3GPP TSG RAN WG1 Meeting #67


                                                  R1-113963
San Francisco, USA, November 14-18, 2011
Title: 
Efficiency Analysis on Supporting Different TDD Configurations in CA
Source: 
Research In Motion, UK Limited
Agenda Item:
7.2.1.5
Document for: 
Discussion and Decision
1. Introduction
In Rel-10 carrier aggregation for TDD, it only supports same TDD UL/DL configuration among intra-band carriers. In RAN1 66 meeting in Athens, the inter-band carrier aggregation with different TDD UL/DL configurations has been proposed for Rel -11 [1]. In RAN1 66bis meeting in Zhuhai, it has been in agreement to support the inter-band CA of TDD carriers with different configurations in Rel-11 [2]. However, there are still outstanding issues on supporting aggregation of CCs with different UL/DL configurations in different bands, such as with and without simultaneous RX/TX,  as well as supporting cross-carrier scheduling between aggregated TDD cells with different UL/DL configurations.
In this contribution, we provide some initial analysis on radio resource utilization efficiency with and without simultaneous RX/TX during the conflicting subframes, and cross-carrier scheduling. We focus our attention on two inter-bands with two different TDD UL/DL configurations since supporting more than two bands may not be realistic in the near future.
2. Methodology and assumptions 

The major challenge in supporting different TDD UL/DL configurations with different aggregated CCs is the direction conflicting subframe(s), where it is supposed to be DL subframe based on one configuration, while the other configuration indicates the UL subframe. The solution has to be either muting on one direction or supporting full duplex. Moreover, there are respective issues on TDD scheduling and HARQ timing associated with each solution. These will lead to that some of the subframes on DL or/and UL are not usable and the degradation of resource utilization efficiency
We use the available subframes in the original TDD configuration as a baseline. The efficiency is defined as the ratio of the usable number of subframes for data transmission to the total number of subframes on DL and UL, respectively. The special subframe data transmission capacity is assumed at 75% of the DL subframe.
In this analysis, we consider both full duplex and half duplex scenarios. For simplicity, in the half duplex case, the subframe direction conflicting is resolved by presetting it as a fixed direction, either DL or UL. Both separate scheduling and cross-carrier scheduling are considered for comparison. For cross-carrier scheduling, the scheduling cell is always the primary cell. Furthermore, the following assumptions are made in our analysis.
a. PUCCH is only on one CC and it is always on Pcell
b. PHICH is transmitted on the cell carrying the UL grant

c. Same HARQ timing rules as in Rel-10

d. Same scheduling timing as in Rel-10

With the above assumption, if a subframe is located at the place where there is an issue for its grant or A/N transmission according to the rules, the subframe will not be utilized even though the subframe is not in the direction conflict region.

3. Results

The resource utilization efficiency results for different TDD UL/DL configuration combinations are listed as follows.
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Table1.  Efficiency for the combination of Pcell configuration 0 and Scell configuration 1
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UL 100.00% 60.00% 100.00% 60.00%

DL 100.00% 77.78% 100.00% 77.78%

UL 83.33% 100.00% 83.33% 60.00%
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Table2.  Efficiency for the combination of Pcell configuration 0 and Scell configuration 6
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UL 75.00% 100.00% 75.00% 100.00%

DL 81.82% 100.00% 81.82% 77.78%

UL 100.00% 80.00% 100.00% 80.00%

DL 100.00% 77.78% 100.00% 77.78%
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Table3.  Efficiency for the combination of Pcell configuration 1 and Scell configuration 6
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UL 0.00% 100.00% 0.00% 100.00%

DL 46.67% 100.00% 46.67% 42.86%

UL 100.00% 33.33% 100.00% 33.33%

DL 100.00% 42.86% 100.00% 42.86%

UL 100.00% 100.00% 100.00% 100.00%

DL 100.00% 42.86% 100.00% 42.86%
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Table4.  Efficiency for the combination of Pcell configuration 2 and Scell configuration 0
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UL 100.00% 0.00% 100.00% 0.00%

DL 100.00% 31.43% 100.00% 31.43%

UL 16.67% 100.00% 16.67% 0.00%

DL 21.43% 88.57% 21.43% 31.43%

UL 100.00% 100.00% 100.00% 0.00%

DL 100.00% 88.57% 100.00% 31.43%
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Table5.  Efficiency for the combination of Pcell configuration 0 and Scell configuration 5

From these tables, the following observations could be made:
Observation 1: Full duplex always has higher efficiency comparing with half duplex schemes. However, it has high implementation cost.
Observation 2: Different half duplex schemes will have different utilization efficiency even with the same configuration combination.

Observation 3: Cross-carrier scheduling may sometimes degrade the efficiency on the Scell, but it is not always the case. 
Observation 4: The efficiency is highly sensitive to the configuration combination. The combination of configuration with different switching periodicity may result in very low efficiency.
4. Conclusion

We have looked into the resource utilization efficiency in inter-band CA for different combinations of UL/DL TDD configurations. Based on our observations, we propose to restrict the TDD configuration combinations with low utilization efficiency, especially, configuration combinations with different switching periodicities.
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