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1 Introduction

HARQ feedback and scheduling timing depends on the TDD configuration in order to make sure that feedback is always mapped to a subframe in the right direction. When introducing eIMTA where a UE may change its assumption on subframe direction on a fast basis a way of handling this fast change and HARQ continuity is needed. In this contribution we define a simple and stragithforward way to reuse existing standardized HARQ and scheduling timing. Also fallback operation is discused, for managing operation during reconfiguration phases. 
2 Discussion
Fast explicit signaling is discussed in [1] where it is made clear that HARQ and scheduling timing should not be associated with the explicit signaling due to robustness issues and limited benefits of doing so. Instead is a robust feedback and scheduling timing scheme needed to match all possible configurations. 
HARQ timing can be inherited from the configurations in a natural way by adopting dual reference configurations. This does not only significantly simplify specification but also make sure that sensitive HARQ feedback is only sent in subframes with a static direction within the system. This ensures that this feedback is protected from any cross link interference, relaxing the tight need for interference control. 

With dual reference configurations is the UE configured to operate with two different TDD configurations at the same time, where one configuration is applied for uplink timing, such as PDCCH to PUSCH delay and PHICH timing, and a different configuration is used for downlink timing, such as PDSCH HARQ feedback delay. Most discussion on TDD timing in previous meetings has been on the HARQ timing but also the uplink scheduling timing, when to monitor for uplink grants and the delay between grant and transmission, is also dependent on the TDD configuration. In order to be able to schedule all uplink subframes without introducing new timing tables or complex dependencies on fast signaling it is natural that uplink scheduling follow the uplink reference configuration.
Proposal 1 The uplink reference configuration determines the PDCCH monitoring for uplink grants, PDCCH to PUSCH delay and PUSCH to PHICH timing.
Proposal 2 The downlink reference configuration determines the PDSCH HARQ feedback timing. 
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Figure 1
 Example of HARQ and scheduling timing inherited from carrier aggregation, scheduling flexible assign subframe 3 and 8 as uplink or downlink.
Some limitations exist to the configurations forming valid reference configurations and it also may put some restriction on the reconfiguration freedom for the fast adaptation. First must all downlink subframes in the uplink configuration also be downlink in the downlink reference configuration. The other way around must also be true, i.e. the uplink subframes in the downlink configuration must be uplink subframes in the uplink reference configurations. These conditions must also be met by any fast adaptation configuration. This implies that we form a number of fixed subframes, downlink SF in uplink reference and uplink SF in downlink reference, and a number of flexible subframes. Secondly will the HARQ RTT and delay be dependent on the configuration. Hence it is desirable to keep the number of flexible subframes high for best traffic adaptation as well as keeping the RTT down. This creates a tradeoff for the system dependent on situation. 
For example if uplink reference configuration is 0 we have a uplink round trip time of 13-14 ms while with configuration 1 we have a round trip of 10 ms. With configuration 1 we have two less flexible subframes. With configuration 2 as downlink reference we have a RTT of 10 ms while with configuration 5 RTT is 8-17 ms with the loss of 1 flexible subframe. 

2.1 Configuration
In order to be able to determine the HARQ timing uplink and downlink reference timing is needed. 

If uplink reference configuration would be different from the configuration signalled in SIB1 the PHICH mapping would have to be modified, either by introducing a new (e)PHICH channel or by introducing PHICH less operation. The eNodeB would also have to puncture the beginning of the uplink frames in the reference configuration to send CRS according to legacy operation. At this point it is not clear that the added flexibility of having the uplink reference different from SIB1 configuration, enabling uplink data in MBSFN subframes, motivates the complexity introduced. 

Proposal 3  The uplink reference configuration for one cell is the UL/DL configuration signaled in SIB1 for that cell.
Proposal 4 The UE may assume that PDCCH is mapped according to the uplink reference configuration in subframes indicated as downlink in the uplink reference configuration.
For downlink reference configuration additional signalling is needed, this would act as the configuration activating the traffic adaptation. Setting the downlink reference configuration fixed in the standard would unnecessarily limit system configurability at very small complexity gain. 
Proposal 5 The downlink reference configuration is signaled by dedicated higher layer signaling.

2.2 Carrier aggregation

The dual reference configuration naturally extends to carrier aggregation where the downlink reference configuration is applied for PDSCH HARQ feedback mapping instead of the configuration signaled for the PCell. If the Scell is not utilizing eIMTA it would apply SIB1 signaled UL/DL configuration if the SCell has the same UL/DL configuration as the PCell reference configuration. If however the Pcell reference configuration is different from the Scells UL/DL configuration the SCell should apply a reference configurations that is based on the PCells reference configuration. If the SCell is utilizing eIMTA, the Scell can only apply an reference configuration that is compatible with the reference configuration on the Pcell. 
2.3 PUCCH resource mapping

Since traffic adaptation implies that more subframes are useful for downlink transmission compared to the case of no traffic adaptation, different resource mapping will be applied by a user configured with the feature compared to one that do not. This creates a collision risk in the PUCCH resource mapping where two assignments may point to the same physical resource. A few potential solutions can be envisioned. 

PUCCH format 3 can directly be applied to both single cell and carrier aggregation cases. Encoding would then be done according to the downlink reference configuration of respective cell. 

2.3.1 Scheduler collision avoidance

The from the specification point of view most straight forward solution is to leave the collision problem to the scheduler. This would put some restrictions on how to schedule legacy users together with new traffic adaptation activated users where some CCE combinations cannot both serve as initial CCE. Since the traffic adaptation feature mainly targets small cells and not extremely high loads, search space limitations may not be a limited problem and hence it may be a feasible solution. It does however add some complexity to the eNodeB.   
2.3.2 Separated PUCCH resources

An option to guarantee that no limitations occur in the scheduler, that also simplify scheduler design, is to separate the PUCCH resource regions, for example by configuring different 
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 or by employing EPDCCH scheduling with different PUCCH mapping parameters. Together with some scheduler implementation this may be sufficient for effective operation. The drawback is an increase in PUCCH overhead. 
2.3.3 Updated resource mapping  

If need is found that the complexity to scheduler implementation is too much and PUCCH overhead becomes too large for resource separation, an optimized scheme for PUCCH resource mapping could be considered. For example the feedback mapping may be updated such that subframes present in uplink reference configurations “downlink associations set” be mapped first according to the feedback mapping of the uplink reference configuration. Any remaining subframes in the “downlink association set” for the downlink reference configuration set may then be mapped according to the existing procedure, but offseted by the first mapping or mapped to configured resources. 
Table 1 Downlink association set index
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Proposal 6 Subframes present in both uplink and downlink reference configurations “Downlink association set” are mapped according to uplink reference configuration. 
2.4 Fallback operation
By not introducing any dependency between any fast physical layer signaling and the L1 scheduling timing, most severe problems requiring fallback operations is avoided. However some cases still occur if continuous operation is to be supported. One example is during configuration/activation of the traffic adaptation feature. This will most likely be dependent on RRC configuration and is hence connected with an ambiguity period from the eNodeBs perspective, after the RRC reconfiguration message is sent but before the RRC reconfiguration complete is received. During this period of time the eNodeB cannot know the PDSCH HARQ timing and PUCCH resource mapping employed by the UE. Three potential solutions exist. The eNodeB may try to blindly detect that the UE has updated its configuration by monitoring both possible HARQ feedback occasions, assuming there is no risk for collisions. Alternatively a fallback mode of operation could be introduced where PDSCH scheduled from common search space follow the HARQ feedback timing and PUCCH resource mapping indicated in SIB1, given that the subframe is downlink according to that configuration. A third alternative is to restrict scheduling to the subframes where HARQ feedback has the same mapping independent of configuration, if such subframes are available. It should be noted that this configuration is expected to be infrequent and hence it is not clear that optimizations are needed.   
Proposal 7 RAN1 should further study if fallback operation is required for configuration/reconfiguration of eIMTA.
3 Conclusion

In this contribution we address the topic of HARQ feedback timing and resource mapping. Based on the discussion we make the following proposals: 
Proposal 8 The uplink reference configuration determines the PDCCH monitoring for uplink grants, PDCCH to PUSCH delay and PUSCH to PHICH timing.
Proposal 9 The downlink reference configuration determines the PDSCH HARQ feedback timing. 
Proposal 10 The uplink reference configuration for one cell is the UL/DL configuration signaled in SIB1 for that cell.
Proposal 11 The UE may assume that PDCCH is mapped according to the uplink reference configuration in subframes indicated as downlink in the uplink reference configuration.

Proposal 12 The downlink reference configuration is signaled by dedicated higher layer signaling.

Proposal 13 RAN1 should further study if fallback operation is required for configuration/reconfiguration of eIMTA.
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