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1 Introduction

In RAN1#52bis meeting, a solution to adjust DL/UL allocation in LTE TDD system was introduced in [1] to enable the live-change of DL/UL allocation dynamically. Following paragraph is the general problem of live-change of DL/UL allocation to handle in [1].
Because of the emerging traffic service types and traffic volume turbulence, LTE TDD system need adapt its DL/UL resource allocation to the traffic. The flexibility of choice on downlink to uplink resource allocation ratio (referred to DL/UL ratio in this contribution) is one important feature of TDD mode. The timing requirement in fact weakens the TDD feature on DL/UL ratio flexibility. First, because all base stations and user equipments are synchronized, there can be only one DL/UL ratio per carrier frequency system-widely. Secondly, once the DL/UL ratio is determined for a system, it is usually too expensive to change it to other value because, before synchronously changing the DL/UL ratio, all transmitters have to turn off the transmission all together. The costs paid for such a “cold restart” include a huge loss of system capacity and interrupt to user traffic. Besides, the monitor and management of unfinished traffic in the whole system is another expensive factor.  

The general idea of [1] is to adapt the DL/UL resource allocation to traffic from time point of view. In this short contribution, we provide the justification of the different DL/UL allocations co-existence scenario. This scenario is seen as an adaptation of the DL/UL resource allocation to DL/UL traffic ratio from geography point of view. Some design points for the implementation are also proposed in our contribution. 
And we also think this should be a feature of LTE Release 8.
2 Discussion
One important advantage of TDD mode is the ability of adapting the DL/UL resource allocation to the DL/UL traffic ratio.  And this is also the main reason why there are 7 DL/UL allocations specified now in [2] rather than only one. If the TDD network wants to fully exploit this feature, the DL/UL resource allocation should well match with the DL/UL traffic ratio from both time and geography perspective. 
From time perspective, the LTE TDD should dynamically change the DL/UL allocation according to the DL/UL traffic ratio for each operator. And this is also the idea of [1].

From geography point of view, different DL/UL allocations could be configured in different areas according to the ratio of DL/UL traffic. It would take place that different DL/UL allocations co-exist in adjacent areas within one LTE-TDD network or two different LTE-TDD networks belonged to different operators. Inter-NodeB synchronization is required for TDD network. There will be strong interference in the boundary area of different allocations where the TDD network can not work well.
Additionally, if there are two TDD operators in adjacent geography areas, the DL/UL resource allocation may not always be the same for the two TDD networks. So there is also the same problem of different DL/UL allocation co-existence.
This contribution discusses the problem of co-existence of different DL/UL allocations in adjacent geographic areas.
2.1 Co-existence scenario
The Figure 1 below describes the scenario of different allocations co-existence. The two DL/UL allocation areas are represented by blue and green colour respectively. If we assume the blue area is configured with “DSUDDDSUDD” while the green area “DSUUDDSUUD”.  There will be strong interference in the collided subframes, subframe 4 and subframe 9.

[image: image1]
Figure 1 issue of two TDD allocations co-existence
Besides “UL subframe” “DL subframe”, we want to introduce “Mute subframe” in the boundary between the two DL/UL allocations to solve the issue of interference. For “Mute subframe”, there is no any transmission no both UL and DL directions. Now there are three kinds of subframes “UL subframe” “DL subframe” and “Mute subframe”. “Uplink subframe” ”Downlink subframe” and “Mute subframe” are denoted by “U” “D” and “M” respectively in this paper.
If the blue area is configured with “DSUDDDSUDD” while green area configured with “DSUUDDSUUD”, subframe 4 and subframe 9 are the two collided subframes which resulting in interference. Fort this case, we suggest configure the two collided subframes with “mute subframe” in the pink area to resolve the problem of interference, Figure 2. And the configuration in pink area is “DSUMDDSUMD”.  Due to the buffer field of pink colour, the mutual interference of blue and green areas will become weak enough. 
[image: image2.png]



Figure 2 the way to solve the problem of two configurations co-existence
2.2 Proposal
The downlink-uplink allocations in LTE TDD are already specified with 7 configurations. For the 7 DL/UL allocations, there are 21 cases of different allocations co-existence. If we consider the 21 cases as other DL/UL allocations besides the 7 allocations, there are 28 cases totally now. So 5 bits are enough to indicate the 28 DL/UL allocations. Besides the already existing 3 bits for DL/UL allocation indication, 2 more bits are needed. 
Solution: Extend the DL/UL indication from 3 bits to 5 bits.
The idea of the proposal is quite straight forward. 5 bits can indicate 32 cases, which are enough for the 28 DL/UL allocations. 21 allocations of them are used for co-existence cases. If the operator does not want to introduce the 21 allocations to support different DL/UL allocation co-existence, the operator can only configure the network with the 7 existing normal DL/UL allocations.
Of course, if we decide to introduce the 21 new allocations, we need do more study on the control signalling allocation and HARQ timing for the frame structure with mute subframes.

By the way, we can also make the usage of the 2bits for the live-change of DL/UL allocation for TDD mode. But there is still much work to do on this.
3 Summary
In this contribution, we propose to introduce the feature of supporting different DL/UL allocations co-existence in adjacent geographic areas. And we also propose to use the “mute sub-frame” in the transition area to support this feature. Some solution design points are also given in this paper.  The co-existence of different DL/UL allocations could happens at the boundary between two different LTE-TDD operators.  Thus, we need to support this feature in LTE release 8. 
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