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1. Introduction

During the Rel’10 standardization, the time-domain enhanced inter-cell interference control (TDM eICIC) was introduced [1]. The concept allows for eNBs to introduce muting patterns to improve the overall downlink system performance. The primary use cases for this concept is to allow for pico node range extension in the macro-pico case, and for macro coverage hole avoidance in the macro-CSG HeNB case. In both scenarios, it is possible for an aggressor node to apply almost blank subframes (ABS) in order to protect the victim node performance. The amount of subframes to have under ABS operation for a given node is left open for implementation, and could in different scenarios vary quite a lot depending on the deployment scenario as well as configuration and load of the system. However, although the TDM eICIC concept is designed to address downlink HetNet interference problems, it also influence negatively on the uplink. In this contribution we address such issues, and provide a first discussion of possible uplink enhancements for cases where TDM eICIC is enabled. 
2. Shortcomings of TDM eICIC
One of the main targets of TDM eICIC was to introduce protection of downlink data and control channels through the ABS. When the ABS is applied, the eNB will only transmit the minimum necessary information within a subframe. This includes transmission of CRS, PSS/SSS, PICH, PBCH, PDCCH for SIB (reference and actual transmission info). According to [1], the eNB may transmit with reduced power during ABS, but applying such transmission of normal data (PDSCH and PDCCH) will effectively cause the ABS to not be almost blank subframes anymore, and we risk not seeing the effect of applying ABS. Hence, we assume that during an ABS, the eNB actually do ABS operation, and hence will not be able to transmit any PDCCH. Therefore, it will not be able to schedule any uplink traffic during these instants. This means that in case an eNB applies a muting/ABS pattern resulting in 30% muted subframes, the resulting uplink capacity will be reduced by the same amount at the aggressor node. As the uplink interference characteristics are significantly different from the downlink (e.g. due to use of UE specific power control), it is not desirable to have uplink scheduling gaps. Thus, using TDM eICIC to solve downlink HetNet interference problems is likely to have a cost in terms of uplink performance, which is clearly an undesired side-effect of TDM eICIC.
3. Options for improving uplink scheduling performance
As the uplink capacity loss will scale with the amount of subframe muting, we propose that RAN1 consider options where uplink transmission is maintained in all subframes, independent on whether ABS is used in the downlink for TDM eICIC. We therefore summarize our proposal as follows:
Proposal 1: RAN1 should consider whether it is feasible to explore methods to reduce the impact on uplink performance caused by TDM eICIC

The lost uplink capacity can be seen in two ways: Either it is seen as a direct loss of missing subframes causing some subframes to be lost, or it can be seen with the additional consideration that a significant uplink HARQ is potentially added to the uplink transmissions due the synchronous nature of uplink HARQ. Missing an uplink subframe originally intended for scheduling an uplink HARQ retransmission will naturally fail, as there is no PDCCH available, and the impacted HARQ process will see an increase of the HARQ retransmission delay of at least 8 ms.

Our initial analysis of this problem indicates that there are four possible approaches to could be considered:

· Softening the ABS definitions: With this approach, it would be allowed for an eNB to transmit PDCCH with uplink scheduling grants and PHICH signals, even though the eNB is supposed to transmit only the needed information (and not these channels). This approach would provide the best performance in terms of re-gaining the lost uplink capacity, but would on the other hand mean that downlink control channels are no longer efficiently protected as ABS will then still result in “control channel interference” in the PDCCH area. For complete gain of TDM eICIC it is important that both control and data channels are protected by the ABS.
· Introduction of “scheduling ahead”: With this approach, the eNB is allowed to introduce a new DCI format (or potentially reuse an already existing DCI format) to indicate scheduling ahead in time for uplink. This new DCI format could contain information on which subframes are being scheduled with a single uplink grant, or it could potentially use several DCI grants to indicate multiple uplink allocations. The main limitation of this approach is that due to eNB processing time limitations, the “scheduling ahead” would tentatively be limited to new data blocks (hence, no HARQ retransmissions would be possible to schedule using “schedule ahead”).
· Introduction of “scheduling late”: Similar to the “scheduling ahead”, it could be possible to do a “scheduling late” approach, where the eNB is allowed to reduce the time from PDCCH with uplink scheduling grant to actual uplink transmission. The immediate drawback of this approach would be that there will be much tighter timing requirements for UE processing from uplink grant to actual transmission.
· Introduction of HARQ rearrangement: The last possibility is not actually trying to re-gain anything in the data capacity domain, but rather at reducing the overall HARQ round trip time. Such a solution would require that the ABS is taken out of the uplink HARQ process definitions (and that uplink HARQ processes are defined explicitly). Under the condition that it is possible to create a common understanding between the eNB and UE of the HARQ process numbering (and timing relations), it would be possible to reduce the variability of the acknowledged packets seen at the eNB side.
Given the above options, we believe that it should be possible to define a configuration such that it is possible to exploit at least part of the potential lost uplink capacity when applying TDM eICIC. Referring to the above considerations, we propose the following:
Proposal #2: RAN1 shall agree on a number of enhancements that allows improved uplink scheduling activity when ABS is used in the downlink. Those candidate solutions shall afterwards be further benchmarked, and the best solution be considered for Rel-11 standardization. Examples of such candidate solutions includes soften ABS definition, scheduling ahead, scheduling late, HARQ rearrangement, etc..  
4. Conclusion
Based on the discussions in this contribution, we propose that RAN1 consider options for improved utilization of the uplink for cases where ABS is used in the downlink, i.e. TDM eICIC. Such improvements are basically needed to avoid unfortunate effects where usage of TDM eICIC would otherwise result in uplink capacity and/or coverage loss. 
Proposal 1: RAN1 should consider whether it is feasible to explore methods to reduce the impact on uplink performance caused by TDM eICIC.
Proposal #2: RAN1 shall agree on a number of enhancements that allows improved uplink scheduling activity when ABS is used in the downlink. Those candidate solutions shall afterwards be further benchmarked, and the best solution be considered for Rel-11 standardization. Examples of such candidate solutions include soften ABS definition, scheduling ahead, scheduling late, HARQ rearrangement, etc.  
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