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1
Introduction

During RAN4#57 AH meeting, a discussion took place related to the RAN1 LS on CSI measurements on restricted subframes for eICIC [1]. However, no consensus was reached on a possible draft response. In this contribution, we further discuss the topic and provide elements of response.
2
Discussion
2.1 
RAN1 LS on CSI measurements on restricted subframes for eICIC

During RAN1#63, the LS in [1] was sent to RAN2 and RAN4, which content is replicated below for convenience.
1. Overall Description:

	· CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by a CSI measurement subframe configuration

· Subframe subsets are signalled by RRC (e.g. with bitmaps of size matching the size of almost blank subframe pattern)

· 0 or 2 subframe subsets can be configured per UE

· Baseline is that the UE only reports CSI for each configured subframe subset

· If no subframe subsets are configured, interference measurement in restricted subsets of subframes is not enabled. 

· The 2 subframe subsets may or may not be the complement of each other. 

· Signalling details are up to RAN2. 

· No mention of a complementary subset in RAN1 specifications:  whether to introduce this is subject to feedback from RAN4 after discussion in RAN4.

· For aperiodic CSI reporting

· Working assumption: For CSI reporting instance at subframe n, the UE shall report CSI feedback based on the subset containing the CQI reference resource

· As noted above, the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4
· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback report to a configured subset of subframes


As an example, the first subset of subframes could be chosen to indicate the expectation that they are subject to a different level of interference than in the second subset of subframes. Any difference in average interference level could then be reflected in the CSI reports linked to each subset.

The “complementary subset” mentioned above is the subset of subframes (if any) which are not included in either the first or second subset of subframes. 
2. Actions:

To TSG RAN WG2.

ACTION:
RAN1 kindly asks RAN2 to specify RRC signalling for the following (in line with the above decisions):

•
UE-specific configuration of two subframe subsets for CSI measurement

•
UE specific configuration linking each periodic CSI report to one of the subframe subsets

To TSG RAN WG4.

ACTION:
RAN1 kindly asks RAN4 to take into account the above decisions in the development of any performance requirements for CSI reporting when subframe subsets for CSI measurement are configured. In addition, RAN4 is requested to consider whether any special behaviour is needed in relation to the complementary subset of subframes, and provide feedback to RAN1. 

2.2 
Overall scope of RAN4 work
This RAN1 LS sets RAN4’s responsibility and scope of work as follows: 
· First, RAN4 needs to account for these RAN1 decisions in the development of performance requirements for CSI reports linked to measurements in the two subframe subsets. 
· Second, RAN1 requested feedback in relation to the complementary set of subframes, which may or may not arise as per the description provided in the LS.
Before answering to RAN1, there are essentially two questions RAN4 needs to discuss and reach consensus on:
· What are the interference characteristics of subframes falling within the complementary set, when such set happens to exist?
· Does one need to set restriction(s) to CSI feedback requests falling in the complementary set?
We discuss these two questions in the following. However, we would like to highlight that it is not in the scope of RAN4 work to reopen RAN1 discussion nor to debate on possible system optimization on top of such agreement. The discussion should focus on interference characteristics of the complementary subset, if such exists, and whether it is possible to expect reliable CSI feedback or not over this subset. 
2.3 
Interference characteristics over restricted subsets of subframes for CSI measurements and possible complementary subset 

In the case of macro/femto deployments in the absence of a backhaul link the almost blank subframe (ABS) patterns are expected to be OAM configured. Hence, the two subsets of subframes for CSI measurements are most likely configured to be complementary as outlined in [2], and the complementary set is thus empty. 
Observation: In the macro/femto case, the complementary set is most likely empty in practice.
In the macro/pico case, RAN1 agreed on a solution based on two subsets of subframes when restrictions on CSI measurements are configured, the idea being that UEs may proceed with interference measurements within the subsets and perform CSI (CQI, PMI, RI) feedback accordingly. RAN1 is currently still discussing on how to capture the agreement in TS36.213 in terms of modification to the CQI reference resource definition. The text of the RAN1 LS itself provides an example of such typical configuration: As an example, the first subset of subframes could be chosen to indicate the expectation that they are subject to a different level of interference than in the second subset of subframes. Any difference in average interference level could then be reflected in the CSI reports linked to each subset.
Observation: The purpose of the two agreed subsets is to guarantee two sets of resources, each having stable interference characteristics, such that UEs can perform interference measurement/averaging within the subsets and derive CSI feedback accordingly.
The main motivation behind such construction is to allow for dynamic load balancing between macro and pico nodes as traffic conditions may vary. Hence macro/pico eNBs having at hand CSI information linked to each of the subsets can potentially schedule UEs dynamically over either one of the two subsets. A so-called complementary subset arises when the two subsets would not be configured to be complement of each other. Such situation may happen when the network cannot guarantee stable interference conditions over two distinct sets of resources. 
Observation: Interference characteristics over the complementary subset cannot be guaranted to be stable.
In [2], system level simulation results are provided, showing gains for adaptive macro/pico resource partitioning over a “degenerated” complementary set – in the sense that the two subsets for CSI restrictions are reduced at minimum and the complementary set is thus very large – the largest in fact. These results assume very large cell selection bias (18 dB) towards the pico layer. However, we would like to remind that there is currently no consensus among companies on cell range expansion gains with large bias, as noted in RAN1#62bis Chairman minutes: In the absence of CRS interference, studies are split on usefulness of large bias values.
To our view the RAN1 agreement aims at semi-static resource partitioning and the complementary subset is more to be understood as a possible “leftover” rather than a feature by itself that one should optimize for. In other words, RAN1 primarily agreed that there should be two CSI subsets, and also that these subsets do not necessarily cover all subframes, leaving in this case an additional complementary set remaining. However, we do not believe there was any consideration of this remaining complementary set as an essential part of eICIC functionality. This finds confirmation from the working assumption for aperiodic CSI reporting (discussed next section) linking the CSI feedback to the subset containing the CQI reference resource and the agreement on periodic CSI reporting where explicit RRC configuration links each CSI feedback report to a configured subset of subframes. RAN1 opted for two subsets of subframes for CSI measurement restrictions because it was deemed sufficient for TDM resource partitioning within the scope of eICIC in LTE Rel-10.

Observation: The complementary subset is to be understood as a possible side product of the RAN1 agreement rather than a feature by itself that one should optimize for. 
2.4 
On aperiodic CSI scheduling over the complementary subset 

The working assumption in RAN1 for aperiodic CSI reporting reads: For CSI reporting instance at subframe n, the UE shall report CSI feedback based on the subset containing the CQI reference resource. RAN1 further notes that the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4. We now address the latter point in the following.
We start from the observation that interference characteristics/profile over the subframes belonging to the complementary subset cannot be guaranteed to be stable. For this reason, Rel-8/9 methodology – i.e. definition of the CQI reference resource – applied to CSI reporting over the complementary subset would potentially lead to different behaviour and performance in the field because of different implementations in terms of interference measurement and averaging. It is then highly questionable to consider devising a feature such as aperiodic CSI request over the complementary subset unless the network eventually knows at some point through coordination that interference is sufficiently stable over time or that interference measurements are derived at the UE on a per-subframe basis.
Observation: Allowing requesting aperiodic CSI over the complementary subset would give potentially variable results under time-varying interference depending on UE implementation.

Similar discussions took place already during Rel-8 timeframe and concluded on the current definition of the CQI reference resource, giving the opportunity to further gain from CSI averaging over time. We note that when CSI restrictions are configured interference measurements take place in restricted subsets of subframes – which aspect RAN1 is still discussing how to capture in terms of CQI reference resource definition, while if no subframe subsets are configured, interference measurement in restricted subsets of subframes is not enabled, which implicitly tells us that Rel-8/9 CQI reference resource definition applies and also ensures that CQI reference resources are backwards compatible when no subframe subsets are configured. From that perspective it would look like an additional complication to define a “third subset” where interference needs in practice to be derived on a per-subframe basis and for which yet another type of CQI reference resource needs to be defined.
Besides these considerations, the contribution in [2] motivates the possibility for requesting aperiodic CSI report over the complementary subset because of PUSCH scheduling limitations in case low duty cycle of the CSI restrictive patterns. We note that this is not likely an issue in practice because without large cell selection bias one expects the fraction of terminals under the footprint of pico nodes to be rather low. Simulation results in [2] show additional gains when supplementing the agreed CSI feedback based on two subsets and the two associated CQIs by up to eight CSI subsets and corresponding CQIs. Such approach could be seen as circumventing the RAN1 agreement to have two subframe subsets and ultimately would even question the existence and need itself of the two agreed CSI subsets. We note that RAN1 has discussed the topic and concluded on a dual-CSI based UE feedback, deemed sufficient for eICIC in Rel-10. 
Observation:  Generalizing the use of aperiodic CQI reporting over the complementary subset will practically void the agreement on two subsets of subframes.
Since RAN4 performance requirements need to be verified as part of device certification additional requirements also imply certain additional costs and efforts in the development of devices supporting eICIC. This means that definition of additional requirements is not something which should be undertaken lighly by RAN4 and for this reason we should always try to ensure that the performance requirements which are specified by RAN4 are absolutely necessary considering the expected ways in which features are anticipated to be used. In other words, the technical feasibility of setting a requirement (for example, based on per-subframe interference estimation) for CSI over the complementary set is not of itself a sufficient reason to motivate the development of the requirement without also a consensus of opinion that it is needed to secure the performance of the feature at system level.
3
Conclusion

Based on the observation that interference characteristics over the complementary subset cannot be guaranted to be stable over time we reach the conclusion that allowing to request aperiodic CSI over the complementary subset would give potentially variable results under time-varying interference depending on UE implementation. In the light of this, we propose that RAN4 concentrates on the specification of requirements for the two subframe subsets which can be configured and does not work further on specifying performance requirements for the complementary subset which may result. Under this proposal, RAN4 would not specify performance requirements and RAN1 would then need to consider whether it is useful specifying CSI measurements scheduled over the complementary subset. RAN4 should provide feedback to RAN1 accordingly.
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