Page 1



3GPP TSG RAN WG1 Meeting #69

R1-122509 
Prague, Czech Republic, 21st – 25th May 2012

Agenda item:
7.10.4
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title: 
On the study item conclusions for LTE TDD for UL-DL IMTA
Document for:
Discussion/Decision 

1 Introduction

In RAN#51, a study item (SI) proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation was approved [1]. For the agreed isolated pico cell scenario and multi-cell scenario, in the following RAN1 meetings, companies discussed the simulation assumptions of the fixed scenarios, and provided the performance evaluations on different scenarios in succession either with or without UL-DL inter-cell interference mitigation. Other related key issues are also studied in this SI, including the study of the backward compatibility, signaling support on different time scales for TDD UL-DL reconfiguration, HARQ/scheduling timing issues with dynamic TDD UL-DL configuration. In this contribution, we will briefly review the discussed key issues in this SI, and draw our conclusions of LTE TDD for UL-DL IMTA. 

2 Conclusions on the discussed key issues during SI phase
2.1 Performance evaluation of TDD UL-DL IMTA
2.1.1 
Isolated Pico scenario 
In RAN1 68, the performance evaluations of dynamic TDD UL-DL reconfiguration for isolated Pico scenario are provided by many companies. In the agreed simulation assumptions in [2], a large number of simulations parameters, including traffic arriving rate, packet-size, reconfiguration period, different static configuration, and also a large num number of performance metrics are defined. In the email discussion after RAN1#68, evaluation results on TDD UL-DL reconfiguration for isolated pico cell were discussed and the following agreements were achieved in [3]:  

· For the evaluated isolated pico cell scenario, TDD UL-DL reconfiguration based on traffic condition provides benefits over a fixed reference TDD UL-DL configuration. 
· The benefits at least include improved packet throughput 
· The benefits may be observed in either DL or UL or both directions, 

· The smaller the number of DL (or UL) subframes in the fixed reference TDD UL-DL configuration, the higher DL (or UL) packet throughput gain (if any) achieved by TDD UL-DL reconfiguration 

· The benefits are mainly observed in low to medium cell traffic load region 

· Faster TDD UL-DL reconfiguration provides larger benefits than slower TDD UL-DL reconfiguration 

· The gain of faster TDD UL-DL reconfiguration over slower TDD UL-DL reconfiguration reduces with the increase of cell traffic load and/or packet size 

2.1.2 Multi-cell scenario

Following the performance evaluation of the isolated cell scenario to achieve the upper bound of the performance gain, the performance evaluations on multi-cell scenarios were further analysed to verify the traffic adaptation gains taking into account the inter-cell interference. In RAN1 68bis, the performance of the multiple outdoor pico cell scenario without macro-layer interference and without UL-DL ICI mitigation was evaluated firstly. Based on the analysis of the presented performance, the following conclusions were made:

· The trends of benefits are similar to those in the isolated pico cell scenarios.  In terms of packet throughput, the improvement can be observed on either DL or UL, especially in low traffic load.

· Less packet throughput gain of TDD DL-UL reconfiguration over a fixed DL-UL configuration compared to that of the isolated cell scenario.
· Less packet throughput gain of a shorter time scale of TDD UL-DL reconfiguration over that of a longer time scale compared with the isolated cell scenario.
·  In case no interference mitigation in the multi-pico deployment, the degradation of the UL performance improvement is more significant compared with that of the DL performance improvement due to  high eNB-to-eNB interference. 
· The impact of UL-DL ICI on packet throughput grows when traffic load is low to medium. 

In this meeting, the next steps for performance evaluation mainly focus on the multi-cell scenarios with macro-layer inter-cell interference, and further consider the factor of UL-DL interference mitigation schemes. In our companion paper paper [4], we firstly present our observation on performance with macro-layer interference, while without any interference mitigation, including 
Observation 1: In macro and pico co-channel coexistence scenario, eNB-to-eNB interference strictly impacts on IMTA UL performance for either pico or macro cells.

Observation 2: From the packet throughput point of view, the macro uplink performance encounters catastrophic reduction in TDD UL-DL IMTA without any interference mitigation between macro and pico cells.

Observation 3: In terms of energy consumption, the severe eNB-to-eNB interference results in huge consumption of the  uplink resource. Thus, there isn’t abundant resource to satisfy DL traffic fluctuation. It will violate the original intention “the benefits of uplink-downlink re-configuration dependent upon traffic conditions”.
Inter-cell interference cancellation is not a new issue any more and has been hotly discussed in CoMP and HTN related topics. We believe that many effective interference mitigation schemes can be borrowed. In [4], taking into account the features of eNB-to-eNB and UE-to-UE interference, we propose to mitigate UL-DL ICI among picos by dynamic cluster, and mitigate UL-DL ICI among pico and macro cells by muting the collided subfames on macro, like ABS, or by interference suppressing at receiver for the dominant eNB-to-eNB interference. We carried out performance evaluations with some typical parameters and draw the following conclusions:

· In terms of DL packet throughput, the performances of both pico and macro cells with UL-
DL ICI mitigation have improvement compared with that of a fixed configuration, especially for pico cells. 

· In terms of UL packet throughput, due to the existence of serious eNB-to-eNB interference, the performances with UL-DL ICI mitigation have significant improvement compared with that of dynamic configuration without any interference mitigation, however, it still needs to be further enhanced compared with that of a fixed configuration, especially for macro cells.
· Further study on interference mitigation with macro-layer interference is needed for TDD UL-DL IMTA, especially on the study of the impact of eNB-to-eNB interference on macro/pico uplink.
2.2 Other key issues 

Based on the traffic variation, once the eNB decides to change the TDD configuration, eNB needs to send out some signalling to inform UEs about the reconfiguration.  Out of the various possibilities [6], a MAC CE seems probably the most promising solution to indicate a reconfiguration.  
Another challenge of TDD UL-DL IMTA is the fundamental requirement of backward compatibility. For the UE which successfully received the reconfiguration signalling, the adopted TDD configuration may different from what SIB specified in current delivering scheme. In case a subframe indicated as a DL subframe by SIB1 signalling on a backward compatible carrier is reconfigured as an UL subframe, the legacy UE could not recognize this variation and would still try to perform UE measurements for RLM, RRM and CSI reports. One possible solution is to restrict the subframe changing from DL to UL, however this may violate the intentions of dynamic TDD configuration based on traffic variation. Thus, the specification should provide solutions to handle this issue so as to achieve the maximum potential performance gain. 

In addition, in [5], we also presented HARQ/scheduling and PUSCH retransmission timing issues in details. In case the TDD configuration is changed based on traffic adaptation, the HARQ of the subframes on the unchanged frame may happen on a collided subframe without the required link direction. Similar problem may also happen on UL-grant timing and PUSCH retransmission. In general, this impact will cause increased latency, bandwidth wastage, and further reduce the performance benefit of dynamic TDD UL-DL configuration, especially when the time scale is short. Thus, the specification should also carefully consider the timing issues.
According the schedule of this SI, RAN1 has not had enough time to fully discuss the above mentioned important issues, and therefore we believe that further study would be needed on the impact of supporting IMTA in the specifications, including at least the issues of signalling support, backward compatibility, and HARQ operation.  
3 Summary
In this contribution, we have briefly reviewed the key issues discussed in this SI, and draw the conclusions on the achieved progress. Based on the summary on this paper, we still found that, although there are clear gains in some scenarios, further performance evaluation with macro-layer UL-DL ICI mitigation schemes is needed and the solutions of many specification related issues are still pending. 

1. Therefore we conclude that if dynamic UL-DL reconfiguration were to be pursued for the specifications, further study would be needed first on interference mitigation for IMTA, especially in relation to the impact of eNB-to-eNB interference on macro/pico uplink.
2. The impact of supporting IMTA in the specifications, including at least the issues of signalling support, backward compatibility, and HARQ operation.  
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