3GPP TSG RAN WG1 meeting #73





 



 R1-132408
Fukuoka, Japan, 20th – 24th May 2013
Agenda Item:
6.2.3.2
Source:
Huawei, HiSilicon
Title:
Discussion on flexible and fixed subframes in TDD eIMTA
Document for:
Discussion and decision 
1 Introduction

In RAN1#72b meeting, the following agreements were made as signaling mechanism for TDD eIMTA [1]: 
· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA).
· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 
· PHY signaling (not including PBCH/MIB signaling), or 
· MAC signaling.
· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe.
In [2], some proposals for subframe reconfiguration were also proposed, saying that “a subframe configured as DL subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) and not configured as a MBSFN subframe should not be changed to uplink”. 
In this contribution, we further discuss categorization of subframes in TDD eIMTA. 
2 Discussion on flexible and fixed subframes in TDD eIMTA
Categorizing subframes as either flexible or fixed subframes at the eNB can help not only to improve uplink transmission of cell-edge UEs but also to enhance inter-cell interference measurement:

· Fixed uplink subframes are beneficial for uplink transmission of cell-edge and legacy UEs.

The UL transmission from cell-edge UEs can be scheduled in a fixed uplink subframe and thus avoid downlink-uplink (DL-UL) inter-cell interference from neighbouring cells. 

For an example, if cell-edge UEs are scheduled in subframe 2, there is no DL-UL inter-cell interference. When the number of legacy UEs is large, it might be beneficial to have more than one fixed uplink subframe. This can be achieved, for instance, by semi-statically configuring the entire network or a group of cells to select a TDD configuration among a subset of the seven legacy TDD configurations. For instance, a group of cells could be semi-statically configured to choose among TDD configurations {0, 1, 2, and 6} thereby yielding two fixed uplink subframes (namely subframes 2 and 7). A straightforward application of this approach is to cell clustering interference mitigation (CCIM).  

· Fixed/flexible subframe characterization is beneficial for inter-cell interference coordination (ICIC).
With this subframe categorization, it is possible to measure different kinds of inter-cell interference in different subframes, including downlink-to-uplink and uplink-to-uplink inter-cell interference. These different interference measurements, if exchanged between eNBs, can thus facilitate efficient operation of different ICIC schemes [3]. 

For instance, uplink-to-uplink inter-cell interference can be directly measured in a fixed uplink subframe. While in a flexible uplink subframe, aggregate inter-cell interference can be directly measured. If aggregate inter-cell interference is much stronger than the uplink-to-uplink interference measured in a fixed uplink subframe, downlink-to-uplink inter-cell interference is dominant and a corresponding interference indicator could be transmitted for the flexible subframe. In this way an eNB, upon receiving such interference information, can adjust its DL transmission power in the relevant flexible DL subframe and thus cause less interference to the uplink transmission in the neighbouring cells.

There are currently two possible interpretations of fixed/flexible subframes:

1. A flexible subframe is a subframe whose transmission direction can be dynamically changed from downlink to uplink or vice versa;

2. A flexible subframe is a subframe used with different transmission direction at neighbouring eNBs.
With the first definition, reflected by the proposal in [2], and eNB only knows that neighbouring eNBs could potentially have different transmission direction in a flexible subframe. This information, however, is not sufficient to fully capitalize the benefits listed above. Furthermore, with the agreement listed above, i.e., “No new TDD UL-DL configurations are introduced in the BCT”, an eNB changing a subframe direction must de fact select a different legacy TDD configuration. Therefore, it is implicit that subframes {3, 4, 7, 8, 9} are flexible (in the sense that an eNB can change their transmission direction) and there here is no need to further indicates which subframes can potentially change subframe direction.  

The second definition, on the other hand, enables an eNB to capitalize the benefits listed above. To this end, neighbouring eNBs shall exchange the respective UL-DL TDD configuration, thereby enabling an eNB to exactly know which subframes are used with different transmission direction and may experience cross link interference. In the example below, when neighbouring eNBs use different TDD configurations, flexible subframes can experience different amount of eNB-to-eNB interference (Figure 1(a)). On the other hand, when the interfering eNBs have the same TDD configuration, all subframes are defined as fixed uplink or fixed downlink subframes (Figure 1(b)). More details about TDD configuration exchange are discussed in the companion contribution [3], whereas how the eNB can capitalize this information for eNB-to-eNB interference indication is discussed in the companion contribution [4].
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Figure 1: Examples of subframe categorization for different eNBs: (a) neighboring eNBs of eNB-1 use different TDD configuration; (b) neighbouring eNBs of eNB-5 use the same TDD configuration.
3 Conclusions
In this contribution, we discuss the possibility of categorizing subframes in TDD eIMTA. Our proposals are summarized as below:

· Subframe categorization as fixed uplink subframe, fixed downlink subframe and flexible subframe is beneficial at the eNB. 
· The flexible subframe is a subframe used with different transmission direction at neighbouring eNBs.
· The distinction between fixed and flexible subframes can be implicitly inferred by an eNB from theTDD configuration of neighbouring eNBs. 
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