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1. Introduction
At RAN1#62bis, a WF on time-domain extension of Rel 8/9 backhaul-based ICIC was agreed [1]. For the backhaul signalling, RAN1 agreed on the following:
· One bitmap indicates the subframes which are ABS

· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements
· New IE to indicate ABS pattern and number of CRS ports over X2 is recommended to RAN3
The intention with the second bitmap is to indicate those almost blank subframes of the ABS pattern that the sending eNB (macro) intend to keep static, whereas the remaining ABS of the ABS pattern should reflect the particular traffic situation in the sending cell and thus might be changed more or less frequently. By keeping one part of the ABS pattern static, UEs restricted to perform RLM/RRM measurements in this subset of almost blank subframes would not need to re-configure their RLM/RRM measurements whenever the ABS pattern is changed. Hence, RAN1 agreed on the following with respect to RRC signalling related to RLM/RRM and CSI measurements [1]:
· RRC signalling for resource specific RLM/RRM measurement

· RRC signalling for CSI measurements
· UE is signalled across which resources interference can be averaged for CSI reports
· Details of how to modify the 36.213 CQI definition FFS
· Signalling details FFS in RAN1
· Performance requirements FFS in RAN4
In this contribution, we discuss and express our view on details of restricted CSI measurements in heterogeneous network deployments. HetNet aspects on CSI-RS are addressed in [2].
2. Discussion
CSI reports
As stated in the WF [1], the purpose of RRC signalling related to CSI measurements is to indicate which resources interference can be averaged for CSI reports. This restricted set of resources should preferably align with subframes users are supposed to be scheduled within. In the case of macro-pico deployments with ABS, users associated with a macro cell can be expected to be scheduled in normal subframes only
, whereas pico users may either be scheduled in subframes aligned with ABS only or in arbitrary subframes, depending on their location within the pico cell.
Figure 1 illustrates the scenario with a pico user (PUE1) in the vicinity of PeNB (and can thus be scheduled in all subframes) and a pico cell edge user (PUE2) facing high interference from MeNB. Given these two situations, one may foresee a need in the pico cell for a CSI report containing CQI information reflecting subframes aligned with ABS and subframes not aligned with ABS at the macro layer. However, adding more bits to the CQI reports need careful considerations and should be avoided unless significant gains can be shown, or if there are other ways of obtaining basically the same information.
Proposal 1: No additional CSI bits or reports for reporting radio conditions in heterogeneous network deployments
According to [3], a UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH in subframe n+k , upon receiving in subframe n either a DCI format 0 or a Random Access Response Grant (if the respective CQI request field is set to 1 and is not reserved). Thus, with aperiodic reports, the pico eNB has the possibility to request a CSI report at time instant n, reflecting channel conditions in a particular subframe. One example of reusing the principle of aperiodic CSI reporting in heterogeneous deployments, i.e. to explore channel conditions in either protected or non-protected subframes, is to let the CSI report be based on measurements in subframes of the same type as the subframe the UE receives the CSI reporting grant. As discussed in the previous meeting, the protected (or non-protected) subframes can be indicated to the user by higher layer signalling of a set of restricted subframes
. Users at the macro layer, i.e. users expected to be scheduled in non-protected subframes only, should preferably receive CSI reporting grants in subframes of the ABS pattern corresponding to normal subframes.
Proposal 2: For aperiodic CSI reporting in HetNet operations with ABS, CSI measurements can be based on the type of subframe in which the UE receives the corresponding CSI reporting grant.
If the PeNB sends an aperiodic CSI reporting grant to a cell edge user in a non-protected subframe, this user might not be able to detect the grant and thus might not provide any feedback. However, a user within the RSRP coverage of the pico cell will be able to detect the grant and transmit a CSI report. If the PeNB does not receive a CSI report, then it has the possibility to send a grant in a protected subframe in which the cell edge UE can respond by sending a CSI report reflecting radio conditions in the protected subframes. The PeNB could then prioritize to schedule that particular cell edge user in the protected subframes only.
In the case of periodic CSI reporting and low scheduling activity, the CSI measurements could be based on the signalled set of restricted subframes, and in the pico case thus reflect radio conditions in the protected subframes. For users at the macro layer, the set of restricted subframes would correspond to the non-protected subframes, i.e. subframes of the ABS pattern corresponding to normal subframes.
Proposal 3: For periodic CSI reporting in HetNet operations with ABS, CSI measurements can be based on signalled set of restricted subframes.
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Figure 1 A Pico eNB (PeNB) serving one user within RSRP coverage (PUE1) and one user operating in the extended cell range (PUE2). 
Signalling of a restricted set of resources for CSI measurements may either be cell specific or dedicated, or both. In the case of pico’s being deployed within the coverage of a single macro cell, as illustrated in figure 1, then cell specific RRC signalling only would be sufficient for signalling the restricted set of resources as the ABS pattern would be unique for the users within the whole pico cell. 
Observation 1: Cell specific signalling of restricted set of resources for CSI measurements could be sufficient when pico cells are deployed within one macro coverage area only.
However, in the case of pico’s being deployed at the macro cell borders, the ABS pattern facing by pico users may differ with their location in the cell as macro cells may very well have different ABS pattern. This situation is illustrated in figure 2 where the cell edge user PUE1 could be scheduled in subframes aligned with the ABS of MeNB3, whereas the cell edge user PUE2, facing interference from MeNB1 and MeNB2, may be scheduled in a macro neighbor common subset of ABS, which in this example corresponds to the ABS pattern of MeNB3. Pico cells are likely to be deployed on macro cell borders with the aim of off-loading macro users with worst radio conditions as well as providing a more uniform user experience throughout the system. Furthermore, traffic load is not uniformly distributed within the system in general, and macro cells will most likely not accommodate the same amount of pico cells. Hence, scenarios of pico cells being deployed at macro cell borders together with different ABS patterns of neighbor macro’s do need to be addressed. 
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Figure 2 Pico users attached to a pico cell deployed at macro cell borders may face different ABS pattern dependent on their location within the PeNB.  ABS pattern of HeNB should not overlap with the ABS patterns of the macro cells.  

The illustration in figure 2 thus indicates that the location of the pico cell edge users within the cell will influence the scheduling in protected subframes, and that CSI measurements in restricted set of subframes should perhaps be different for different pico cell edge users, implying that dedicated signalling could be of interest. However, an alternative to dedicated signalling (and thus avoid cell edge user location dependent signalling) could e.g. be to take advantage of a common subset of ABS of the neighbor macro cells, and then use any protected subframe outside this subset in an opportunistic way. Other options to dedicated signalling could be to operate pico cells with no RSRP offset in cases with pico cell deployments on macro cell borders, or to force all neighbor macro’s to use the same ABS pattern, independent of pico traffic and pico cell distributions across neighbor macro cells. The latter two options occur to be rather restrictive.
Observation 2: UE specific signalling of restricted set of resources for CSI measurements could be of interest when pico cells are deployed on macro cell edge borders.
In the case of macro-femto (CSG) deployments, a macro user, or a pico user, communicating with its serving cell and which is within the coverage of a HeNB would need to be scheduled in subframes aligned with ABS of the HeNB. The ABS of the HeNB should not be time aligned with the ABS of the macro cells as illustrated in the lower part of figure 2. A MUE that has been instructed to base CSI measurements on restricted subframes, e.g. only the normal subframes in the ABS pattern, would need to be re-instructed to base measurements on subframes aligned with the ABS in the CSG cell. With dedicated signalling of protected subframes from high HeNB interference, only the user that is affected by the interference from HeNB need to re-configure its measurements. Hence, UE specific signalling of protected subframes would be of interest also in this scenario. 
The alternative to dedicated signalling would be that the open access operating eNBs (e.g. MeNBs) broadcast two set of restricted subframes, where one of the sets is used by the MeNBs for scheduling users not affected by high interference from HeNBs and where the other set is used by the MeNBs for scheduling users in the vicinity of a HeNB. A UE reporting/indicating strong interference from a CSG cell autonomously starts to base measurements on the second set of restricted subframes (ABS in the CSG cell). When the MUE is out-of-coverage from the HeNB, the MeNB need to be notified and the MUE starts to base measurements on the first set of restricted subframes. It can be noticed that if HeNBs are deployed on the borders of pico cells, then ABS of both macro cells and CSG cells needs to overlap.
Observation 3: Both cell and UE specific signalling of sets of restricted resources related to CSI measurements can be motivated in heterogeneous deployments.
Based on the observations made above, we propose the following:
Proposal 4: At least UE specific signalling of sets of restricted resources shall be supported.
CQI definition
Details on how to modify the CQI definition are FSS as stated in [1]. Depending on decisions to be made by RAN1 on this topic, two different alternatives to address certain UE behavior could be foreseen:
Alternative 1: No changes to 213, if CSI measurements are based on set of restricted subframes that can implicitly be addressed by RAN4 test requirements related to CSI measurements in subframes in which users likely will be scheduled within.
Alternative 2: Changes to 213, if RAN1 agrees on certain CSI reporting procedure related to operations in heterogeneous network deployments.
3. Conclusion
In this contribution, we addressed CSI reporting in heterogeneous network operations with almost blank subframes. The following were proposed:
Proposal 1: No additional CSI bits or reports for reporting radio conditions in heterogeneous network deployments
Proposal 2: For aperiodic CSI reporting in HetNet operations with ABS, CSI measurements can be based on the type of subframe in which the UE receives the corresponding CSI reporting grant
Proposal 3: For periodic CSI reporting in HetNet operations with ABS, CSI measurements can be based on signalled set of restricted subframes.

Several observations were made regarding cell specific signalling and UE specific signalling of sets of restricted subframes for CSI reporting. It was observed that pico cell deployments on macro cell borders and co-channel deployed CSG cells could motivate support for UE specific signalling in addition to cell specific signalling. Based on made observations, we proposed the following:
Proposal 4: At least UE specific signalling of sets of restricted resources shall be supported.
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� Legacy macro users may though perform measurements in both almost blank subframes and normal subframes, which imply that they may report too optimistic CQI reports.


� In this presentation, a restricted subframe mainly refers to either a protected subframe or a non-protected subframe, where a non-protected subframe refers to a normal subframe at the macro layer. 





