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1
Introduction
In RAN4 #51-bis, LS on handling of non-allowed CSG cells was sent to RAN4 by RAN2 [1], and it was intensively discussed how interference problems caused by non-allowed CSG cells should be solved without any unnecessary cell reselections [2-4]. The interference problems are illustrated in Figure 1, in which the DL transmission from a macro-eNB to a UE that is close to a Home eNB is severely interfered from the DL transmission from the Home eNB.
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Figure 1: DL interference from Home eNB to Macro UE
Here, it should be noted that the above interference problems could happen not only in Macro eNB/Home eNB (CSG cells) co-existence but also in Macro eNB/Indoor eNB (open cells) co-existence, because Macro UE would not make neighbour cell measurements when the serving cell RSRP is higher than Sintrasearch, i.e. in case that Macro cell RSRP is higher than Sintrasearch and Indoor cell RSRP is much higher than Macro cell RSRP, the DL transmission from Macro eNB is severely interfered from the DL transmission from the Indoor eNB and the Macro UE would miss paging in idle mode. It is noted that not only paging message (UE-terminated call), but also UE-originated call would be dropped, and such problematic situations would continue because it would depend on UE implementation whether UE make neighbour cell measurements or not during the connection establishment procedures. 
This contribution discusses the above issues and proposes the way forward for both Release 8 and Release 9.
2
Background
This section briefly discusses interference problems in case of Macro eNB/Indoor eNB (open cells) co-existence.
As illustrated in Figure 2, indoor cells would in general exist in the whole regions of the macro cell coverage, i.e. not only in the macro cell edge regions (Indoor cell #A in Figure 2), but also in the vicinity of the macro cell (Indoor cell #C in Figure 2). For the indoor cell (Indoor cell #C), which exists in the vicinity of the macro cell, the macro cell RSRP level would be higher than Sintrasearch in the boundary of the macro cell and the indoor cell, and therefore Macro UE in idle mode would not notice that the indoor cell is the best cell when it goes into the indoor cell coverage. In such scenarios, if the traffic load in the indoor cell is high, the DL transmission from Macro eNB is severely interfered from the DL transmission from the indoor eNB and some significant problems would happen, especially for idle-mode UE.
[image: image2.emf]Macro cell

Indoor #A

Indoor #C

Indoor #B

Macro cell

Indoor #A

Indoor #C

Indoor #B


Figure 2: DL interference from Indoor eNB to Macro UE

As an example, Figure 3 presents measurement results for CPICH Ec/N0 vs. RSCP for Macro UE, which is located in the indoor areas in our actual UTRA network. They are measurement results for UTRA, but similar behaviour could be observed in E-UTRA. It is noted that data for low RSRP values could not be observed in this scenario, because such low-RSRP cells could not be detected due to the interference from the indoor cells.
From the results, it can be seen that poor CPICH Ec/N0 values (e.g. lower than -20 dB) could be observed in the regions where RSCP values would relatively high (e.g. higher than -85 dBm). It is noted that since the typical value for Qrxlevmin would be approximately -115 dBm in UTRA, RSCP values of -90 ~ -80 dBm would be quite high values. It implies that network operators need to set Sintrasearch value to quite high values if cell reselection is conducted based on RSCP, instead of CPICH Ec/N0, and as a results UE power consumption in idle mode would significantly increase in such areas. It is noted that network operators would try to conduct cell planning so that such problematic areas shown in Figure 3 would not happen, but perfect coordination between the macro cells and the indoor cells would be impossible in real life.
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Figure 3: CPICH Ec/N0 vs. RSCP for Macro UE in indoor area
Furthermore, it is expected that heterogenerous network deployments would be more popular in the near future in order to increase the cell capacity. Actually, hot spots cells have already been deployed in very high traffic areas, such as the downtown of Tokyo. The above DL interference problems would also happen in such deployment scenarios, in which cells are not well coordinated with each other.
It is true that techniques for adaptation of the indoor eNB DL transmit power could mitigate the interference problems to some extent similarly to Home eNB scenarios, but some other issues might happen as follows. In the Macro eNB/Indoor eNB (open cells) co-existence scenarios, handover performance would be quite important because the indoor cells are open. It means that coverage holes due to low DL transmission power must be avoided and as a result such mitigation technique could not provide perfect solutions from an interference point of view. Furthermore, it would be desirable to align the cell boundary between the Macro cell and the Indoor cell with the actual building boundary, from a user experience point of view. For example, the indoor users in upper floors of high-rise building should camp on the indoor cell as the serving cell instead of the macro cell in order to avoid uplink interference problems. This aspect would also reduce the effects of the above mitigation techniques.
It should be noted that if cell reselection behaviours are designed based on CPICH Ec/N0 in UTRA, there would be high probability that the above interference problems would happen in LTE network, which would be co-located in UTRA network. One simple solution would be increasing the Sintrasearch value so that the Macro UE would make neighbour cell measurements more frequently and could notice that the best cell has been changed to the indoor cell and appropriately make reselection to it when it goes into the indoor cell coverage. Needless to say, however, it directly affects UE power consumption in idle mode and leads to poor battery life in E-UTRA. Another solution would be introducing SIR-based metrics, such as RSRQ, RS-SIR, wideband CQI, for cell reselection. This approach would be possible for Release 9 and later, but not for Release 8, because there have been a lot of discussions for RSRQ-based cell reselection in Release 8 and it was concluded that RSRQ-based cell reselection should not be introduced in Release 8. Furthermore, ping-pong issues should also be investigated carefully if the SIR-based cell reselection is introduced.
In the next section, we list possible solutions and discuss the way forward so as to solve the issues. 
3
Possible solutions and Way forward
Possible solutions are listed as follows:
Solution 1:

Network operators would increase the Sintrasearch value so that Macro UE would make neighbour cell measurements more frequently and make cell reselections appropriately when DL interference due to indoor cells might happen. It is noted that there would be no need to change any specifications, but UE power consumption in idle mode would significantly increase, which might not be acceptable from an operator point of view. It implies that further improvements would be required in Release 9 and later.
Solution 2:

SIR-based cell reselection would be introduced in the 3GPP specification. It means that both cell ranking for reselections and evaluation of Sintrasearch are based on SIR-based metric (e.g. RSRQ). Similarly to UTRA, network operators could choose SIR-based metric or S-based metric (RSRP) as a cell reselection metric. Candidate for the SIR-based metric would be RSRQ, RS-SIR, wideband CQI, hypothetical PDCCH BLER, and so on. In this solution, Macro UE could start the neighbour cell measurements if the SIR-based metric is lower than Sintrasearch and then make cell reselection to the indoor cell similarly to CPICH Ec/N0-based cell reselection in UTRA. One concern is that SIR-based cell reselection would cause unnecessary ping-pongs in reselection, which should carefully be studied. As discussed above, furthermore, it would be too late for Release 8 because ASN.1 has already been frozen and signalling to choose one of the two metrics could not be added. This solution would be applied to Release 9 and later. 
It is noted that even if this solution is applied to Release 9 and later, Release 8 UE still needs to make reselection based on S-based metric (RSRP). It indicates that Sintrasearch for Release 9 should be defined separately from that for Release 8.
Solution 3:

UE would make cell ranking for cell reselections using S-based metric (RSRP) as specified in Release 8, but evaluation of Sintrasearch should be based on SIR-based metric (e.g. RSRQ). This solution would impact UE implementation, because it would be definitely a new feature. Furthermore, if S-based metric or SIR-based metric would be selected for the evaluation of Sintrasearch by network operators, or if both S-based metric and SIR-based metric would be used for the evaluation of Sintrasearch, additional signalling would be needed and it would not be feasible for Release 8.

Similarly to Solution 2, even if this solution is applied to Release 9 and later, Release 8 UE still needs to make the evaluations for Sintrasearch using only S-based metric (RSRP). It indicates that Sintrasearch for Release 9 should be defined separately from that for Release 8.
Solution 4:

This is a simplified one of Solution 3. In this solution, UE would make cell ranking for cell reselections using S-based metric (RSRP) as specified in Release 8, and evaluation of Sintrasearch should be based on both SIR-based metric (e.g. RSRQ) with hard-coded threshold and S-based metric (RSRP) with network-signalled threshold. That is, UE would start neighbour cell measurements when RSRQ is lower than the hard-coded threshold or RSRP is lower than the network-signalled value. This solution does not need additional signalling, and might be applicable in Release 8 time frame, although it is definitely a new function for Release 8. It is noted that this solution would be quite similar to RSRQ-based approach which is currently discussed in the handling of non-allowed CSG cells.
It is proposed that a value of the hard-coded threshold should be the same as the one in which radio link failure would happen. The rationale for this is explained as follows: If the threshold can be signalled by network, it should be optimized to achieve both reasonable battery life and good mobility performance. As it is hard-coded, however, such optimization could not be achieved and it would be reasonable approach to avoid the worst condition such as radio link failure. If the RSRQ-based approach would be agreed for the handling of non-allowed CSG cells, the same hard-coded threshold could be applied to this solution.
Considering all aspects, such as system performance, UE complexity and time scheduler for Release 8, it is proposed that Solution 1 should be adopted for Release 8, and further improvement should be discussed for Release 9 (Solution 2 or 3 for Release 9). It should be noted that if Solution 2 or 3 for Release 9 is introduced, Sintrasearch should be defined separately from that for Release 8. 

Proposal 1: For Release 8, Solution 1 should be adopted for Release 8 (No actions for Release 8). 
Proposal 2: For Release 9, further improvements, such as Solution 2 or 3, should be introduced. 

Proposal 3: If Solution 2 or 3 is introduced in Release 9, Sintrasearch should be defined separately from that for Release 8.
4
Conclusions
This contribution discussed issues on DL interference problems in Macro eNB/Indoor eNB co-existence in E-UTRA. When the indoor eNB exist in the vicinity of the macro cell, the macro cell RSRP level would be higher than Sintrasearch in the cell boundary, and therefore Macro UE in idle mode would not notice that the indoor cell is the best cell when it goes into the indoor cell coverage, which might cause severe DL interference problems when the traffic load in the indoor cell is high. To mitigate such issues, this contribution proposed way forward in the following based on the analysis on system performance, UE battery life, and time schedule for Release 8:

-Proposal 1: For Release 8, Solution 1 should be adopted for Release 8 (No actions for Release 8).  
Proposal 2: For Release 9, further improvements, such as Solution 2 or 3, should be introduced. 

Proposal 3: If Solution 2 or 3 is introduced in Release 9, Sintrasearch should be defined separately from that for Release 8.
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