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1. Introduction

Enhancements to LTE TDD for DL-UL interference management and traffic adaptation shall be specified for Rel-12. One of the key enablers of this feature is the associated signaling mechanism(s) for fast UL/DL reconfiguration. In the signaling context, the objectives of the work item include [1]:

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.
· HARQ/scheduling timeline, 
· RLM/RRM measurements, 
· CSI reporting;

In addition backward compatibility and performance of legacy connected and idle mode UEs must be taken into account. This contribution provides some analysis on the reconfiguration time scale and other necessary enhancements to enable traffic adaptation. 
2. Signaling methods for UL/DL Reconfiguration
The first issue to consider is the proposed reconfiguration time scale. During the prior study item all levels in the LTE signaling hierarchy were considered, namely, system information change, RRC signaling, MAC and PHY signaling.
Since the latency of system information change is 640 ms (or 320 ms for ETWS) it may not be suitable to achieve the gains promised by adaptive reconfiguration. As such it was concluded in the SI report [2] that a faster, rather than slower, reconfiguration time scale provides larger throughput benefits. A similar latency issue holds for RRC signaling, where latency is on the order of 100 – 200ms. Furthermore, dedicated RRC signaling incurs significant DL control overhead. Therefore, we discuss in more detail MAC and PHY signaling mechanisms.
2.1. MAC signaling

A MAC control element can be used to signal UL/DL reconfiguration. This method has lower latency compared to RRC signaling but more overhead compared to L1 since from a PHY transmission perspective there is not much difference between RRC and MAC signaling. MAC control signaling is also used in LTE for SCell activation/deactivation and timing advance commands. It has been mentioned in several contributions that the downside to MAC signaling is a lack of an inherent error recovery procedure (although this is only true for group signaling). However, a few points to note are:

· The MAC scheduler can improve transmission reliability by appropriate adjustment of resource allocation and link adaptation parameters for the PDSCH containing the MAC control element.
· Furthermore, an implicit assumption in Rel-10/11 CA is that SCell activation/deactivation is reliable. This is evident by specifying CSI feedback only for activated serving cells (Sec. 7.2 of TS 36.213). As such any ambiguity between eNB and UE on the activation status of SCells would lead to undesirable multiple hypotheses testing at the eNB when CSI is transmitted on the PUSCH.

Observation: MAC signaling for UL/DL reconfiguration can be made as reliable as CA activation/deactivation 
2.2. PHY signaling

In this section we consider several proposed PHY signaling techniques.

1) PBCH: it was proposed in [3], [4] to reuse some spare bits in the MIB for signaling UL/DL reconfiguration in PBCH transmission. The PBCH offers a reconfiguration period of 40 ms, which is comparable (or even longer) than MAC signaling latency. However, there are significant disadvantages to using the PBCH. Firstly, reliability of PBCH decoding is affected since legacy UEs assume reserved bits are set to zero. Note that even a Rel-12-capable UE must first connect to the network as a pre-Release-12 UE before signaling its capabilities to the network, and as such must reliably decode the PBCH. Secondly, this method increases UE energy consumption because a Rel-12 UE configured for adaptive TDD must decode PBCH every 40 ms compared to legacy UEs which only decode the PBCH for specific events such as initial access, handover or after a system change. 
2) L1 control signaling: common or dedicated L1 signaling by PDCCH/EPDCCH provides the fastest means of signaling a change in TDD UL/DL configuration (down to the minimum granularity of 10ms). Examples of specific proposals can be found in [5], [6]. In our view the main issues to consider include
a. Signaling type: the reconfiguration signal may be provided in common/group or dedicated signaling, which in turn affects the control overhead. Dedicated signaling basically implies a new PDCCH order whereas common/group signaling implies a new RNTI and transmission in a common search space. 

i. If adaptive configuration is limited to femto cell scenarios then dedicated signaling provides the optimum flexibility. However, as the number of UEs increases such as in metro environments served by pico cells, common signaling is preferable. 
ii. If common/group signaling is used, then no HARQ-ACK feedback is sent by UEs to acknowledge receipt of the reconfiguration signal. Therefore, the reliability of common signaling is comparable to MAC signaling.
b. Activation time: it needs to be specified when a signaled UL/DL reconfiguration is active. Note that the change must occur at a radio frame boundary. 
3) Implicit signaling: as the name implies, no explicit signaling is sent to change the UL/DL configuration. Rather, the transmission direction in a subframe is determined by UL grants/DL assignments [7]. For example, an UL-heavy configuration such as #0 can be configured in SIB1. Thus, when traffic ratio is biased in favor of DL, UL subframes can be adaptively reconfigured as DL by reception of DL assignments. This implies that the configured Rel-12 UEs must also monitor UL subframes for DL assignments except UL subframes where a previous UL grant has scheduled PUSCH transmission or UCI is to be transmitted. Some issues to consider for this scheme include

a. False UL grants: a UE may falsely detect an UL grant for a subframe in which the eNB has adaptively configured as DL. This causes UL-DL (UE-to-UE) interference, where the severity of the interference depends on the proximity of the interferer to the victim UE.

b. If legacy UEs are present in a cell, SIB1-configured DL subframes should not be re-configured as UL since legacy UEs may expect CRS for CSI/RRM measurements.  
2.3. Relation to interference mitigation

Signaling for UL/DL reconfiguration also has some impact on interference mitigation techniques. For cell clustering interference mitigation, a cluster controller entity determines the UL/DL configuration for all cells within the cluster. This implies a 2-stage notification process wherein in Stage 1 the controller notifies all eNBs (e.g. using X2) within the cluster. In Stage 2, the eNBs notify participating UEs within cells under their control. Therefore, dedicated L1 signaling may not be the best signaling mechanism because eNBs do not autonomously determine their UL/DL configuration. 
Similarly, for scheduling dependent interference mitigation techniques, the degree of coordination and amount of information exchange between eNBs may have some impact on how independent each eNBs is in reconfiguring the TDD UL/DL configuration. 

From the prior analysis on signaling mechanisms we have the following recommendations:
 Proposal:

· L1 signaling by using reserved bits in the PBCH is not recommended because of the operational impact on legacy UEs, including Rel-12 UEs prior to adaptive TDD configuration, and resulting increase in UE energy consumption for frequent PBCH demodulation.

· Further investigation is needed for implicit and explicit signaling methods taking into account the impact on interference mitigation techniques

3. Other Aspects

Investigations of performance benefits of DL-UL interference management and traffic management have up till now being conducted under highly idealized simulation assumptions.

· As interference management is a key performance metric for the system it is important to evaluate the impact of non-ideal channel and interference estimation on (1) interference mitigation techniques, (2) signaling mechanisms and (3) receiver algorithms. 
· One of the WI objectives is to guarantee HARQ/scheduling continuity when the UL/DL configuration changes across radio frame boundaries. One solution is based on a Rel-11 CA concept of defining reference UL/DL configurations for UL and DL HARQ processes [3], [7]. The impact of such a feature should be investigated in simulations. For example, it was shown in [8] that simply limiting adaptation to only UL/DL configurations with 5ms switch point resulted in a 10% loss in DL throughput. Support of legacy users may imply that SIB1-configured DL subframes cannot be adapted to UL subframes because of CRS-based CSI/RRM measurements. Clearly, adding such restrictions to traffic adaptation also needs to be investigated by system simulation with respect to specification of signaling techniques.
4. Conclusion

In this contribution we have provide some analysis on proposed signaling techniques to enable adaptive TDD UL/DL reconfiguration. Our findings are:

· To enable fast adaptive TDD UL/DL reconfigurations
· Consider MAC signaling as it can be made as reliable as CA activation/deactivation.
· L1 signaling by using reserved bits in the PBCH is not recommended because of the operational impact on legacy UEs, including Rel-12 UEs prior to adaptive TDD configuration, and resulting increase in UE energy consumption for frequent PBCH demodulation. 
· Further investigation is needed for implicit and explicit signaling methods taking into account the impact on interference mitigation techniques.
· It is necessary to investigate performance benefits under more practical simulation assumptions including

· Non-ideal interference estimation.
· Restrictions to changes in transmission direction to support legacy users.
· Restrictions to adaptation flexibility if reference UL/DL configurations are defined for HARQ/scheduling continuity.  
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