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Discussions and Decision
1 Introduction

Inter-frequency support of measurement restriction when considering eICIC was briefly discussed in RAN4#58. However, due to the limited time and prioritisation of work within the eICIC WI in RAN4 as indicated in the reply LS from RAN4 to RAN2 [1], inter-frequency measurement restriction when considering eICIC was not considered in Rel-10. The task on inter-frequency measurement restriction will be considered in the Rel-11 non-CA Further eICIC WI.

Quoting from the Release 11 FeICIC WI objectives:
· Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM 
In RAN4#58, the reply LS from RAN4 to RAN2 provided the following response:

-  RAN4 has considered unrestricted measurements for aggressor cells and found that for intra-frequency measurements, the concerns on RSRQ measurements are not critical. It is noted that RAN4 would develop requirements and test cases, so that consistent UE behaviors would be achieved in the scenarios addressed in the RAN2 LS. 
- RAN4 will prioritize intra-frequency RRM over inter-frequency RRM measurement requirements work in R10. RAN4 has the view that due to lack of time it is not feasible to support inter-frequency measurement with resource restriction for eICIC within Rel-10 time frame.

Discussions have already started in RAN2 on inter-frequency measurement restrictions for Release 11 FeICIC. As shown in RAN4 response to RAN2, there is still further work to be done such as on the accuracy of inter-frequency RSRQ measurements requirements. It is our understanding that RAN2 is waiting for RAN4 response on this (rather than sending another LS to RAN4). With regards to the measurement inaccuracy when measuring inter-frequency macro cell, RAN2 likes to see clarifications for the following cases.
a) measurements are taken only on non-ABS subframes of inter-frequency macro cell
b) measurements are taken on any subframes (ABS and/or non-ABS)
In this contribution, discussions on inter-frequency requirements for eICIC are initiated. It is the purpose of this contribution that the objective and scope of this work in RAN4 can be clearly defined to facilitate smooth progress and updates to other working groups as well. 
2 Discussions 
Inter-frequency macro-pico scenario is shown in Figure 1. MUE1 at location A is instructed to perform inter-frequency measurement on freq1. The network may configure the UE to perform the inter-frequency measurement at location A due to the potential UE off loading to pico cell at this location. Given that eICIC is used at freq 1, inter-frequency measurement on freq 1 may require the restricted measurement subframe configuration for accurate measurement. 
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Figure 1: Inter-frequency macro-pico and macro-femto scenarios

Another deployment scenario considered during Rel-10 eICIC is macro-femto scenario. Non-allowed CSG cell configures ABS subframes to alleviate strong interference on macro UEs in the macro-femto cell region. The main reason for the network to configure inter-frequency measurement is to find an inter-frequency cell for off loading the UE for load balancing reason. The MUE1 will indicate to the macro eNB2 the femto proximity and whether the femto is allowed or non-allowed CSG cell. Even if the MUE1 is handover to the freq 1 at the location A, the UE may experience strong interference as it moves towards the femto hence likely to experience coverage hole on freq 1. Therefore, it is not likely the MUE1in macro-femto scenario needed to be handover to freq1 at location A for load balancing. Therefore, we don’t see a strong reason why the macro-femto scenario should be considered for restricted measurement subframe configuration on inter-frequency measurements. 

Therefore, inter-frequency measurement enhancement should be designed with primary focus on macro-pico scenario. However, if the same enhancement could be applicable for macro-femto, the standard doesn’t need to prevent the use on macro-femto scenario.


[image: image2.emf]MUE1

(

Freq 1 with 

eICIC

)

A

Macro eNB1

eICIC is 

used 

Pico

A

Macro eNB2

A

B

B

MUE2

Macro eNB1


Figure 2: Inter-frequency macro-pico scenarios

Figure 2 illustrates the inter-frequency RRM measurement scenario. MUE1 and MUE2 are served by Macro eNB2. MUE1 and MUE2 are instructed to measure freq1 at location A and B respectively. It is assumed that Macro eNB1 has deployed inter-cell interference coordination using ABS and Macro eNB1 uses omni-directional antenna for scheduling the UEs. It is clear that the inter-frequency measurement taken at location A on pico cell should consider restricted measurement subframe for accurate measurement. However, it was questioned during the last meeting, whether the measurements taken by MUE2 at location B on macro eNB1 would require restricted measurement configuration to archive accurate measurements. Given that macro eNB1 uses an omni-direction antenna, a RSSI by a UE at location B in macro eNB1 is different when considering ABS or non-ABS subframe. Even though RSRP value is the same on both ABS and non-ABS subframes, the RSRQ value will be different due to the differences on RSSI.  The measurements are averaged over a number of samples, however the final results hence the measurement accuracy may depend on whether the measurements are taken on ABS subframes. 
3 RAN4 Inter-Freq Requirements 
In RAN2#73bis, the following has been agreed in RAN2:

-
We will not define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios. 

· If RAN4 identifies a problem regarding RSRQ accuracy for inter-frequency cases, we will attempt to find a solution.  
From the conclusion above, it is our understanding that RAN4 would first discuss if there are implications on the RSRQ accuracy prior to developing the necessary RRM measurements and CSI requirements in RAN4. We perform some basic analysis of the UE measured RSRQ and the results are presented in the section. 

A 2 cell simulation model as depicted in Figure 2 is used for a Macro-Pico scenario. UEs are dropped randomly into the cell and its RSRQ are computed. We have assumed path loss mode, from Tale A.2.1.1.2-3, of 128.1 + 37.6log(R) and 140.7 + 36.7log(R) for Macro-UE and Pico-UE, respectively. Both ISD of 500m and 1732m are used. Transmit powers in ABS and non-ABS subframes are 38.22dBm and 46dBm, respectively. ABS density of 1/8 and 2/8 are assumed.  We have not considered issues related to measurements gaps with TDM measurement opportunities as the intent of this simulation is to provide some preliminary guidance. 

All REs have the same power, which means CRS RE has the same power as that of PDCCH/PDSCH. Similar assumptions have been used in [3].
The RSRQ delta (dB), RSRQ with measurement restrictions minus the RSRQ without measurement restrictions, for Pico target cell, is plotted in Figure 3 and 4 for ISD of 500m and 1732m, respectively. Similar graphs for Macro target cell is shown in Figure 5 and 6. 
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Figure 3: RSRQ “delta” (dB), ISD = 500m, Target Cell: Pico
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Figure 4: RSRQ “delta” (dB), ISD = 1732m, Target Cell: Pico
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Figure 5: RSRQ “delta” (dB), ISD = 500m, Target Cell: Macro
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Figure 6: RSRQ “delta” (dB), ISD = 1732m, Target Cell: Macro
When the measurements target is Pico, the differences in the RSRQ with and without measurements restriction are significant as shown in Figure 3 and 4 (However, note that this scenario has been excluded by RAN2 from further considerations). Even though the same has been observed in [3], these results show the greater percentage of UEs with larger RSRQ differences. With increasing Cell Range Expansion of the Pico, these UEs are further away from the Pico and also with larger RSRQ difference in its measurements.   
For the case when Macro is the target cell, the differences in the RSRQ are significantly smaller with maximum of 1dB. The RSRQ difference is calculated as the measurements with no restriction minus measurements on non-ABS subframes. The results show possible discrepancy of the UE RSRQ measurements of the non-victim macro cell resulting in optimistic RSRQ measurements when UE are not been signaled any measurement restrictions.
4 Summary 
In this contribution, we briefly summarized the status of the discussions on inter-frequency support for eICIC in other working groups and the issues related to RAN4. Some preliminary simulation studies on the impact to RSRQ measurements are presented. It quantifies using path loss simulation model either the pessimistic or the optimistic RSRQ measurements that would result if RSRQ measurements are performed without measurements restrictions. 
Based on this preliminary analysis, it is proposed that RAN4 further study and evaluate the impact on the RSRQ measurements accuracy for inter-frequency, specifically for the scenario when the target measured cell is a non-victim cell. 
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