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1 Introduction

After the discussions in RAN1 #72bis [1], a signaling mechanism which explicitly or implicitly indicates the TDD UL-DL reconfiguration either by PDCCH (explicitly or implicitly), or by MAC signaling is to be further considered (PBCH/MIB signaling can be revisited if PDCCH/MAC signaling prove to be problematic).

This contribution compares the trade-offs associated with TDD UL-DL reconfiguration signaling based on MAC header, or on PDCCH which includes UE-common PDCCH and explicit or implicit UE-dedicated PDCCH. 
2 Signaling Methods
Considering asymmetric DL/UL traffic ratios, bursty traffic loads and small cell deployments, fast traffic adaptation by changing a TDD UL-DL configuration can best utilize the available resources and maximize DL/UL throughput. Although, due to practical reasons, in many cases the UL-DL reconfiguration cannot occur in less than several tens of milliseconds (e.g. due to the need to perform interference coordination among cells with non-ideal backhaul), the probability that a cell is an “isolated” one is not negligible. A signaling mechanism for TDD UL-DL reconfiguration should allow the full potential of eIMTA to be achieved by simple adaptation of the UL-DL reconfiguration period to the particular operating scenario (e.g. interfering cells with non-ideal backhaul, isolated cells, various traffic types, etc.). In general, a network should be provided the capability to adjust the TDD UL-DL reconfiguration period to its operational characteristics, especially if this capability is not associated with any disadvantages.     
For signaling methods for TDD UL-DL reconfiguration, PDCCH based signaling (UE-common, UE-dedicated implicit/explicit) and MAC header based approaches are currently considered. 
Table 1 lists a comparison of PDCCH based signaling and MAC header based signaling. It can be observed that there is no metric for which MAC header based signaling is preferable to UE-dedicated PDCCH signaling. 
Table 1: Comparison of signaling methods for dynamic TDD UL-DL reconfiguration

	
	UE-Common PDCCH 
	UE-Dedicated PDCCH 
	MAC Header

	Number of decoded channels 


	1 PDCCH
	1 PDCCH
	1 PDCCH

+1 PDSCH

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

	Transparency to legacy UEs
	Yes
	Yes
	Yes

	Overhead
	Low
	Medium


	High

	Latency
	Small
	Small
	Medium

	Detection Reliability
	Best
	Good
	Worst

	HARQ-ACK Feedback
	No
	Yes
	Yes


Observation 1: UE-dedicated PDCCH signaling is always preferable to MAC header signaling for a TDD UL-DL reconfiguration. 
3 Explicit PDCCH Signaling: UE-Common vs. UE-Dedicated 
The main advantage of UE-common PDCCH signaling is that it allows, with minimum control overhead, all UEs to obtain information for at least the new UL-DL configuration. The DCI format can also carry UE-common transmission parameters applicable to the new UL-DL TDD configuration, such as ones related to power control, CSI processes, SRS, etc. For example, as discussed in [2], it is beneficial to signal the values of 
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 a UE should use for UL power control in some flexible UL subframes after a TDD UL-DL reconfiguration. This is because a single set of 
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 values for some flexible UL subframes is not appropriate as the interference experienced in flexible UL subframes before a reconfiguration can be largely uncorrelated to the interference experienced in flexible UL subframes after a reconfiguration. For example, for larger interference in a flexible UL subframe, larger values of 
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 can be used compared to smaller interference in a flexible UL subframe. 
The disadvantage of UL-common PDCCH signaling is the absence of HARQ-ACK feedback. However, given the very high reliability of UE-common PDCCH (BLER is much less that 1% for the vast majority of UEs), the impact from the absence of HARQ-ACK feedback is negligible and an eNodeB has means to subsequently detect that a particular UE missed the UE-common PDCCH (e.g. absence of CSI/SRS transmissions associated with the new TDD UL-DL configuration). The SIB1 signaled TDD UL-DL configuration is of course always available to a UE that missed the UE-common PDCCH. It is noted that the DL control overhead associated with the transmission of a UE-common PDCCH over an UL-DL reconfiguration period is negligible even for reconfiguration periods as fast as 10 msec. Therefore, detection reliability or overhead for UE-common PDCCH are not meaningful issues. 
An additional disadvantage, relative to UE-dedicated explicit PDCCH, may be the inability for UE-specific indication of transmission parameters applicable to the new UL-DL TDD configuration, such as for example the UE-specific component for 
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. However, it seems reasonable if the cell-specific component of 
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 is properly adapted for some flexible UL subframes, the same UE-specific component can be used for fixed and flexible UL subframes (FFS).
The advantages and disadvantages of UE-common PDCCH signaling are reversed for UE-dedicated PDCCH signaling (using an existing DCI format structure such as DCI 0/1A). Note that since eIMTA deployments are typically beneficial when the number of RRC-CONNECTED UEs is small/moderate (e.g. in small cells), the additional overhead from UE-dedicated PDCCH for TDD UL-DL reconfiguration is not substantial. This is the case either in isolated cells with very few UEs and fast adaptation or in non-isolated cells with more UEs and slower adaptation (e.g. the PDCCH “cost” is expected to be less than one PDCCH per subframe).
The specification impact for either UE-common or UE-dedicated PDCCH signaling is trivial (e.g. a single new RNTI defined for an existing DCI format for UE-common PDCCH signaling or a behavior similar to SPS activation/deactivation defined for UE-dedicated PDCCH signaling). 

Considering the above, UE-common PDCCH seems sufficient for signaling the new TDD UL-DL configuration.

Observation 2: Both UE-common PDCCH and UE-dedicated PDCCH are suitable for signaling a TDD UL-DL reconfiguration. UE-common PDCCH is advantageous in terms of PDCCH overhead while UE-dedicated PDCCH is advantageous in terms of UE-specifically configuring parameters and allowing for HARQ-ACK feedback. 
4 PDCCH Signaling: Explicit vs. Implicit
The main claimed advantage of implicit PDCCH 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 at least 10 msec and PDCCH resource fragmentation (unlikely use of all PDCCH resources in DL subframes), the additional PDCCH overhead is trivial especially for the UE-common PDCCH signaling. Moreover, as previously mentioned, UE-common PDCCH can be detected by the vast majority of UEs with BLER that is orders of magnitude smaller than 1% (e.g. using 8 CCEs and optional power boosting – reliability is even higher than for SIB1-based reconfiguration as only PDCCH detection is required). Conversely, implicit PDCCH signaling is associated with a series of serious disadvantages. 
A first disadvantage of implicit PDCCH signaling is an inability to perform timely measurements. It has been suggested in [3] that ZP CSI-RS is configured for every flexible DL subframe (1 msec periodicity allowed) and a UE measures CSI/IMR in flexible only when scheduled. This creates a “chicken-and-egg” problem for DL scheduling where CSI/IMR is needed for a UE to be scheduled PDSCH in a flexible DL subframe but the UE needs to be first scheduled PDSCH in a flexible DL subframe to obtain CSI/IMR. Therefore, UEs that have not been scheduled PDSCH or UEs without a recent scheduled PDSCH cannot have a proper link adaptation for their PDSCH transmissions when scheduled. Lack of proper link adaptation can obviously cause significant throughput degradation. The same applies for SRS transmissions. As a UE cannot know the direction of a flexible TTI, it cannot transmit SRS in order for an eNodeB to estimate UL interference and perform proper link adaptation unless the UE is scheduled PUSCH (“chicken-and-egg” problem for UL scheduling). It is generally preferable to obtain an estimate of the interference a UE experiences in a flexible UL subframe over a wide BW as eNodeBs may perform FDM ICIC for DL transmissions and interference can be different at different parts of the BW in flexible subframes. 
As a remedy to the first disadvantage, it was suggested that a UE blindly measures IMR is flexible subframes without knowing whether the subframe is DL or UL. In addition to unnecessary measurements and power consumption, this also creates unnecessary UL overhead as useless information is reported (CSI measurements in UL subframes). Moreover, for A-CSI triggering, it may be unclear to a UE which CSI process it should report and in case it reports all CSI processes, useless information is inevitably included. It is noted that, similar to explicit signaling, implicit signaling also requires that an UL-DL configuration is maintained constant over an adaptation period as otherwise a CSI measurement for a given flexible subframe would be mostly meaningless as the interference experienced by the given subframe is different at its next occurrence. 
A second disadvantage may be associated with PUCCH overhead. As PDSCH scheduling in DL flexible subframes may 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 (and, possibly, even interference measurements). 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. 
Comparing the above disadvantages for implicit PDCCH signaling to the disadvantage of having to transmit a PDCCH to indicate the TDD UL-DL configuration for explicit PDCCH signaling, the latter approach is clearly preferable.

Observation 3: For indicating the direction of a flexible subframe, explicit PDCCH signaling is preferable to implicit PDCCH signaling in a number of metrics including DL/UL throughput, UL control overhead, and UE power consumption.  
5 Conclusions
This contribution considered attributes and trade-offs of signaling methods for adaptation of a TDD UL-DL configuration. UE-common PDCCH allows for flexible adaptation of a reconfiguration period according to the operating characteristics of a network and enables the throughput gains afforded by eIMTA with minimal cost and specification impact.
Proposal: UE-common PDCCH is used to signal a new TDD UL-DL configuration.
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