ceil(Total number of RBs in the DL/N), i.e., 
[image: image2.wmf]ú

ú

ù

ê

ê

é

=

N

N

M

DL

RB

; RB #iN is the RB with index iN, where i = 0, 1, …, (M-1)
The RSRQ measurements may also be configured for the various bandwidth parts as defined in Section 7.2.2 of [4]. For example, a 10 MHz system with 50 RBs consists of 3 bandwidth parts.

(iii) Source eNB may forward either all, a subset, or the best RSRQ measurement of the destined cell to the destined eNB upon HO decision. 
5 Conclusion

OFDMA system enables system capacity to be maximized through multi-user diversity gain in the frequency domain. However, the conventional handover decision based on reference signal strength or signal quality measurement over the entire bandwidth does not provide enough information for the destined eNodeB to optimize resource allocation when a new UE is handed over. 
The availability of RSRQ measurement reports for different parts of the system bandwidth enables more optimized HO decisions and resource allocations in the destined cell site, avoiding call drops or outages during handover. 

Therefore, we have recommended that the UE should measure and report the RSRQ value corresponding to groups of N consecutive RBs, as configured by the eNodeB. 

6 Appendix

The definition for RSRQ has been updated in RAN1 #53bis, by incorporating the RSSI definition [3], as shown below. 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the total received power observed over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency
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