
3GPP TSG RAN WG2 Meeting #75













           R2-114119
Athens, Greece, 22nd– 26th August, 2011
Agenda item:
7.1.2
Source:

New Postcom

Title: 
CA with different TDD configurations
Document for:
Discussion and Decision

1 Introduction

In Rel-11, the support of inter-band carrier aggregation with different TDD configurations has been proposed in the WID [1]. However, there exist a number of issues, such as whether simultaneous transmission and reception are available, how to handle collisions of UL and DL subframes, etc.
In this contribution, deployment scenarios of CA with different TDD configurations on different bands are discussed. Our preferred solutions to those issues are also provided.
2 Deployment scenarios
The possible use cases where the TDD configurations for multiple CCs are different from each other may include:

1. Different carrier designed for different traffic/services;
2. Load balance for the UL/DL coverage;
3. Flexible supports to UEs of difference releases.
Generally speaking, the fundamental objective of supporting different TDD configurations in Rel-11 CA is to achieve high throughput and to improve coverage. Additionally, flexible support for UEs of various releases is another potential advantage. For example, while a carrier (UL:DL=1:1) may be configured for all Rel8-11 UEs, another carrier (DL:UL=2:1) may be configured for Rel-11 UEs only for new services introduced in Rel-11.
In the sequel, we will elaborate further in the context of typical CA deployment scenarios defined in [2].
2.1 Intra-band CA
In Rel-10, only same TDD configuration is supported for CA operation [3]. In our opinion, it is likely that same TDD configuration is still applied for inter-band TDD deployment, for the following reasons. First, if the subframe configurations of two intra-band adjacent CCs are different, the inter-carrier interference will be significant, which largely impacts the system performance. In order to tackle this problem, a sufficiently wide guard band between the two carriers of different TDD configurations should be reserved, which thus reduces the spectrum efficiency. Second, as the Rel-10 CA capable UEs can only operate in intra-band CCs with identical TDD configuration, sticking to such a criterion ensures maximum backward compatibility for Rel-10 UEs.

[image: image4.wmf]
Fig. 1: An exmple of intra-band CA deployment.
Observation 1:  For intra-band CCs, the same TDD configuration is likely to be applied in Rel-11.

Proposal 1: Supporting different TDD configurations for intra-band CCs should be a low priority.
2.2 Inter-band CA
One of the advantages of LTE TDD mode is the capability of providing various subframe configurations to support different use cases. For example, the macro cell will be configured with a balanced UL/DL ratio, in order to provide coverage, while cells hosted by the RRHs can be set to a TDD configuration different from that for the macro cell, for the sake of meeting particular service requirements. For instance, users in the RRH coverage area may demand a large amount of DL resources for their businesses, which may be resolved by applying a TDD configuration with more DL subframes. By contrast, students on a campus may want to use applications such as social websites (e.g. Facebook, Twitter, etc) which require heavy UL loads. Then, a TDD configuration with more UL subframes can be applied. As a result, it is beneficial to apply different TDD configurations for different carriers/bands in various network deployment scenarios in order to satisfy diverse service requirements. From this perspective, support to aggregated CCs with different TDD configurations may be useful.

[image: image2.emf]
Fig. 2: TDD configuration in the RRH coverage area may be selected according to diverse service requirements.

On the other hand, limited UL coverage is one of the issues of LTE TDD network. To mitigate this issue, operators may deploy an UL-biased TDD configuration on lower band, while having a DL-biased TDD configuration on upper band, in order to achieve balanced UL/DL coverage. Some other scenarios, such as co-existing with legacy TD-SCDMA networks may also be benefit from diverse TDD configurations on different carriers/bands [5].
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Fig. 3: A balanced UL/DL TDD configuration can be applied to the large coverage cell to enable legacy UE support.
Observation 2: Applying different TDD configurations for different carriers are beneficial for operators.

3 Conflict of UL/DL subframes of inter-band CCs
According to the above analysis, supporting individual TDD configuration for each carrier is beneficial. However, if the TDD configurations of multiple inter-band CCs are different from each other, there are possibilities in CA operations that an uplink transmission in one CC from a UE will collide with a downlink transmission in another CC for the same UE, which requires full duplex instead of half duplex TDD operations. To solve this issue, firstly, whether simultaneous transmission and reception is supported in Rel-11 CA TDD has been debated.
One motivation to support simultaneous transmission and reception is to maximize the utilization of wireless resources for UE, both in uplink and downlink. Though, if this function is supported, it is arguable that the conventional definition of a TDD UE may be changed, since during the same time frame, the UE transmits and receives signals simultaneously, in comparison to a conventional half duplex TDD UE which only has to either transmit or receive in one time frame. More importantly, at least two RF chains are required at the UE in order to support simultaneous UL/DL transmissions, which will be a challenging implementation issue for UE design. Hence, the feasibility of such a feature should first be discussed in RAN4.
On the other hand, disabling simultaneous transmission and reception can reduce the implementation complexity at the cost of a certain performance loss. Yet, this sort of performance loss may be kept to minimum, provided that the scheduler has been elegantly designed. Thus, it is suggested that the half duplex TDD operation should be the baseline in proceeding with the discussions of this WI, taking into account UE implementation issues.
Proposal 2: Whether simultaneous transmission and reception is supported in Rel-11 CA TDD should first be confirmed by RAN4.
For the purpose of handling the priority between an UL subframe and a DL subframe when they collide with each other, a number of strategies were proposed, such as fixed priority, dynamic priority as well as aligning with PCell configuration when collision occurs [4]. Generally speaking, the mechanisms of these methods are to search for the best trade-off between flexibility and performance; but yet, the exact scheme remains open. However, as PUCCH carries the control signalling such as ACK/NACK, the feedback mechanism will be largely impacted if PUCCH is dropped or not scheduled timely. Consequently, we propose that PUCCH should have the highest priority as a baseline that once PUCCH is scheduled, DL subframes should be muted.
Proposal 3:  As a baseline, regardless of the priority scheme, PUCCH should always have the highest priority for transmissions.
4 Conclusion

In this contribution, we have discussed a few typical CA deployment scenarios with different TDD configurations. Potential solutions to the expected issues are also analyzed. Our recommendations are summarised as follows:
Proposal 1: Supporting different TDD configurations for intra-band CCs should be a low priority.
Proposal 2: Whether simultaneous transmission and reception is supported in Rel-11 CA TDD should first be confirmed by RAN4.
Proposal 3:  As a baseline, regardless of the priority scheme, PUCCH should always have the highest priority for transmissions.
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