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Discussions 
1 Introduction 
As pointed out in [2], due to the time constraint and prioritisation of work within the Release 10 eICIC WI in RAN4, the support of inter-frequency measurements restriction was deferred to Release 11 and is now part of the prioritized work in Release 11 FeICIC work item. Discussions on the inter-frequency measurements accuracy for RSRQ have continued since RAN4#62 in Dresden [1],[5],[6],[7]. 

However, inter-frequency RSRQ support for FeICIC discussions have already started in RAN2 resulting in decisions made that has impact on the work in RAN4.  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.  
At the same time, as noted in the RAN4 LS response to RAN2 [3], there is still further work to be done on the accuracy of inter-frequency RSRQ measurements requirements in RAN4. With regards to the measurement inaccuracy when measuring inter-frequency macro cell, it is our understanding that RAN2 likes to see clarifications for the following cases [2].
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 document, we review simulation studies results analysing the above two cases. Our objective is to draw RAN4 conclusions on these two cases and proceed to provide timely response to RAN2.

Other discussions that have been raised in RAN4 on this topic are summarized. These may areas where further studies in RAN4 are needed. However, it is in our view that we provide clear guidance on how they relate to our timely response to other working group.   

2 Scope of RAN4 Response 
As mentioned above, RAN4 was asked by RAN2 to study the measurements inaccuracy aspects when measurements are taken only on non-ABS subframes of inter-frequency macro cells compared to when measurements are taken on any subframes. 

In [1], the following results have been reported: 
1. Case A: When the measurements target is Pico, the differences in the RSRQ with and without measurements restriction are significant. Even though the same has been observed in [4], the 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.   
2. Case B: When the 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.

Since Case A, Macro-Pico inter-frequency offloading has already been excluded by RAN2 from further consideration, we focus on the scenario of Case B. For Case B, the RSRQ difference has been found to be less than 1.2 dB [1]. In [4], similar results are obtained for the difference between RSRQ measured in non-ABS and the average RSRQ for ABS pattern, albeit different values due to the different assumptions in the powers assumed for the ABS and non-ABS subframes. To summarize these studies:
· ABS pattern of 1/8 and 2/8 [1],[4],[5].
· 2-cell layout in [1] and 19-cell layout in [5] are simulated. In [5], both cases of whole macro network mutes in ABS and only target cell mutes in ABS are considered. 
· The same path loss model, from Tale A.2.1.1.2-3, of 128.1 + 37.6log(R) for Macro-UE is used. Both ISD of 500m and 1732m are used in [1]. Transmit powers in ABS and non-ABS subframes are 38.22dBm and 46dBm, respectively in [1] while 35.22 dBm and 43 dBm are used in [5].
· Both studies assumed the case when the ABS contains no transmissions except CRS transmission. In reality, other transmissions such as PBCH and SIBs in ABS and non-zero power ABS will reduce the difference between ABS and non ABS RSRQ.
Based on these studies, we can conclude there is a non-zero difference in the RSRQ measurements between measurements over ABS and non-ABS subrames. While the difference may not be insignificant, it can be resolved when measurements from both ABS and non-ABS are averaged out by UE implementation. 

Therefore, we propose the following to be informed to RAN2:

RSRQ measurements difference or inaccuracy between non-ABS and ABS subframes are found to be small to moderate. However, these differences can be avoided if both ABS and non-ABS are averaged out by UE implementation.  

It should be noted that these differences, albeit small, exist even for intra frequency RSRQ measurements on the non-victim macro. Therefore, it is not unique to only inter frequency RSRQ measurements. Also noted in [5] and [6], this effect is seen in partial loading scenario of the existing networks.
3 Other Considerations

In addition to these simulation results on measurement accuracy, there have been other considerations that have been raised in RAN4. 
1. Inter-frequency synchronization: When measuring inter-frequency neighboring cell on restricted subframes, it is required that there is time synchronization between the different frequencies. This is in order to support signaling of ABS pattern between cells of different frequencies. 

· This is a valid concern where signaling design versus measurement performance that should have been for further considered in RAN4 if needed.  However, as pointed out in the above, RAN2 decision not to support Macro-Pico inter-frequency offloading should address this concern.  

2. UE having to support ABS and non-ABS based measurements: The UE may require to measure the pico cell using ABS subframes and if non-ABS measurements are required for macro cell, then in some scenarios both ABS and non-ABS based measurements are required to be performed on the inter-frequency.  
· Averaging the RSRQ over ABS and non-ABS for these UEs would remove this added complexity.  Furthermore, as pointed out in [5], average RSRQ is also used as trigger for emergency handover in Release 8. 
3. Interactions with measurement gaps: The network needs to configure the inter-frequency measurements taking measurements gap into its configurations. Within the 6ms measurements gap, possible ABS and non-ABS subframe can be configured. This also meant that for macro cell measurements, both ABS and non-ABS subframes would be averaged as the limited number of ABS subframes available within the measurement gaps could impact the measurements accuracy.

· RAN2 decision not to support Macro-Pico inter-frequency offloading should address this concern. 

4. Additional handover resulting in increased signaling overhead [1], [6], [7]. To circumvent the inter-frequency offloading, existing inter-frequency handover (without restricted measurements) followed by intra-frequency offloading to Pico can be performed with legacy mobility procedures.

· This has been studied in RAN2 when decision to not support this offloading is taken. From RAN4 perspective, if there are foreseen issues with this 2-step handover then it should be raised and discussed.      

4 Conclusions

In this document, we review the findings from the simulation studies in RAN4 [2]-[4] on the measurements accuracy in the macro-pico deployment scenarios.  The different issues that have been brought to the attention of RAN4 related to the inter-frequency eICIC support are reviewed and our view and responses to them are provided.

Based on these discussions, we propose the following report back to RAN2: 
- RSRQ measurements difference or inaccuracy between non-ABS and ABS subframes are found to be small to moderate. However, these differences can be avoided if both ABS and non-ABS are averaged out by UE implementation.  
A draft LS reply to RAN WG2 has been proposed in [8].
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