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1. Introduction
In RAN1 63bis, it was agreed to inform RAN4 and RAN2 that RAN1 is considering modifications to the RSRQ and RLM measurements in the specifications to take into account restricted measurements; either

(1) Modify RAN1 definitions of RLM (TS36.213) and RSRQ (TS36.214), with corresponding performance requirements being specified in RAN4, or

(2) Modified performance requirements in RAN4 are sufficient without needing to change the measurement definition in 36.214

And RAN1 requests actions to RAN4 as follows:
1. Whether (2) is sufficient or whether RAN1 should proceed with (1)

2. RAN4’s opinion as to whether changes are needed to the RSRP definition in 36.214

3. Any other relevant inputs from RAN4

In this contribution, we discuss measurement ambiguity issues and RSSI definition.
2. Measurement ambiguity
2.1. Measurement ambiguity between ABS and ABS+MBSFN

Figure 1 shows Pico resources for RSSI measurement and REs impacted by Macro CRS. In this section, we assume that serving cell RSSI of Pico UE is measured using every symbol containing reference symbols for antenna port 0.
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Figure 1. Pico resources for RSSI measurement
As shown in Figure 1, Pico transmission with Macro normal-ABS case has much more interference from Macro CRS than Macro MBSFN-ABS case. This causes large RSSI variation depending on the portion of MBSFN-ABS in the RRM measurement subframe set; high RSSI is measured in normal-ABS but low RSSI is measured in MBSFN-ABS. As a result, RSSI measurement may fluctuate with a large deviation as observed in [5] even with the constant channel condition. Furthermore, it is up to UE implementation to select the subframes used for RSSI measurement. In other words, if RRM measurement set includes both normal-ABS and MBSFN-ABS, the measured RSSI varies depending on how the UE selects the subframes used for the RSSI measurement. One way to solve this ambiguity is not to mix normal-ABS and MBSFN-ABS in the RRM measurement set, but it may be difficult to achieve in FDD with 8 ms periodicity. First, a subframe pattern with 8 ms periodicity cannot be solely made of MBSFN-ABS because subframes #0, #4, #5, and #9, which cannot be configured as MBSFN subframe, appear with 10 ms period and collide with 8 ms pattern twice in 40 ms. Second, it is not desirable to configure all the subframes in a 8 ms pattern as normal-ABS because we can get rid of CRS-to-PDSCH interference in some subframes (three out of five) otherwise. 
2.2. Measurement ambiguity between symbols on MBSFN-ABS
In this section, we assume that Pico UE measure RSSI using specific symbol including port 0 CRS in a subframe configured as MBSFN-ABS. Figure 2 depicts Pico resources when Macro cell is configured to MBSFN-ABS.
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Figure 2. Pico RE resource in Macro MBSFN-ABS configuration

The measured RSSIs using each symbol containing port 0 CRS in Figure 2 are as follows:
RSSIsymbol#0 >> RSSIsymbol#4 = RSSIsymbol#7 = RSSIsymbol#11
As the symbol selection for measurement is a UE implementation issue in Rel.8/9, this difference causes measurement/scheduling ambiguity because Pico eNB cannot know which symbol(s) is used for RSSI measurement by Pico UE. An under-estimated RSRQ will be reported if Pico UE uses symbol #0 for RSSI measurement, but the eNB is not able to compensate this under-estimation because it has no information on the symbol selection. For the similar reason, it was proposed to disregard the 1st OFDM symbol for RLM measurement in [2].

3. RSSI definition
In [3], RSSI is defined as “E-UTRA Carrier Received Strength Indicator (RSSI), comprises the linear average of the total received power observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, 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.”, and the measurement region (i.e. the number and location of OFDM symbols used for RSSI measurement by UE) is an implementation issue in Rel.8/9. This was reasonable without time domain eICIC because all of the OFDM symbols have same interference characteristic. However, as mentioned in section 2, there exist some measurement ambiguities depending on subframe configurations (and/or measured symbols) in Rel.10 eICIC because dominant interference by Macro CRS impacts on specific REs (or symbols) in measurement region. 

To resolve these ambiguities in Rel.10 eICIC, first and most importantly, we should define what the target of “restricted measurement” is, and whether the power from the dominant interference can be included in RSSI measurement or not. The Rel.10 eICIC does not resolve the dominant interference problem perfectly, and some remaining interference issue (e.g. legacy transmission (CRS, PSS, SSS…) impact) will be discussed in next release by RAN1. But, essentially, “restricted measurement” in Rel.10 eICIC is aiming to make a communication environment which is free from the dominant interference in the victim cell, and this means that it is reasonable to target the RSSI which is measured in a resource in which dominant interference should not be included. This modified RSSI can resolve measurement ambiguity problem mentioned above.
Proposal 1: The dominant interference by Macro CRS should not be included in RSSI measurement.
The next step is to determine how we can measure the dominant interference-free RSSI. From the view point of RAN1, some modifications of RSSI definition might be needed. In order to remove measurement ambiguity, additional restriction of measurement region (e.g. 1st OFDM symbol should be disregarded if restricted measurement is signaled) can be made in RAN1 specification. And from the view point of RAN4, appropriate test scenarios (which assume dominant interference-free environment) should be defined to verify the restricted RRM measurement in time-domain eICIC. One possible test scenario is that UE disregards the 1st symbol and Macro eNB configures MBSFN-ABS as proposed in [2],[4]. This solution is useful especially in colliding-CRS case for which only MBSFN-ABS configuration is allowed by the RAN4 agreement. We note that it is desirable to apply this test scenario to non colliding-CRS case with MBSFN-ABS configuration as well because the interference situation is equivalent and there is no ambiguity in the OFDM symbol selection for the measurement. As for non colliding-CRS case with normal-ABS, we may not need to define an additional test case because the only difference is that UE is allowed to use the first OFDM symbol. 
Proposal 2: Some modifications of RSSI definition in 36.214 and corresponding test scenarios in RAN4 might be needed.
4. Conclusion

In this contribution, we have discussed measurement ambiguity in RSSI measurement, and corresponding proposals are presented. And our proposals are as follows:
Proposal 1: The dominant interference should not be included in RSSI measurement.

Proposal 2: Some modifications of RSSI definition in 36.214 and corresponding test scenarios in RAN4 might be needed.

5. Reference
[1] R1-110595, LS for RLM/RSRQ/RSRP Measurement Definitions for eICIC, RAN1
[2] R1-110244, Simulation results for e-ICIC RSRP/RSRQ measurements, NTT DOCOMO

[3] 3GPP TS 36.214: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer-Measurements”
[4] R4-110237, Considerations on measurement mismatch problem, LG Electronics
[5] R4-110813, Simulation Results for eICIC Intra-Frequency RRM Requirements, LG Electronics

































































































































PAGE  
1

