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1 Introduction

This contribution considers signaling mechanisms for TDD UL-DL reconfiguration. Signaling methods based on RRC, or on MAC header, or on L1 have been considered with each method providing a different time-scale of adaptation. This contribution compares the trade-offs associated with the different TDD UL-DL reconfiguration methods.
2 Signaling Methods
Based on the SI conclusions [1], attributes of dynamic TDD UL-DL configuration can be summarized as follows:
· TDD UL-DL reconfiguration based on traffic adaptation provides benefits in terms of packet throughput and energy saving in some of the evaluated deployment scenarios.

· Faster TDD UL-DL reconfiguration time scale provides larger benefits than slower TDD UL-DL reconfiguration time scale
· Interference mitigation is essential to reduce the negative impact on system performance caused by DL-UL interference 

Considering asymmetric DL/UL traffic ratio and bursty traffic load in the real-world application and small cell deployments, fast traffic adaptation by changing TDD UL-DL configuration should be more useful for utilizing available resources and energy saving of small cells. 
2.1 Comparison of signaling methods

For signaling methods for TDD UL-DL reconfiguration, high-layer signaling (SIB based updated, RRC based), L1 based signaling (common, dedicated) and MAC header based approach are discussed. Table 1 shows a summary of comparisons (e.g. [1-4]). All candidates impact HARQ timing and RRM/RLM measurements.
SIB update

· UE reconfiguration latency: To detect a notification of SIB update for a TDD UL-DL reconfiguration, a UE needs the longest delay, among all signaling methods, to decode at least two PDCCHs and two PDSCHs for indication and parsing information (one PDCCH with P-RNTI and PDSCH for paging message and another set of PDCCH and PDSCH for decoding SIB).
· Time-scale of adaptation: Needs at least 320msec with ETWS-like SIB update mechanism [1]
· Legacy UE impact: No impact 
· Overhead and latency: eNB needs to transmit multiple paging channels to address all UEs in a cell as UEs benefiting from eIMTA can be highly varying in time - paging channel overhead and delay will be increased proportionally to the number of UEs in a cell
RRC signaling
· UE reconfiguration latency: Need to decode one PDCCH and one PDSCH for receiving RRC message
· Time-scale of adaptation: Somewhat faster but comparable to SIB based method
· Legacy UE impact: Transparent to legacy UE
· Overhead and latency: Signaling overhead is high with dedicated RRC message (PDCCH+PDSCH) - problem with ambiguity period for when a UE uses the new configuration
MAC header

· UE reconfiguration latency: Same as RRC signaling method

· Time-scale of adaptation: Faster than RRC signaling but slower than L1
· Legacy UE impact, overhead and latency: Similar as RRC signaling method

Common L1 signaling

· UE reconfiguration latency: One control channel can be used for indicating the updated TDD UL-DL configuration for all eIMTA UEs with minimum latency
· Time-scale of adaptation: Shortest and scalable time-scale for reconfiguration among candidates (e.g. 10 msec for isolated cells without interference management requirements – multiples of 10 msec can be supported depending on network need for eIMTA and latency considerations for interference management)
· Legacy UE impact: Transparent to legacy UEs )
· Overhead and latency: Small impact on CSS capacity (e.g. 1 additional PDCCH in CSS of one subframe every 10 or more subframes) - ambiguity on TDD UL-DL configuration between eNB and UE does not exist [1]
Dedicated L1 signaling

· UE reconfiguration latency: Same as common L1 signaling method
· Time-scale of adaptation: Possible to have fast adaptation for a single UE
· Legacy UE impact: Transparent to legacy UE 
· Overhead and latency: UE-DSS overhead larger or comparable to RRC/MAC methods but without the PDSCH overhead – can adapt eIMTA related parameters individually for each UE
Comparisons
· Time-scale of reconfiguration indication
· L1 < MAC header < RRC signaling < SIB update

· Signaling overhead of reconfiguration indication
· L1 < SIB update < MAC header < RRC signaling

· UE reconfiguration latency
· L1 <RRC signaling, MAC header < SIB change

· Broadcast latency of reconfiguration indication
· L1 < SIB update , MAC header , RRC signaling

Observation
· L1 based signaling is advantageous to SIB/RRC/MAC signaling for TDD UL-DL reconfiguration. 

Table 1. Comparison of signaling methods for dynamic TDD UL-DL reconfiguration

	
	SIB change
	RRC signaling
	Common L1
	Dedicated L1
	MAC header

	Number of decoded channels 
(see Note1)
	2PDCCH +2PDSCH
	1PDCCH +1PDSCH
	1PDCCH
	1PDCCH
	1PDCCH
+1PDSCH

	Approximate time scale of reconfiguration 
	>=320msec
	>=200msec
	>=10 msec
	>=10 msec
	~tens msec

	Transparency to legacy UE
	No/Yes
	Yes
	Yes
	Yes
	Yes

	Overhead
	Medium
	High
	Low
	Medium


	High

	Latency
	Large
	Large
	Small
	Small
	Medium


Note1: The number of decoded channels impact the latency in updating the UL-DL configuration due to decoding and parsing the reconfiguration information and the signaling overhead of the reconfiguration indication.
3 L1 Signaling: Common vs. Dedicated, Explicit vs. Implicit
The main advantage of UE-common L1 signaling (PDCCH using existing DCI format structure in CSS) is that it allows with minimum control overhead all UEs to obtain information at least for a new configuration. The disadvantage is the absence of HARQ-ACK feedback. An additional disadvantage may be the inability for UE-specific indication of transmission parameters applicable to the new UL-DL TDD configuration, such as ones related to power control, CSI processes, etc. Whether this is an actual disadvantage is FFS and it may also depend on interference mitigation methods used for eIMTA. The advantages and disadvantages of UE-common L1 signaling are reversed for UE-dedicated L1 signaling (using existing DCI format structure). Therefore, at the present, both UE-common and UE-dedicated signaling can be further considered.
The main advantage of implicit L1 signaling for TDD UL-DL reconfiguration (transmission direction assumed in a flexible subframe is based on the detection of a respective DL/UL DCI format) is the absence of additional PDCCH overhead. However, considering reconfigurations over 10 msec or more and PDCCH resource fragmentation (unlikely use of all PDCCH resources in DL subframes), the additional PDCCH overhead is not an important consideration.

A first disadvantage of implicit L1 signaling is the inability to perform measurements. It is presently unclear how a UE will perform CSI measurements in flexible subframes. If a UE can measure CSI in flexible subframes only if scheduled, this creates a “chicken-and-egg” problem where CSI is needed for a UE to be scheduled PDSCH but the UE needs to be scheduled PDSCH to obtain CSI. The same applies for SRS transmissions. Moreover, it is also unclear whether CSI measurements are considered possible for all flexible subframes or only for a subset of flexible subframes as the interference characteristics for each UE may also be different in different flexible subframes depending on the TDD UL-DL configuration of the dominant interfering cell(s). Also, both CSI feedback and SRS transmissions for respective flexible TTIs are constrained to be aperiodic; this can have an impact on UL overhead particularly since otherwise a NodeB may obtain all CSI information from SRS and require only CQI feedback from a UE. 
A second disadvantage may be associated with PUCCH overhead. As PDSCH scheduling in DL flexible subframes is likely to be by EPDCCH (only option if there is no CRS in flexible subframes), and as the PUCCH resources are accumulated over all subframes in a bundling window, a UE will often be counting UL subframes in the computation of PUCCH resources. To avoid PUCCH resource collisions due to PDCCH misses, the bundling window will always need to be determined based on the configuration with more DL subframes. This can unnecessarily increase PUCCH overhead as ARO in TDD has a very limited capability for PUCCH resource compression in the time domain (and in the ECCE domain). 
A third disadvantage may be associated with UE power consumption and number of blind decoding operations. As a UE needs to assume flexible subframes as DL subframes (unless it is scheduled PUSCH), any UE that is not scheduled PUSCH needs to be powered on over an entire UL subframe in order to perform EPDCCH decoding operations. This obviously increases power consumption and increases a probability of a false CRC check. In case of a false CRC check for an UL grant or an incorrect detection of PHICH ACK as PHICH NACK, a UE assumes an UL direction when a corresponding flexible subframe can be a DL one. As a result, UE to UE interference occurs within the same eIMTA cell and UE may miss actual DL/UL grants transmitted in the flexible DL subframe. Due to the synchronized UL HARQ operation, once it occurs, the above error case can last over several subframes until the maximum number of retransmissions is reached. 
4 Conclusion

This contribution considered attributes and trade-offs for signaling methods for adaptation of a TDD UL-DL configuration. Concerning the number of decoding channels for information parsing, time-scale of reconfiguration, overhead and delay for reconfiguration order, explicit L1 signaling is preferred.
Proposal

· Explicit L1 signaling is used for adaptation of a TDD UL-DL configuration. 
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