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1 Introduction
Signaling aspects for dynamic TDD UL-DL reconfiguration were extensively discussed in RAN1#72bis. It was agreed that:

· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)
· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 
· PHY signaling (not including PBCH/MIB signaling), or 

· MAC signaling

· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe
In this contribution, we provide a comparison of the two alternatives for TDD UL-DL reconfiguration signaling and present our view on the solutions currently under discussion in RAN1. 
2  Discussion 
2.1 Signaling mechanism
The MAC signaling mechanism utilizes MAC Control Element (CE) to update the UL-DL reconfiguration on the time scale in the order of tens of milliseconds. Alternatively, the UL-DL reconfiguration can be done by means of PHY signaling on the time scale of ten million seconds or even less. The MAC signaling solution may have following problems that need to be further discussed and properly resolved: ambiguity issue, packet throughput loss, specification efforts and robustness. Firstly, if MAC signaling is adopted, reconfiguration ambiguity problem occurs during the transient period due to different understanding on UL-DL configuration between eNB and UE, which potentially leads to different HARQ timelines used by eNB and UE and thus results in erroneous HARQ-ACK decoding and behavior. The RLM/RRM measurements may also be impacted, if is decided that flexible subframes are used for such measurements. Note that this ambiguity period can be extended to several tens of milliseconds due to subsequent HARQ operation, provided that the PDSCH with MAC CE is not successfully decoded in the initial transmission. Secondly, additional RAN2 specification effort to define a new MAC CE and the related signaling procedure are obviously required. Moreover, indicating the UL-DL configuration in this way wastes radio resources during periods when no data is transferred for one particular UE. Even though additional RAN1 standardization efforts are still required, the PHY signaling design may become even simpler due to lack of the ambiguity issue as well as benefit from efficient resource utilization. 
Since improved packet throughput performance is one of the main performance metrics to support flexible UL-DL reconfiguration, the choice of signaling mechanism should naturally consider this metric. The packet throughput performance was assessed through system level simulation. In Figure 1, the DL and UL average packet throughput is plotted versus offered load based on the simulation assumptions summarized in Appendix of this document. Various packet sizes have been considered to investigate the performance difference and estimate system sensitivity to the file size. It can be seen that physical-layer solution outperforms MAC CE method for both two cases (i.e. 0.5 Mbyte and 0.1 Mbyte) as expected, yielding an approximately 8%-16.7% increase in the average DL packet throughput at the typical low and medium loading scenarios, due to the fast UL-DL reconfiguration provided by PHY signaling mechanism. The difference in UL packet throughput performance is negligible since the UL-DL configuration 0 is used when there is no traffic in the serving cell.
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Figure 1: DL and UL cell average packet throughput versus offered load.
While different evaluation yielded different absolute throughput performance gains from 5% ~ 16.7% as shown in the past evaluation papers [1][2], it was commonly observed that faster TDD UL-DL reconfiguration time scale provides more or less larger benefits than slower TDD UL-DL reconfiguration time scale. 
Table 1 summarizes the pros and cons of two schemes according to above analysis: 
Table 1: Comparison for MAC signaling and PHY signaling 
	Method
	Ambiguity issue
	Packet throughput / Spectral efficiency
	Specification effort

	MAC Signaling
	Yes
	Lower
	Same (in RAN2)

	PHY Signaling
	None
	Higher
	Same or less (in RAN1)


Based on the above discussion, we conclude that MAC CE based solution requires more efforts to address the identified technical issues and PHY signaling can provide additional throughput performance benefits, therefore we propose:
Proposal 1: Physical layer signaling is adopted for UL-DL reconfiguration in TDD system.
Several alternatives can be used to implement PHY signaling method for UL-DL reconfiguration, either implicit or explicit signaling. In the following section, we provide comparative analysis and highlight challenges of these two approaches. 
· Implicit signaling. In this method, one UL-DL configuration called UL reference configuration is configured either by higher layer signaling or SIB1 message, which is used for PUSCH scheduling, and additionally the second UL-DL configuration is configured by higher layer for PDSCH scheduling. The default transmission direction of a flexible subframe should be regarded as DL, which implies that UE is required to monitor PDCCH/EDPCCH in every flexible subframe unless UE is explicitly instructed to transmit in UL (i.e. PUSCH transmission triggered either by UL grant or associated PHICH according to UL reference configuration). 
The main advantage of this method is the absence of additional PDCCH overhead since no exclusive DCI is required to notify UEs of a change of UL-DL configuration. Also, no any impact on RRM/RLM/CSI measurement of legacy UE was observed since the flexible subframes would be treated as UL subframe or MBSFN subframe. However the following aspects should be analyzed for this method:
· CSI measurement. First, there is an uncertainty in UE CSI measurement at the flexible subframes, since the actual transmission direction may change however UE may not be aware about that. That may cause CSI information mismatch at the UE side, since eNodeB may schedule UL transmission of other UEs attached to the cell and it can cause additional interference. Note that in general it is possible to utilize the CSI measurements from regular subframes only in order to avoid this issue; however it may cause some CQI level underestimation at the DL flexible subframes. This effect should be further studied by RAN1 WG.
· Power consumption. As mentioned above, this method requires UE to carry out a maximum of 60 PDCCH/ EPDCCH blind decoding attempts in every flexible subframe for each serving cell unless explicitly instructed to transmit in UL. For small system bandwidths, the computational load would be reasonable, but for large system bandwidth with a distributed EPDCCH configuration, it would become a significant burden, leading to increased UE power consumption, especially if aggregation of several CCs is applied.
· False detection problem. Moreover, UE may falsely detect an UL grant for a flexible subframe which has been configured as DL subframe, causing UL-DL (UE-to-UE) interference. The severity of the interference depends on the proximity of the interferer to the victim UEs. The false CRC pass probability for a single UE and a single blind decoding (BD) is 
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, where K is the CRC length and equal to 16 in LTE system. If a UE performs M BDs and there are L UEs receiving weak signals, the system level probability for a false CRC pass for at least one UE is approximately:
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.Assuming the expected number of UEs in the RRC-Connected state is 10 and additional validation of whether the RB assignment is a multiple of 2, 3 and 5 and whether the padding bit is set to 0 etc., the false detection would be ~0.2%. This false detection probability might be increased if PUSCH transmission on flexible subframe can be triggered by PHICH as in previous release.

· Others. As analyzed in [3], this method may lead to unnecessary PUCCH resource overbooking, since when EPDCCH is used for PDSCH scheduling in flexible subframes, the PUCCH resources accumulated over all potential DL subframes in a bundling window. Moreover, relatively minor specification effort might be required to modify existing DRX operations taking into account transmission direction of flexible subframes is sometimes uncertain at UE side.
· Explicit signaling. The alternative approach is to define a new DCI format to indicate UL-DL configuration in an explicit manner. Two different types of explicit signaling are proposed for the UL-DL configuration indication: either a cell-specific common DCI transmitted in the common search space (CSS), or a dedicated DCI for one specific UE. 
· Common DCI approach. The main advantage of common DCI signaling is that with small control overhead all UEs can obtain information about UL-DL reconfiguration. The concerns include the reliability due to the absence of HARQ-ACK feedback and the power consumption at UE side. These potential problems must be embedded into the design of common DCI for UL-DL configuration indication, achieving a target of timely UL-DL indication as well a low impact on UE battery life. In order to avoid the additional UE power consumption, the common DCI format can be designed to be always same size as one of existing DCI formats in CSS by adding padding bits to avoid extra BDs attempts from new DCI format size. For example, the DCI format 1C is an attractive candidate due to the smallest size advantageous for reliability of reception. Using 3-bits field in this DCI is enough to indicate one of seven UL-DL configurations. Moreover, a new RNTI or the existing SI-RNTI can be (re)-used to scramble the CRC bits of common DCI. The new DCI can be transmitted in one single DL subframe only (e.g. subframe 0) or a subset of fixed DL subframes in a radio frame to further reduce power consumption in the UE receiver. It should be noted that using UE-specific higher layer signaling for activation/deactivation of dynamic UL-DL adaptation for Rel.12 and beyond UEs can be further considered and recommended to address the power consumption concern [4]. 
· Dedicated DCI approach. This method is also advantageous in particular when the number of UEs that benefit from dynamic UL-DL reconfiguration is small.  Furthermore, a HARQ-ACK mechanism can be implemented to confirm the reception status of dedicated DCI. In general, the advantages and disadvantages of common DCI solution is revised for dedicated DCI solution. Therefore, a tradeoff between DCI stability and notification efficiency can be further considered for the final decision. 
In views of these factors, explicit signalling method is slightly preferred for enabling UL-DL reconfiguration and the final choice between common and dedicated DCI is FFS. 

2.2 HARQ timing consideration
The HARQ timing is a critical component of the LTE system operation. For legacy UEs, the DL and UL HARQ timelines are predetermined once the UE has acquired its semi-static TDD UL-DL configuration broadcasted in SIB1. In order to support dynamic UL-DL reconfiguration, the specification changes are required to modify HARQ operation of the LTE Rel.12 UEs with activated dynamic UL-DL reconfiguration capability. Solutions addressing the HARQ control feedback have to be considered for the case when the UL-DL configurations is changed in two consecutive subframes, which is commonly observed for all available signaling mechanism (e.g. MAC and PHY signaling). Figure 2 illustrates an example of the HARQ-ACK timing issue. For subframe #9 in radio frame #n, the HARQ-ACK feedback should be transmitted at subframe #3 according to the HARQ-ACK timeline of TDD UL-DL configuration 1. However, subframe #3 is changed to DL in the next radio frame so that reusing the HARQ-ACK timeline of radio frame #n (i.e. UL-DL configuration 1) is not possible. Note that the HARQ timing modification may require substantial specification and implementation efforts and thus solutions that reuse existing HARQ timelines are preferable. One straightforward approach is to configure two UL-DL reference configurations by UE-specific higher-layer signaling, so-called DL reference configuration and UL reference configuration, which are used for HARQ-ACK associated with PDSCH and PUSCH. This design has the advantage of bringing the capability of eNB to semi-statically concentrate the HARQ-ACK in the static uplink subframe to guarantee the PUCCH reliability. 
Proposal 2: No new HARQ-ACK timing is introduced for UL-DL reconfiguration supporting. 

Proposal 3: HARQ-ACK timing follows a DL reference UL-DL configuration for PDSCH and a UL reference UL-DL configuration for PUSCH. 

[image: image5.emf]D S U D D S D D S D S

TDD Configuration 1 

(radio frame n, 1 radio frame = 10ms)

TDD Configuration 2, 

(radio frame n+1)

U U U D U U

DL HARQ Timing of TDD configuration 1

DL HARQ Timing  of  Reference TDD configuration 2

…... …...

D D D

Subframe index

#0 #1

#2

#3 #4 #5 #6 #7 #8 #9 #0 #1

#2

#3 #4 #5 #6 #7 #8 #9


Figure 2: Example of HARQ-ACK feedback issue in a eIMTA scenario
3 Conclusions

In this contribution we discussed several solutions to support the UL-DL reconfiguration signaling and HARQ-ACK timing. Based on the discussion and analysis, we have following proposals: 
Proposal 1: Physical layer signaling is adopted for UL-DL reconfiguration in TDD system.
Proposal 2: No new HARQ-ACK timing is introduced for UL-DL reconfiguration supporting. 

Proposal 3: HARQ-ACK timing follows a DL reference UL-DL configuration for PDSCH and a UL reference UL-DL configuration for PUSCH. 
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Appendix – System Level Simulation Assumptions

Table 1. System level simulation assumptions for Pico-Pico scenario.
	Simulation Scenario
	Co-channel outdoor Pico-outdoor Pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m; [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout [36.942]. Note that macro cells are deployed but not activated 

	Outdoor Pico deployment
	40m radius, random deployment; [36.814]

	Number of Pico cells per sector
	4

	Min. distance between outdoor Pico cells
	40m; [36.814]

	Min. distance between UE and outdoor Pico
	10m; [36.814]

	Outdoor Pico antenna pattern
	2D, Omni-directional; [36.814]

	Outdoor Pico antenna gain
	5 dBi; [36.814]

	UE antenna gain
	0 dBi; [36.942]

	Outdoor Pico noise figure
	13 dB; [36.104]

	UE noise figure
	9 dB; [36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW); [36.814]

	Number of UEs per Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Shadowing standard deviation between outdoor Pico cells
	6dB; [36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5; [36.814]

	Pathloss model
	

	Outdoor Pico to outdoor Pico
	LOS: 

if R<2/3 km, 

    PL(R)=98.4+20log10(R) [ free space loss]
else

    PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]
NLOS: 

PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Outdoor Pico to UE
	PL LOS(R)=103.8+20.9log10(R)    
PL NLOS(R)=145.4+37.5log10(R) 
For 2GHz, R in km 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 Pico-UE]

	Penetration loss
	0 dB (Not modeled)

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Evaluation metrics
	DL and UL metrics collected separately, following metrics can be used

· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

	Time scale for reconfiguration
	10ms

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations was used for adaptation. The traffic adaptation algorithm was based on the estimation of the required number of the DL and UL subframes by taking into account the amount of data in DL/UL user queues and UE throughput capabilities.

	Link adaptation
	MCS selection with 10% BLER
If the highest MCS is selected, the BLER may be less than 10%

	Outdoor Pico DL power control
	According to analyzed interference management scheme

	UE UL Power control
	Open Loop Power Control P0 = -76 dBm, α = 0.8 on regular subframes

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). 

	Receiver type
	MMSE receiver

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS; [ ITU-R M.2135 UMi]

	Traffic model
	Same traffic generation methodology and arriving rate as agreed in isolated cell case [R1-120080], independent traffic generation per cell.  Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL # 1 with ratio of DL and UL arrival rate = 2/1

	HARQ modeling
	HARQ is modeled in combination with RLC Acknowledged Mode. Maximum 4 HARQ transmissions are used.

	HARQ retransmission scheme
	CC
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