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1 Introduction

This contribution presents comparison of signaling methods for TDD UL-DL reconfiguration. During the study item phase, several signaling method candidates such as L1 based, RRC based, SIB based and MAC header based scheme were suggested with supporting different layer of signaling and different time-scale of adaptation. The suggest methods should also impact the decoding latency, propagation delay, transparency to legacy UEs and overhead. This contribution compares each candidate in various aspects and proposes the promising method for dynamic traffic adaptation.
2 Signaling methods for dynamic TDD UL-DL configuration
Based on study item conclusions [1], we can summarize the observations of dynamic TDD UL-DL configuration 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 
The needs and benefits of using traffic adaptation were already agreed. Considering asymmetric DL/UL traffic ratio and bursty traffic load in the real-world situation and the deployment scenario of small cell, fast traffic adaptation with changing TDD UL-DL configuration should be more useful for utilizing available resources and energy saving of small cells. Along with studies in [1], we discussed further issues such as decoding latency, minimum period of reconfiguration indication, overhead and propagation delay. 
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. Detail operation of each method was discussed in [1][2][3]. Table 1 shows the summary of comparison. All candidates impact the HARQ timing and RRM/RLM measurement and not discussed in this section
Comparison for the signaling methods, we will use the following terms in the discussion:
· UE reconfiguration latency refers to the time duration from the start of decoding 1st PDCCH of reconfiguration to the end of parsing reconfiguration information at UE perspective
· Broadcast latency refers to the time duration for transmitting the reconfiguration indication to all UEs in a cell

· Overhead refers to the approximate amount of resources used for transmitting the indication to all UEs in a cell

SIB update method

· UE reconfiguration latency: To detect notification of SIB update and understanding of TDD UL-DL reconfiguration, UE needs the longest delay 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)
· For time-scale of adaptation: Needs at least 320msec with ETWS-like SIB update mechanism [1]
· Legacy UE impact: Impact on legacy UE with SIB1 update approach / No impact with new SIB for adaptation
· Overhead and broadcast latency: eNB need to transmit multiple paging channels to indicate all UEs in a cell, paging channel overhead and propagation delay will be increased in proportional to the number of UEs in a cell
RRC signaling method

· UE reconfiguration latency: Need to decode one PDCCH and one PDSCH for receiving RRC message
· For time-scale of adaptation: Depends on network situation but faster than SIB based method
· Legacy UE impact: Transparent to legacy UE, but available resource for legacy data scheduling will be reduced
· Overhead and broadcast latency: Signaling overhead is high with dedicated RRC message and need long propagation delay in proportional to the number of UEs in cell

Common L1 signaling method

· UE reconfiguration latency: One control channel can be used for indicating the updated TDD UL-DL configuration for all Rel.12 UEs with minimum latency
· For time-scale of adaptation: Shortest time-scale for reconfiguration among candidates (need a few msec)
· Legacy UE impact: Transparent to legacy UE , but may reduce CSS with frequent reconfiguration indication
· Overhead and broadcast latency: Low signaling overhead and shortest propagation delay. Noted that ambiguity on TDD UL-DL configuration between eNB and UE does not exist[1]
Dedicated L1 signaling method

· UE reconfiguration latency: Same as common L1 signaling method
· For time-scale of adaptation: Possible to have fast adaptation for a single UE, but can cause reconfiguration delay due to lack of DSS 
· Legacy UE impact: Transparent to legacy UE , but reduce resource of the dedicated control region 
· Overhead and broadcast latency: may cause some overhead in control region for indicating to UEs in a cell
MAC header method

· UE reconfiguration latency: Same as RRC signaling method
· For time-scale of adaptation: Faster than RRC signaling but slower than L1 based

· Legacy UE impact, overhead and broadcast latency: Similar as RRC signaling method

Based on discussion of each candidate, L1 signaling has more benefits in decoding latency, propagation delay, ovehead as well as traffic adaptation speed. We conclude the following observations and proposal for signaling method of traffic adaptation.
Observations

· 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
Proposal

· Take L1 based signaling as a baseline method for the 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
	~ a few msec
	~ a few msec
	~less than 10msec

	Transparency to legacy UE
	No/Yes
	Yes
	Yes
	Yes
	Yes

	Overhead
	Medium
	High
	Low
	Medium
(High in control region)
	High

	Broadcast latency
	Medium
	Medium
	short
	Medium
	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 Conclusion
This contribution presented comparison of signaling method that proposed for traffic adaptation. Concerning the number of decoding channels for information parsing, time-scale of reconfiguration, overhead and propagation delay of reconfiguration order, L1 based signaling has most desirable option for achieving benefits of TDD eIMTA.
Proposal

· Take L1 based signaling as a baseline method for the TDD UL-DL reconfiguration. 
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