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1. Introduction
One of the objectives of TDD-eIMTA Work Item is to specify the necessary enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g. HARQ/scheduling timeline, while maintaining backwards compatibility and performance of both legacy UEs and UEs supporting flexible UL-DL reconfiguration [1]. 
In this contribution we present an arrangement for HARQ/scheduling timeline based on so-called reference configuration based approach [2-4]. The main question is how to define UL and DL reference configurations for UEs configured to flexible UL-DL mode.  
2. Reference configuration scheme
As discussed in previous contributions (e.g. [2-4]) reference configuration based signalling method has many advantages. First of all, the principle has already been specified for Rel-11 carrier aggregation with different UL-DL configurations. Hence, the most of the signalling principles have already been captured in existing specifications, which indicates that specification impact of flexible UL-DL reconfiguration can be kept at reasonable level when using reference configuration method. 

Reference configuration scheme can be realized by applying HARQ and scheduling timing based on different but existing TDD configurations for uplink and downlink. Two reference configurations having similar functionality as defined in Rel-11 Carrier Aggregation are: 

1. UL reference UL/DL configuration defining:
· PUSCH-to-PHICH timing

· DCI/PHICH-to-PUSCH timing 

· The number of HARQ processes for UL 

2. DL reference UL/DL configuration defining:
· PDSCH-to-ACK timing

· The maximum number of HARQ processes for DL side 

· HARQ-ACK signalling in UL (e.g. size of the HARQ-ACK codebook)
One of the advantages of the reference configuration method is that it is a relatively simple solution, which completely avoids the potential misunderstanding between eNB and UE regarding to HARQ timing when UL-DL configuration changes. Furthermore, it supports all different time scales and signalling schemes (implicit/explicit) used for conveying the actual UL/DL reconfiguration signalling [6]. 
Based on these advantages we make the following proposal:
Proposal #1: Agree as a working assumption to use reference configuration based approach for HARQ/scheduling timing for flexible UL-DL reference configuration.
Subset relation of DL and UL subframes:

Reference configuration scheme relies on the so called subset relation among existing TDD configurations. 

The subset relation for DL (or UL) can be defined such that configuration i is a subset of configuration j, if every DL (or UL) subframe of configuration i is also DL (or UL) subrame of configuration j. This can be denoted as D(i) ( D(j) for downlink subframes and U(i) ( U(j) for uplink subframes, respectively. The subset relation of existing UL/DL configurations is depicted in Figure 1 [3]. When operating within the subset relation, it’s possible for the eNB to apply any of the existing UL/DL configurations (denoted as m), as long as D(i) ( D(m)( D(j)  [or U(j) ( U(m)( U(i)] where i denotes the UL reference configuration and j denotes the DL reference configuration.  
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Figure 1 Subset relation of DL and UL subframes [3].
3. Signalling solution for dynamic UL-DL reconfiguration
In order to specify HARQ and scheduling timing based on reference configuration method there is a need to define exact methodology to select UL and DL reference configurations.

In order to maximize the configuration flexibility, it makes sense to select UL/DL configuration defined by the SIB-1 as the UL reference configuration for UEs configured to flexible UL-DL mode. 

This choice will also ensure that legacy UE’s measurement based on CRS can be kept unchanged since changing of DL subframe or Special subframe into an UL subframe is not allowed [5].
Proposal #2: UL reference configuration is defined as the UL-DL configuration defined by SIB-1 configuration.
There are more degrees of freedom in selecting the DL reference configuration (called as X). One approach is to use UL/DL configuration 5 as a fixed selection for DL reference configuration. The advantage of this selection would be that it will maximize the overall configuration flexibility. Another (or complementary) approach is to let eNB to configure the DL reference configuration following the limitations given by DL subset relation and the UL/DL configuration given by SIB-1 configuration. This semi-statically configured parameter would allow eNB to trade-off the configuration flexibility for other aspects such as latency and uplink control signalling properties (e.g. HARQ-ACK codebook size).
Proposal #3: DL reference configuration (X) is defined as another pre-defined or configured UL-DL configuration fulfilling the DL subset relation: D(SIB-1) ( D(X).
When both UL and DL reference configurations have been defined, it is possible to derive the candidate set for UEs configured to flexible UL/DL reconfiguration mode. Table 1 illustrates such candidate set, assuming that configuration 5 is used as the DL reference configuration.  Figure 3 illustrates UL, DL and flexible subframes according to the same assumptions. Similar definition has also been given in [5].
Proposal #4: Derive candidate set for TDD UL-DL configurations based on the UL and the DL reference configurations.
Table 1. Example of Candidate TDD UL-DL configuration set, DL reference configuration equals to configuration 5.
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Figure 2. Flexible subframes for each TDD UL-DL configuration, X=5.

From Table 1, it can be observed that if SIB-1 constantly indicates TDD UL-DL configuration 0, the size of the candidate TDD UL-DL configuration set will be maximized. This will also maximize the performance benefit of the eIMTA feature from Rel-12 UEs’ point of view. However, since legacy UEs are using configuration 0 (as legacy UE will always follow SIB-1 configuration), this configuration has the biggest impact on their DL performance. Taking these aspects into account it can be noted that when the penetration of eIMTA enabled UEs is high and the proportion of legacy UEs is getting smaller, the most beneficial UL-DL configuration defined by SIB-1 is configuration 0. 

Observation #1: The most suitable UL-DL configuration defined by SIB-1 corresponds to configuration 0 in the case when the penetration of eIMTA enabled UEs is high and the proportion of legacy UEs is getting smaller.
4. Conclusions

In this contribution we discussed HARQ and scheduling timeline for UEs supporting flexible UL-DL reference configuration. Based on the discussion, we make the following proposals:
Proposal #1: Agree as a working assumption to use reference configuration based approach for HARQ/scheduling timing for flexible UL-DL reference configuration.
Proposal #2: UL reference configuration is defined as the UL-DL configuration defined by SIB-1 configuration.
Proposal #3: DL reference configuration (X) is defined as another pre-defined or configured UL-DL configuration fulfilling the DL subset relation: D(SIB-1) ( D(X).
Proposal #4: Derive candidate set for TDD UL-DL configurations based on the UL and the DL reference configurations.
Observation #1: The most suitable UL-DL configuration defined by SIB-1 corresponds to configuration 0 in the case when the penetration of eIMTA enabled UEs is high and the proportion of legacy UEs is getting smaller.
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