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1 Introduction
Studies on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” (LTE TDD eIMTA) are completed in Rel-11. It was concluded that this feature is beneficial for small cell related TD-LTE deployment scenarios, as shown in TR36.828 [1]. A follow-up Rel-12 work item was then approved in RAN#58 [2], with the following objectives: 

· Agree on the deployment scenarios for TDD UL-DL reconfigurations
· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

· 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;

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;

· Specify applicable eNB and UE core requirements.
In this contribution, we discuss the UL-DL reconfiguration time scales and the corresponding signaling mechanisms.
2 Signaling mechanisms for UL-DL reconfiguration
In [3], system performance of interference mitigation and traffic adaptation with different UL-DL reconfiguration time scales are provided under multi-cell deployment scenario. Generally faster reconfiguration provides better performance over slower reconfiguration especially in low to medium cell traffic load. However, the performance difference diminishes with the increase of cell traffic load. In TR36.828, four types of signaling mechanisms were captured with each corresponding to a typical UL-DL reconfiguration time scale. Evaluations for additional time scales are provided in [3]. In this section we discuss and compare these approaches in more detail.
2.1 System Information signaling
This method supports TDD UL-DL reconfiguration by system information (SI) change as supported by the current specification, where the TDD UL-DL configuration is indicated by SIB. Two approaches can be considered. One is the Rel-8 system information change procedure and the other is to reuse the Rel-10 ETWS (Earthquake and Tsunami Warning System) notification procedure, corresponding to 640ms and 320ms reconfiguration time scale, respectively. 
The main advantage of this mechanism is its full backward compatibility, and legacy UEs can also enjoy the benefit of LTE TDD eIMTA if the current SI change procedures are reused. Signaling optimizations can be specified for Rel-12 UEs to resolve the signaling ambiguities, without impacts on legacy UEs. The main drawback of this mechanism is the lower system performance compared to faster reconfiguration time scales. Other issues may include excessive paging overhead according to the current SI change procedures and even UEs without traffic demands may be affected by the change of the UL-DL configuration.
With this approach, there is ambiguity between eNB and UE on the current UL-DL configuration used in the cell. As illustrated in figure 1, according to the current specification, UE may use the previous UL-DL configuration before it successfully decodes the updated SI but eNB has applied the new UL-DL configuration in the cell. The duration of the ambiguity period may be different for different UEs since they may not decode the updated SI at the same time. Scheduling restrictions can be applied by the eNB so that the communication between eNB and UE can be maintained but the throughput during ambiguity period degrades. Optimizations can be specified to solve the ambiguity. One aspect is to specify that HARQ timing follows a reference TDD UL-DL configuration so that HARQ processes are not impacted by the change of UL-DL configuration, e.g. DL HARQ follows the timing relationship currently defined for UL-DL configuration #2 (or #5 depending on the reconfiguration flexibility) and UL HARQ follows that defined for UL-DL configuration #0. Another aspect is to specify a same timing at which the eNB and UEs apply the new UL-DL configuration. For example the timing can be defined as a time delay after the starting of BCCH modification period (n+1) if paging for SI change is transmitted in BCCH medication period (n). This can be discussed in RAN2.
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Figure 1: Ambiguity between eNB and UE during UL-DL reconfiguration by SI change
2.2 RRC signaling
This method supports TDD UL-DL reconfiguration by RRC signaling. The corresponding time scale supported by this method depends on how fast the reconfiguration can be performed. Typical time scale intended by this method is on the order of 200ms. This method requires one reconfiguration message per RRC connected user, unless a broadcast or a multicast approach is specified. 
As shown in [3], the performance with this approach is much better than system information signaling. However, with this approach, throughput of legacy UEs may be degraded since the UL-DL configuration actually used may be different from that signaled by SIB1. In addition, if a specific subframe is a DL subframe according to the SIB1 indicated TDD UL-DL configuration, but is an UL subframe according to the higher layer signaled TDD UL-DL configuration, legacy UEs will still assume presence of reference signals e.g. CRS in such a subframe. This will for instance impact legacy UEs’ RRM and RLM measurements. One way to handle this problem is to restrict the UL-DL reconfiguration flexibility according to SIB1 information so that no DL subframe configured by SIB1 can be changed into UL subframe, but this will degrade the traffic adaptation performance. Alternatively, eNB can configure UL-DL configuration #0 in SIB1 to enable a full flexibility of traffic adaptation for Rel-12 UEs, but this may degrade the throughput for legacy UEs.
With this approach, ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during reconfiguration according to the current specification. Optimizations can be specified to solve the ambiguity. Similar as discussed in section 2.1, DL and UL reference UL-DL configuration for HARQ timing determination can be specified. In addition, a timing at which new UL-DL configuration takes effect can be defined, e.g. K subframes after the PDSCH carrying RRC signaling is transmitted.
2.3 MAC signaling
This method supports TDD UL-DL reconfiguration by MAC Control Element (CE) signaling in the MAC header, with adaptation time scale on the order of a few tens of ms.
This approach provides better system performance over system information signaling and RRC signaling. This approach is also not applicable to legacy UEs, and the corresponding impacts to legacy UEs are the same as the RRC signaling approach. Ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during reconfiguration according to the current specification. Although optimizations as in section 2.2 can also be applied to solve the ambiguity, MAC signaling approach is not preferred since MAC CE signaling does not have its own error recovery procedure and the HARQ-ACK corresponding to the PDSCH containing the MAC CE signaling may be received incorrectly.
2.4 Physical layer signaling
This method supports TDD UL-DL reconfiguration by physical layer design, with adaptation time scale on the order of one or several radio frames. 
This approach provides the best system performance over the others. This approach is also not applicable to legacy UEs, and the corresponding impacts to legacy UEs are the same as the RRC or MAC signaling approach. Such a fast UL-DL reconfiguration may be only applicable in an isolated small cell. In a non-isolated small cell, 10ms reconfiguration time scale may not be practically applicable since interference mitigation schemes may require coordination between small cells, especially considering non-ideal backhauls.
Reference UL-DL configuration for HARQ timing determination can be specified to support this reconfiguration time scale, similar as discussed in section 2.1.
Several alternatives can be considered to support this reconfiguration time scale, as discussed the following.
· Explicit L1 signaling
New L1 control channel can be specified to transmit the UL-DL configuration used in the cell but this would require significant specification work and signaling overhead. PDCCH or EPDCCH can be reused for the L1 signaling but still would require additional overhead. Another alternative is to use PBCH for the L1 signaling (i.e. reusing 3bits that is currently reseved in the MIB), which provides adaptation time scale of 40ms. With this mechanism, the spec impact can be very limited without additional signaling overhead. In [3], good performance with the 40ms time scale is shown, where the UL throughput is nearly the same as the 10ms time scale and the maximum DL throughput different is less than 5%. Therefore the PBCH approach is preferable.
· Implicit L1 signaling

In this approach, no explicit signaling is defined to indicate the UL-DL configuration. UE can derive the transmission direction of a subframe based on eNB scheduling or preconfigured UL transmissions. This approach is beneficial in terms of signaling overhead. However, an UL grant false alarm can cause a UE to transmit UL signal in a DL subframe, which increases the UE-to-UE interference. The probability of this interference increases with the number of non-DRX UEs in the cell, and can be severe when UEs are close to each other. Therefore this approach is less attractive than explicit L1 signaling from robustness perspective.
3 Other potential specification impacts
Based on the above discussion, defining a reference UL-DL configuration for HARQ timeline is necessary for any signaling solution to guarantee the transmission continuity during UL-DL reconfigurations, irrespective the time scales. It should be discussed which of the current UL-DL configurations is used as the UL and DL reference configuration for TDD eIMTA. For example, if the UL-DL reconfiguration flexibility is limited to the current UL-DL configurations with 5ms switching point periodicity, i.e. configurations {#0, #1, #2, #6}, then configuration #2 and configuration #0 can be used as the DL and UL reference configuration, respectively. However, there is around 10% DL packet throughput loss by such a limitation, since UL-DL configuration #5 cannot be used with TDD eIMTA.
Other specification impacts to support UL-DL reconfiguration may include RRM/RLM measurements and CSI reporting. RRM/RLM measurement can be limited in the subframes whose transmission directions cannot be changed by UL-DL reconfiguration, e.g. subframes {0, 1, 5, 6}. CSI variance between fixed subframe set {0, 1, 5, 6} and reconfigurable subframes can be significantly large due to BS-to-BS interference. It should be discussed whether the current mechanisms (e.g. subframe subsets for CSI report specified for eICIC or multiple CSI processes specified for CoMP) are sufficient to handle the CSI variance.
4 Conclusions

In this contribution we discuss the signaling mechanisms for UL-DL reconfigurations. Analysis on the pros and cons and specification impacts are provided. Further discussion is needed to decide which one to specify, considering at least following aspects:
· System performance

· Signaling overhead
· Signaling robustness

· Backhaul constraint
· Specification impacts
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