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1. Introduction
In this contribution we consider TDM eICIC and its relationship to other release 8/9 features. We propose that it would be highly beneficial to study the receive performance of UE in almost blank subframes in order to better understand the proper methodology for developing RRM requirements. We also provide some initial thinking related to the idle mode requirements for release 10 UE and also discuss the possible uplink interference environment.
2. Discussion

Until now, much of the discussion on release 10 work to introduce RRM/RLF/CSI requirements for TDM eICIC has focussed on how to set measurement requirements (including RLF and CSI) based on a restricted set of subframes. Before RAN4 embarks on this exercise, we think it is important to consider some of the methodology under which measurements (including RLF/CSI) are expected to work.
In general terms, different kinds of UE measurement are attempting to ascertain or predict the quality of service that can be obtained on different kinds of cells. RSRQ predicts the quality of neighbour cells (usually on other carrier frequencies) whereas RLF and CQI measurements are related to the serving cell. It is important that such measurements truly reflect the likely performance of the UE receiver, so that, for example the UE declares RLF and does not remain in RRC connected state when signalling has become unreliable, but at the same time does not declare radio link failure too easily when the radio link may still be usable. Similar considerations can also be given to RSRQ and CQI. In other words, they need not just to be accurate measurements when considered against their specification definitions, but the specification definitions also need to make sense against the use cases for the measurements.
In considering TDM eICIC, the assumption is that in almost blank subframes, the interference is much less harmful, allowing a restricted service to be obtained, even in locations where there would otherwise be severe interference problems. The intention is to reflect this in RRM/RLF/CSI measurements by restricting those measurements also to the almost blank subframes. Hence, we think it is necessary to validate the UE demodulation performance in such scenarios, noting the RAN4 way forward states that the “Baseline receiver assumption for eICIC RAN4 RLM/RRM requirements should be the same as rel8/9 baseline receiver based on current RAN1 decision.”. Such validation means in practical terms that RAN4 should gain an understanding of the situations in which restricted service can be obtained due to use of near blank subframes, and ensure that measurements are possible with requirements which reflect the situation.
In [1] it was stated that time domain coordination has a similar impact to UEs as a normal network under partial load conditions. However, we should keep in mind that release 8 physical layer has been developed under coordinated deployment assumptions and severe interference levels with this signal structure have not been considered earlier. Hence, before concluding that RRM/RLF performance requirements based on a TDM pattern are appropriate, it is necessary to verify the performance of physical channels in the presence of severe interfering signals with almost blank subframe structure, and understand (e.g. at the system level) the likely SIR distributions in a typical eICIC deployment along with the UE receiver performance and RRM/RLF/CSI measurements at some typical SIR operating points. This approach allows verification that the UE receiver goes into outage well correlated with RRM/RLF/CSI indications of the outage.
In [3] we examine the performance of the agreed baseline receiver. In addition for this work being necessary to validate the RRM work, it can also be noted that this is useful to get an understanding of the basic performance of a release 8/9 UE which does not have any awareness of the TDM eICIC pattern.
Another aspect which should be addressed is to understand the relationship between this, and other features which have already been introduced to partially address co-channel deployment of uncoordinated femto and pico cells. In general, some features will be complementary, whereas some features might be regarded as alternative but non-complementary solutions addressing the same problem. This may have implications for the work, for example if some of the alternative solutions in release 8/9 would cause undesired behaviour for UE which support TDM eICIC measurements then it would be necessary to ensure that such features could be turned off when UE support TDM eICIC. This particularly relates to idle mode parameterisation which is generally included in broadcast system information and common to all UEs unless some different parameters are introduced.
In table 1 we review some of the techniques and tools which have previously been proposed to address co-channel deployment of uncoordinated access points, especially femto cells and we consider briefly whether these are complementary to TDM eICIC or alternative approaches.
	Technique
	Comments

	HeNB power control
	This is very much complementary to any eICIC techniques and as has been discussed already should be considered as a baseline technique on which further interference management procedures may be developed.

	RSRQ based handover (release 8)
	This may be considered more complementary to FDM eICIC, since it assumes the existence of another carrier where service may be offered. It is true that such a carrier may be on different RAT (eg GERAN) and offering significantly lower user experience.

	RSRQ based reselection (release 9)
	Similar considerations to RSRQ. However, since thresholds are broadcast, particular care is needed on idle mode behaviours and specifically whether the same threshold is appropriate for a release 9 UE and a release 10 UE which may have different idle mode measurement behaviour.

	Open access
	It can be considered to reconfigure certain closed access points to open access mode, in case they are located in a place where they will cause significant problems to a large number of users by being closed (e.g. public area). Pico range extension techniques from TDM eICIC would not seem appropriate in this case, since the backhaul may already be a bottleneck.


3. Idle mode considerations

There has already been considerable discussion in RAN4 reflector on how the idle mode UE mobility behaviour should be specified for a release 10 UE, with the assumption that it has the same paging reception performance as a release 8/9 UE. Since the macro network has no information on the location of any UE that is in idle mode beyond tracking area, it seems difficult to page particular UE that are in the presence of interference in ABSF. The only option would appear to be to restrict paging of all UEs to almost blank subframes, but this seems likely to cause paging congestion. Hence we assume that paging itself is not specifically protected from interference. 

In particular, we think it would be good to consider how parameters as Thresh, serving_low and Qqualmin interact with the possible TDM eICIC scheme. The exact parameterisation can be considered either as a level below which paging reception fails, or a level below which no meaningful service is possible to be offered. Similarly as for paging, it is difficult to restrict the common parameters for individual UEs, so all UEs would have to utilise the same parameters. 
For a release 8 UE, there is no RSRQ measurement possible in idle mode. When RAN4 was working on release 9, it was often stated that one of the limitations of a release 8 device was that it might remain camped on an E-UTRA macro cell in the vicinity of a coverage hole when it was unable to obtain service. In this context, ABSF may then actually be a technique which could offer some possibility for release 8 devices to get service in these situations.

Considering release 9 devices, these offer the possibility to configure reselection and loss of service based on RSRQ as well as RSRP. One concern which has been expressed is that this RSRQ based reselection may trigger a reselection to another carrier or RAT such as GERAN in the face of interference. For a release 9 UE the option still exists not to configure reselections based on RSRQ, and to revert to the release 8 behaviour, and that might be seen as desirable depending on the performance of release 9 UE when ABSF is used. Alternatively, a different RSRQ threshold may also be used, but this would have to apply for all UEs. The restrictions would also have to be known by UEs measuring the frequency layer using TDM eICIC to get comparable measurement results, or ping-pong reselections between layers may occur.
When it comes to release 10, a question discussed on the RAN4 reflector is whether RSRQ (and RSRP) should be based on restricted measurement opportunities, or using a similar approach to release 8/9. We think this depends to an extent on the tuning of Qqualmin and Thresh,serving_low. If the objective is to reselect at an interference level when paging can no longer be received then release 8/9 behaviour is appropriate, assuming that paging itself is not protected for reasons mentioned due to paging congestion. On the other hand, if reselection thresholds are not really set by paging reception failure itself, but rather chosen so that a certain minimum level of service should be possible then it may be appropriate to consider modified requirements which somehow account the indicated ABSF pattern. However, idle mode power consumption needs to be carefully considered, and similarly to the existing approach in 25.133 and 36.133 it is desirable to avoid specifying too much detail on exactly when measurements are sampled.
4. Uplink interference considerations

Another aspect of TDM eICIC which is of relevance and has not yet been much considered in our understanding is uplink interference. So far the focus has been on the interferer victim UE, and trying to find ways via ABSF to schedule it when interference is reduced. On the other hand, for HeNB usage, the HeNB will also be a victim to uplink interference from macro UEs, and techniques to allow UE to remain in RRC connected state with greater downlink interference mean that HeNB will suffer more uplink interference, if a macro user comes within the coverage area. This is not necessarily a problem but it does indicate that TDM eICIC can create different tradeoffs, eg where macro interference issues are alleviated but more impacts to HUE are experienced. This is the reason why for coordinated and planned network deployment it is generally important to connect to the cell with least pathloss. We think that the HeNB as a victim of interference should potentially also be considered when RRM measurements and RLF algorithms are considered for eICIC, and keep in mind that a tradeoffs between macro user experience and user experience of HeNB that is being addressed. Using the muting will anyway reduce the capacity of the cell using the ABSF, which may make the muting not as attractive in some situations. 
5. Conclusions

In this contribution we have provided further considerations for time domain eICIC techniques which RAN4 may wish to consider. First we provide some motivations for validating the RRM/RLM/CSI changes by studying  UE receiver performance in the presence of near blank subframes and uncoordinated deployment. We also provide some preliminary considerations on how TDM eICIC techniques might relate to other features that could be used to address especially co channel femto deployments. Finally we provide some thinking and views on idle UE and uplink interference considerations.
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