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1  Introduction
There has been a lot of discussion regarding the possible interference issues with Hetnet-type of deployments in RAN1, and e.g. enhanced inter-cell interference coordination (eICIC) solutions have been considered as a possible remedy. In the RAN1 #62 meeting, the proposals were analysed and the following way forward was agreed for Rel-10 functionalities:

· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

(*) if MBSFN is configured almost blank subframe does not contain CRS in the data region.
Consequently, LS was sent to RAN2/3/4 in R1-105094. Since the way forward agreement states that time-domain solution and coordinating UE measurements are required, RAN2 should prepare to specify the corresponding signalling and procedural text. Thus, the topic of this contribution is network-2-UE signalling for facilitating time-domain (TDM) eICIC. In Section 2 we further summarize the basics of the TDM eICIC proposal, followed by a more detailed discussion of the possible network-to-UE signalling in Section 3. Finally, Section 4 contains summary and concluding remarks.

2  Summary of the TDM eICIC principles
The basic principle of TDM eICIC is to have coordinated use of “almost blank” sub-frames (only CRS are transmitted in “almost blank sub-frames”). The TDM eICIC scheme is illustrated in Fig. 1 for the macro+HeNB case, where the HeNB only transmit in certain sub-frames. During the time-periods with almost blank sub-frames from the HeNBs, the macro-users close to the HeNBs shall be served, i.e. when there is no excessive HeNB interference. As summarized in Section 1, there is no backhaul coordination of the time-domain muting pattern, so configuration of the muting pattern for the HeNBs is assumed to come from centralized entity (such as OAM). The Macro-eNBs are assumed to also know the muting pattern used by the HeNBs within their coverage area. It is therefore valid to assume that muting patterns (for all eNBs) remain constant for a relatively long time-period, i.e. the muting patterns for a given eNB does not change very often.
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Fig. 1 Example of TDM eICIC scheme for the macro+HeNB case.

The second use-case for TDM eICIC is for scenarios with co-channel deployment of macro and pico nodes as illustrated in Fig. 2. Here the idea is that the macro-eNB starts to mute (i.e. using so-called almost blank sub-frames) some of its sub-frames. During the muted sub-frames, the pico node is able to schedule users that would otherwise experience too high interference from the macro layer. Muting of more subframes at the macro-eNB does therefore enable higher off-load potential by making more users able to be served by the pico nodes. However, muting sub-frames at the macro-eNB will of course also mean lower macro-cell capacity, so the muting pattern at the macro cells needs to be carefully optimized in order to achieve real gains from TDM eICIC in a macro+pico scenario. For the macro+pico case, the coordination of used muting pattern can be via the backhaul such as X2. However, in order to ensure high system stability and robustness, we still assume that muting patterns will be semi-statically configured and remain constant for time periods of at least several tens of seconds or even longer. Therefore, also in this case we can assume that the muting patterns are not changing very often compared to the usual time periods for UE measurements (i.e. tens of hundreds of milliseconds).
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Fig. 2: Example of TDM eICIC scheme for the macro+pico case.
As discussed in several RAN WG1 contributions, for TDM eICIC to work optimally, the Rel-10 UEs will have to be informed which subframes are muted. The latter is used by the Rel-10 UEs so they only conduct radio link failure monitoring, radio resource management measurements, and channel state information measurements during certain subframes. As quoted also in Section 1, RAN1 have therefore concluded the following is of importance to have good support for TDM eICIC:
· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources
The “restricted to certain resources” means that the UEs would be signalled a set of subframes where the measurements can be done. This is the same regardless of use case, but usage of the restrictions varies for the two use cases of TDM eICIC:
· Macro+HeNB case: In this case, the macro UEs would be the target of the TDM eICIC: Rel-10 macro-UEs close to non-allowed CSG HeNBs would restrict their measurements to the sub-frames where the HeNB(s) are using almost blank subframes, to have the measurement reflect the quality only during the time-periods where such UEs are schedulable. The set of subframes during which the RLM/RRM/CSI measurements are not allowed would be signalled for those UEs.
· Macro+pico case: In this case, the pico UEs would be the target of the TDM eICIC: Rel-10 pico-UEs (that would otherwise be sensitive to macro-layer interference) would restrict their measurements to the sub-frames where the macro-eNB(s) are using almost blank subframes, to have the measurements reflect the quality only during the time-periods where such pico-UEs are schedulable. The set of subframes during which the RLM/RRM/CSI measurements are not allowed would be signalled for those UEs.
Even though the two use cases would utilise the TDM eICIC mechanism differently, the common element of signalling the restrictions is exactly the same in both: The UE is signalled when it is not allowed to do measurements. 
It is assumed that RAN4 will conduct more detailed performance and requirement studies for imposing the UE measurement restrictions/recommendations, but it would seem that RAN2 should prepare by investigating the possible signalling options for these restrictions. Further, while it would seem that these measurement restrictions are mainly for active mode UEs, it is not obvious whether it would make sense that (the RRM measurements of) idle mode UEs would also be affected.
Given these fundamentals of TDM eICIC, we make the following observations:
· Observation #1: Rel’10 needs to support Network-to-UE signalling that configures in which subframes the Rel'10 UEs are not allowed to do RLM/RRM/CSI measurements.

· Observation #2: As the TDM eICIC muting pattern configured for the eNBs (either HeNBs or macro-eNBs) is assumed to change at a relatively slow rate, the signalling for the UE measurement restrictions does not have to be fast.
· Observation #3: Only a certain sub-set of Rel-10 UEs need to be configured with these special measurement restrictions, i.e. not all Rel-10 UEs need to be configured with the restrictions.
· Observation #4: The Rel’10 Network-to-UE signalling for configuring the measurement restrictions shall be supported by active mode UEs. 

3  Signalling of the TDM eICIC UE measurement restrictions
Given the observations in Section 2 we further discuss the options for standardizing the required network-to-UE signalling for TDM eICIC in this section. 
The consequence of Observation #2 (i.e. muting patterns are not expected to change rapidly) is that neither physical layer signalling nor layer-2 MAC signalling seems to be required, because there is no need to signal very fast changes to UEs utilising the restrictions. This leaves us with two choices: the use of RRC signalling and/or cell-broadcast signalling.
Based on Observation #3, using RRC signalling would have the obvious advantage of being UE-specific, and this would, as well, support the other observations, especially Observation #4 since idle mode UEs would not utilise the restrictions. On the other hand, if majority of Rel-10 UEs would anyway be configured with same measurement recommendations, using cell broadcast signalling could also be considered. For example, broadcast signalling could also be supported, while still meeting the requirement in Observation #3, as follows: 
· Cell broadcast signalling is used to set the default configuration of “restricting RLM/RRM/CSI measurements for Rel-10 UEs”.

· UE-specific RRC signalling can afterwards be used to signal alternative measurement configurations. 

Our recommendation is that RAN2 should further study the pros and cons of the signalling possibilities: Relying solely on RRC signalling vs. relying only on broadcast signalling vs. a hybrid combination of cell-broadcast and RRC signalling (as outline above). Performance metrics for such a comparison could be signalling load, flexibility and reliability, overall system complexity, etc. 
Moreover, for RAN2 to proceed with detailed TDM eICIC network-to-UE signalling, the exact content of such signalling also needs to be further clarified. Our understanding is that the content of such signalling shall basically correspond to the muting pattern used at eNB (which may be either a HeNB or a macro-eNB, depending on the scenario), as also discussed in Section 2. Hence, the “size” of such network-to-UE signalling messages becomes a function of the number of allowed muting pattern combinations. However, the work on the possible muting patterns is ongoing in RAN1 (e.g. the RAN1 contribution [4] proposes to have standardized five possible TDM eICIC muting patterns for FDD), so the exact details cannot yet be captured in RAN2.
4  Conclusion
Given the fundamentals of TDM eICIC, we make the following observations on the requirements for supporting network-to-UE signalling for Rel-10 terminals:

· Observation #1: Rel’10 needs to support Network-to-UE signalling that configures in which subframes the Rel'10 UEs are not allowed to do RLM/RRM/CSI measurements.

· Observation #2: As the TDM eICIC muting pattern configured for the eNBs (either HeNBs or macro-eNBs) is assumed to change at a relatively slow rate, the network-to-UE signalling to configure Rel-10 UEs in which subframes they are recommended to measure does not have to be fast.
· Observation #3: Only a certain sub-set of Rel-10 UEs need to be configured with these special measurement restrictions, i.e. not all Rel-10 UEs need to be configured with the restrictions.

· Observation #4: The Rel’10 Network-to-UE signalling for configuring the measurement restrictions shall be supported by active mode UEs.  

Based on these observations, we propose the following: 

Proposal 1: RAN2 should further study the pros and cons of the TDM eICIC signalling options. Identified options are: 1) RRC signalling only or 2) Broadcast signalling only or 3) A hybrid combination of cell RRC and broadcast signalling. 
However, before RAN2 can complete exact details of TDM eICIC network-to-UE signalling, it needs to be further clarified exactly just what needs to be signalled to Rel-10 UEs. Our understanding is that the content of such signalling shall basically correspond to the muting pattern used either at the HeNBs or macro-eNBs. Discussion of possible muting patterns is ongoing in RAN1. 
Finally, it is recommended that RAN4 would clarify whether the measurement restrictions (and therefore the need for network-to-UE signalling) need to be supported by idle mode Rel-10 UEs, too, or whether the Observation #4 is sufficient for Rel’10.
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