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1 Introduction
During the RAN1 #74bis meeting, the following agreements and working assumptions were made in the area of signaling design for TDD UL-DL reconfiguration and HARQ timing design:
· Agreement:

· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced

· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations

· Explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS

· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in Pcell PDCCH CSS
· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in Pcell PDCCH CSS

· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 

· FFS whether or not to have a modification period during which the UE can assume the same configuration 

· FFS whether the UE can combine multiple DCI transmissions within the given modification period

· Working assumption: 

· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only

· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1

In this document we share our views on the working assumptions and the remaining FFS items. In addition, we discuss two additional open issues regarding the fall-back solution in the case that reconfiguration DCI is not detected in the most recent preconfigured DCI transmission subframe at the UE side and the potential PUCCH resource collision avoidance. 
2  Discussion 
2.1 Explicit signalling design 
Explicit reconfiguration DCI was agreed to be transmitted for multiple users in at least PCell PDCCH CSS with a new eIMTA-specific RNTI. Aligning the new DCI format size with the size of an existing DCI format in CSS is needed in order to avoid additional blind decoding complexity. DCI format 1C is preferable to DCI format 0/1A due to its smaller message size which could potentially improve the coverage and robustness of the explicit signaling transmission. Furthermore, with required padding, DCI format 1C provides a reasonable trade-off in terms of the number of supported serving cells with different UL/DL configurtions and robustness to support Carrier Aggregation (CA). 
Supporting multiple RNTIs for an eIMTA-capable UE is undesirable because it results in additional PDCCH processing due to multiple RNTI hypotheses. For the CA scenarios, the eNB can still configure several CCs with the same TDD configuration based on average traffic statistics without sacrifing much performance. In addition, for a given UE, RAN1 has agreed that the same TDD UL/DL configuration should be used for all intra-band aggregated CCs, thus the need of allocating multiple RNTIs for the same UE is rather rare. Therefore, the payload size of the reconfiguration DCI format 1C is sufficient to support TDD UL/DL reconfigurations with multiple serving cells for  most scenarios. 
In view of these aspects, we propose to confirm the aforementioned working assumptions: 
Proposal 1: Confirm the following working assumptions:
· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only.
· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1.
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Figure 1: Illustration of explicit signalling transmission in a UL/DL modification period
When using UE-group-common explicit signalling for dynamic UL-DL reconfiguration, an eIMTA-capable UE is expected to monitor the explicit reconfiguration DCI in a set of periodic subframes subject to UE-specific DRX operation. Morover, several contributions [1-3] have proposed to improve the reliability of the reconfiguration signal by transmitting the DCI format repeatedly with a repetition period within a configurable time window, the so-called modification period [1]. UE can assume the same TDD UL/DL configuration within each modification period. One example is shown in Figure 1, where one DCI format is transmitted by the network four times every 40 ms by setting the repetition period to 10 ms and the modification period to 40ms. UEs can combine four DCI transmissions within the given modification period in order to further improve the detection of the explicit reconfiguration DCI. 
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Figure 2: DCI format performance: Detection performance (left) and DL Geometry SINR (right)
To evaluate whether the motivation of DCI repetitions is justified, we conducted both link level and system level simulations to evaluate the BLER performance of the explicit DCI format 1A and 1C (left graph of Figure 2) and the DL geometry SINR distribution of Pico UEs for the typical Macro-outdoor Pico deployment scenario when different stations (Macro and Pico) operate in adjacent channels (right graph of Figure 2). Table 1 in the Appendix of this contribution provides a summary of the simulation parameters. It can be seen from Figure 2 that since less than 1% of Pico UEs have a DL SNR which is below 0 dB, there is very low missdetection probability in the eMTA deployment scenario. Also, the reliability of the explicit reconfiguration DCI format without repetitions increases with a smaller DCI format size (i.e., DCI format 1C instead of DCI format 1A) and higher CCE aggregation level (e.g., AL8), see the left graph of Figure 2. Therefore, it is concluded that DCI retransmission within a modification period is not required. An eIMTA-capable UE is not expected to monitor additional subframes in addition to the set of periodic subframes.

Proposal 2: 
· The repetition of the explicit reconfiguration DCI within a modification period is not required in Rel-12.
· An eIMTA-capable UE is not expected to monitor additional subframes in addition to the set of periodic subframes. 
2.2 Fall-back operatioin
Although the missdetection probability of the pre-configured explicit reconfiguration DCI  is very low (i.e., less than 10-5 as shown in Figure 2), there is still a probability that the explicit reconfiguration DCI cannot be detected. Further, a UE in DRX mode in the subframe of the periodic DCI transmission will not be able to detect the periodic DCI transmission. Therefore, the UE behavior needs to be specified when the reconfiguration DCI is not detected as fall-back operation in order to ensure proper UE operation. 
There are three possible solutions for fall-back operation when the reconfiguration DCI is not detected in the periodic subframes [4]: 
· Option 1: UE shall monitor non-DRX downlink or special subframes indicated by SIB1 configuration.
· Option 2: UE shall monitor all possible non-DRX downlink or special subframes (i.e., subframes 3, 4, 7, 8, 9), except if it is assigned for either PUCCH or PUSCH transmission. 

· Option 3: UE shall monitor non-DRX downlink or special subframes indicated by DL reference configuration, unless it is assigned for either PUCCH or PUSCH transmission.. 
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Figure 3: One example of candidate fall-back candidate solution 
Figure 3 shows the differences among the three solutions in terms of UE power consumption and scheduling opportunities based on the assumption that a different TDD UL/DL configuration is signalled to the UE by means of SIB1, explicit DCI or RRC signalling. As illustrated in Figure 3, there is a trade-off between scheduling opportunities and UE power consumption. Since RAN1 has agreed that DL HARQ timing follows a higher layer RRC-configured TDD configuration and UL scheduling/HARQ timing follows the UL-DL configuration signaled in SIB1, Option 1 may result in a potential loss of transmission/reception opportunities on flexible subframes which could be beneficial for the UE power consumption. Given the very high reliability of the explicit reconfiguration DCI transmission shown in Section 2.1, we can assume that the impact on the throughput performance of an eIMTA-enabled UE is negligible. In contrast, Options 2 and 3 require the UE to carry out a maximum of 60 PDCCH/ EPDCCH blind decoding attempts during a DL subframe transmission. Although the computational load may be acceptable for small system bandwidth, the complexity will become significant for large system bandwidth with a distributed EPDCCH configuration, which would also increase the UE power consumption, especially for CA with multiple CCs. Moreover, as idenitifed in [5], it needs to be clarified for Options 2 and 3 how a UE can perform CSI measurement given that the transmission direction of flexible subframe is unknown at the UE side in those cases.  
Based on the above discussion, we make the following proposal: 

Proposal 3: 

· UE follows the UL/DL configuration indicated in SIB1, when explicit UL-DL reconfiguration signaling is not detected. 
2.3 PUCCH transmission
For the TDD eIMTA scenario, a DL reference configuration should be used for PDSCH HARQ-ACK feedback to ensure the availability of HARQ-ACK resourcesalthough the DL reference configuration might be different from the UL-DL configuration indicated in SIB1. This implies that two different HARQ timing schemes may be simultaneously followed by a legacy UE and a Rel-12 eIMTA-capable UE. Consequently, PUCCH resource collision may happen if PUCCH format 1b with channel selection is configured. Figure 4 shows such an example where TDD configuration 1 is indicated in SIB1 and TDD configuration 2 is the actual UL-DL configuration implemented by flexibly changing the transmission direction of subframes #3 and #8 from UL to DL. Clearly, the same PUCCH resource would be associated with two separate PDCCHs (i.e., PDCCH 1 in subframe #9 and PDCCH 2 in subframe #0) according to the existing implicit PUCCH resource mappig mechanism. 
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Figure 4：An example of PUCCH resource collision for the UL-DL reconfiguration scenario

To address this issue, two alterantive solutions can be considered without affecting the legay UE behavior: 

· Alternative 1: Modify the existing implicit PUCCH resource mapping rule and use a new mapping rule for Rel-12 eIMTA-capable UEs. 

The basic idea [6] is to divide the PUCCH resource mapping procedure into two steps for an eIMTA-capable UE. First, the UE should map the PUCCH resource index by reusing the exisiting implicit PUCCH resource mapping method for the CCEs in the common DL subframes between two HARQ-ACK bundling windows derived based on SIB1 and DL-reference TDD configuration, see subframes #0 and #1 in Figure 4. Then, the UE should implicitly map PUCCH resources for the other remaining DL subframes within the HARQ-ACK bundling window, according to DL-reference configuration by ensuring no collisions occur with the PUCCH resources reserved in the first step [7], see subframes #9 and #3 in Figure 4.
· Alternative 2: The PUCCH resources for eIMTA-capable UEs are explicitly configured to fixed values via RRC signalling. 

With Alternative 2, orthogonal PUCCH resources for all potential DL subframes are explicitly configured based on the DL-reference configuration. Considering the example in Figure 4, a total of four HARQ-ACK resources need to be semi-persistently reserved for subframes #9, #0, #1 and #3 for each eIMTA-capable UE, assuming TDD configuration 2 is used as the DL-reference configuration. To further reduce the control overhead, explicit PUCCH resources could be allocated to those potential DL subframes which are not common between two HARQ-ACK bundling windows (i.e., subframe #9 and subframe #3 in the example shown in Figure 4), while the existing implicit PUCCH resource mapping rule can be applied to the common DL subframes (i.e., subframe #0 and subframe #1 in Figure 4). Therefore, only two explicit PUCCH resources need to be reserved for an eIMTA-capable UE. Moreover, it should be noted that according to the study item conclusions, since fast traffic adaptation in the order of 10 ms provides maximum packet throughput performance gains for low and medium system loading scenarios, the increased control overhead of Alternative 2 may be negligible in practice. 

Observation 1: 

· PUCCH resource collision between legacy UEs and Rel-12 eIMTA-capable UEs may occur when PUCCH format 1b with channel selection is configured for HARQ-ACK feedback. 
Proposal 4:

· Strive for a simple solution to handle the PUCCH resource collision issue in order to minimize specification changes and constraints on the eNB scheduler. 
3 Conclusions
In this contribution, we investigate the open issues related to the support of Rel-12 eIMTA including the remaining details of explicit signaling design, fall-back operation and potential PUCCH resource collision for PUCCH format 1b with channel selection. We have made the following observation on PUCCH resource allocation: 
Observation 1: 

· PUCCH resource collision between legacy UEs and Rel-12 eIMTA-capable UEs may occur when PUCCH format 1b with channel selection is configured for HARQ-ACK feedback. 
In addition, we made the following proposals for the UL/DL reconfiguration support: 

Proposal 1: Confirm the following working assumptions:
· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only.
· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1.
Proposal 2: 

· The repetition of the explicit reconfiguration DCI within a modification period is not required in Rel-12.
· An eIMTA-capable UE is not expected to monitor additional subframes in addition to the set of periodic subframes. 
Proposal 3: 

· UE follows the UL/DL configuration indicated in SIB1, when explicit UL-DL reconfiguration signaling is not detected. 
Proposal 4:

· Strive for a simple solution to handle the PUCCH resource collision issue in order to minimize specification changes and constraints on the eNB scheduler. 
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Appendix 

Link level simulation assumption

Table A-1 Link level simulation assumptions for evaluating the detection performance for PDCCH format 1C and 1A
	Parameter
	Value

	Bandwidth
	20 MHz

	Carrier frequency 
	2.6 GHz

	Channel model and Doppler frequency
	EPA5

	Antenna configuration
	2x2 with low correlation
Cross-polarized antennas

	UE receiver
	MMSE
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