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Discussion and Decision
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 as well as UL-DL candidate set for UEs configured to flexible UL-DL mode. 
The following progress took place in the previous RAN1 meeting [7]:
· Agreement on DL:
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration

· At least configurations 2 and 5 can be selected

· FFS other configurations

· Conclusion on UL: Decide between Alt 1 and Alt 2 after the discussion on DL to UL subframe conversion concludes.
· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1

· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration 

· Observation: Uplink and downlink scheduling and HARQ feeback timing is not dependent on explicit L1 signaling

· Working assumption: A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.

2. UL reference configuration
As discussed in previous section, there are currently two alternatives on table for arranging uplink scheduling and HARQ timing:
· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1

· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration 

In addition to that, there is a working assumption related to ” DL to UL subframe conversion”

· A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.
Based on the current working assumption related to “DL to UL subframe conversion”, it is obvious that Alt1 is way to go with UL reference configuration. 

· 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 measurements based on CRS can be kept unchanged since changing of DL subframe or Special subframe into an UL subframe is not allowed [5]. This is well inline with the current working assumption.

It is also noted that higher layer configured UL reference configuration (Alt2) does not provide any benefits compared to SIB1-defined configuration (Alt1). For that reason we make the following proposal:

Proposal #1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1 (Alt 1)
3. DL reference configuration and Candidate UL-DL configuration sets 
The remaining question related to DL reference configurations is if there is a need for DL reference configurations other than #2 and #5? The main issue here are is: what is benefit that additional DL reference configurations could provide on top of available options #2 and #5?
It is noted that the UL-DL configuration flexibility (i.e. the number of available UL-DL configurations in the candidate set) varies a lot, depending on the DL reference configuration and SIB-1 Indicated UL-DL configuration. This has been shown in Table 1. 
It can be noted based on Table 1 that:

· From UL-DL configuration flexibility point of view, DL reference configuration #5 is the best choice and from flexibility point of view, there is no need for additional DL reference configurations.

· DL reference configuration #2 allows eNB to trade-off the configuration flexibility for other aspects such as latency and uplink control signalling properties (e.g. HARQ-ACK codebook size). 

· Additional options for DL reference configurations wouldn’t provide much additional flexibility on top of available UL-DL configurations #2 and #5.
Based on this analysis, we make the following proposal:
Proposal #2: There is no need for DL reference configurations other than #2 and #5.
Table 1. Candidate TDD UL-DL configuration sets for possible DL reference configurations
[image: image1.emf]SIB-1 Indicated TDD  DL reference configuration

UL-DL Configuration 5 2 4 1 3 6 0

0 0, 1, 2, 3, 4, 5, 6 0, 1, 2, 6 0, 1, 4, 6 0, 1, 6 0, 3, 6 0, 6 0

1 1, 2, 4, 5 1, 2 1, 4 1 - - -

2 2, 5 2 - - - - -

3 3, 4, 5 - 3, 4 - 3 - -

4 4, 5 - 4 - - - -

5 5 - - - - - -

6 1, 2, 3, 4, 5, 6 1, 2, 6 0, 1, 4, 6 1, 6 3, 6 6 -


When both UL and DL reference configurations have been defined, it is possible to derive subframe types for UEs configured to eIMTA mode. Figure 2 illustrates UL, DL and flexible subframes assuming DL reference configuration 5. It is noted that subframe #6 is a special case of flexible subframe since it cannot be changed into UL (only Special subframe and DL subframes are supported with subframe #6).
Proposal #3: Derive candidate set as well as subframe types based on the UL and the DL reference configurations.
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Figure 1. Subframe types with DL reference configuration = 5.
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: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1
Proposal #2: There is no need for DL reference configurations other than #2 and #5.

Proposal #3: Derive candidate set as well as subframe types based on the UL and the DL reference configurations.
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