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Introduction

In 3GPP RAN1#61bis, it has been agreed that: for both FDD and TDD

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

However, for explicit UL DTX feedback, it’s still FFS. In this paper, we focus on LTE-A TDD system, and present our views on this topic.
Discussion
So-called “explicit UL DTX feedback” here means that UE conveys explicit information to eNB to tell that PDCCH missing exists or not among the scheduled assignment(s). From eNB point of view, such information is beneficial to distinguish following two cases:

· PDCCH missing exists, which means that UE has no chance to receive/buffer accompanied PDSCH transmission.

· PDCCH missing does not exist, which means that UE could receive/buffer accompanied PDSCH transmission safely, and the PDSCH decoding result could be ACK or NAK.

Hence, explicit UL DTX feedback could make some aggressive transmission strategies (e.g. IR: incremental Redundancy) at eNB side to be possible, which may boost DL throughput. In addition, explicit UL DTX feedback could also make PDCCH outer loop adjustment to be possible, which is beneficial to guarantee DL coverage and CCE usage efficiency.

Currently, explicit UL DTX feedback is getting some supports, e.g. in [1]. And according to our study in [2], significant robustness gain could be obtained for poor CQI accuracy cases via explicit UL DTX feedback.
Explicit UL DTX Feedback in LTE-A TDD

For explicit UL DTX feedback, the main challenge comes from significant increased UL overhead, especially in LTE-A TDD system.
Assuming UE reserves 3 states (ACK/NAK/DTX) for each assignment, as shown in Table 1, explicit UL DTX feedback brings 60% UL overhead increment (assuming ACK/NAK spatial bundling is performed), which is undesirable from UL resource consumption and UL coverage point of view.
Table 1 UL ACK/NAK overhead in LTE-A TDD

 (Assumption: 5 CCs in frequency domain, 4DL:1UL in time domain, 2 CWs in spatial domain)
	
	with ACK/NAK spatial bundling

	without explicit DTX
	up to 20 ACK/NAK bits

	with explicit DTX
	up to 32 ACK/NAK bits


Hence, in our opinion, to support explicit UL DTX feedback in LTE-A TDD, further UL overhead compression is desirable.
As mentioned in [2], to find a good balance between potential gain and UL overhead, for explicit DTX support, one way is to reserve limited bit(s) for DTX bundling purpose, instead of reserving DTX state for each assignment. In such a way, thanks to DAI in TDD system, UE could distinguish that PDCCH missing exists or not among the assignments, and convey this information via DTX bundling bit(s), which is helpful for eNB to obtain potential gain. It is also noted that, in comparison with the case without explicit DTX feedback, the UL overhead increment in such a way is very limited.
In the following, we give our detailed considerations about such a way, including both potential schemes and related simulation results.
DTX Bundling in LTE-A TDD

For explicit UL DTX feedback, Table 2 gives UL overhead comparison for following two ways:

· 3-state FB: 3 states (ACK/NAK/DTX) are reserved for each assignment.

· DTX bundling: 2 states (ACK/NAK) for each assignment + K-bit for DTX bundling purpose.

In Table 2, N is the number of configured/activated CCs in frequency domain, M is DL/UL ratio in time domain, and K is set to be 2. 
It’s observed that, in comparison with DTX bundling, 3-state FB leads to 33% overhead increment in average. And for extremely DL-heavy case, UL overhead increment for 3-state FB is more than 45%.
Table 2 UL Overhead Comparison: 3-state FB v.s. DTX bundling
(Assumption: ACK/NAK spatial bundling is performed)
	3-State FB 
	
	DTX bundling 

	Overhead
	M=1
	M=2
	M=3
	M=4
	
	Overhead
	M=1
	M=2
	M=3
	M=4

	N=2
	3
	7
	10
	13
	
	N=2
	4
	6
	8
	10

	N=3
	5
	10
	15
	20
	
	N=3
	5
	8
	11
	14

	N=4
	7
	13
	20
	26
	
	N=4
	6
	10
	14
	18

	N=5
	8
	16
	24
	32
	
	N=5
	7
	12
	17
	22


Assume 2-bit are used for DTX bundling purpose, which is effective assuming following DAI encoding:
· Several CCs are formed a “DAI window” in a pre-defined manner. And DAI is used to indicate the total number of scheduled PDCCHs within corresponding “DAI window”.

Then, as shown in Table 3, 2-bit used for DTX bundling purpose could be used to indicate:

· PDCCH missing exists or not among observed DAI window(s), AND 
· The number of observed DAI windows at UE side.
Table 3 Encoding of 2-bit for DTX Bundling Purpose
	States of 2-bit
	DTX feedback & Observed DAI windows (X)

	(0,0)
	With PDCCH missing, any X value.

	(0,1)
	Without PDCCH missing, X=1 or 4

	(1,0)
	Without PDCCH missing, X=2

	(1,1)
	Without PDCCH missing, X=3


One example of such a way is shown in Figure 1:

· At UE side: Via DAI, UE could check whether PDCCH missing exists or not among all observed DAI windows. And feedback related information via 2-bit.

· At eNB side: eNB could check whether the number of DAI windows observed by UE is aligned to the number of DAI windows scheduled by eNB:

· If they’re same, eNB could know the explicit DTX feedback from UE is valid.

· Otherwise, eNB could know PDCCH missing exists.

· So, there is no ambiguity between eNB and UE. In addition, no additional scheduling constraint will be introduced in such a way.
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Figure 1 Example of explicit DTX feedback via 2-bit.
Simulation
According to our study in [2], explicit DTX feedback could provide potential robustness gain, which is mainly visible for poor CQI accuracy cases. Then the purpose of following simulation is to evaluate the real throughput difference between 3-state FB and DTX bundling way.

For simulation scenario, TDD configuration 2 (i.e. 4DL:1UL) is applied in time domain, 2-5 CCs per UE is assumed in CC domain, and these CCs are dynamic scheduled by the eNB in a per-subframe manner. Spatial ACK/NAK bundling is assumed here.
Per-CC CQI report is simulated with CQI report latency assumption. CQI error is set as 5dB, which is used to show an extreme case with poor CQI accuracy.

Transmission scheme is based on dual stream with rank adaption (2x2 MIMO). Cross-CC scheduling is not considered here to simplify the evaluation. 
PDCCH error probability is set as 5%. DAI is encoded as the total number of scheduled PDCCHs within corresponding DAI window. And the detailed simulation assumption could be found in Appendix.

Table 4 and Table 5 show the throughput gain of explicit DTX support (including both DTX bundling and 3-state FB), in comparison with without DTX feedback cases.

Table 4 Throughput Gain of Explicit DTX feedback (compared to w/o DTX FB cases), Cell Average
	The number of configured CCs
	5 CCs
	4 CCs
	3 CCs
	2 CCs

	DTX Bundling
	9.7%
	11.1%
	12.8%
	14.8%

	3-State FB
	18.6%
	18.6%
	18.7%
	19%


Table 5 Throughput Gain of Explicit DTX feedback (compared to w/o DTX FB cases), Cell Edge
	The number of configured CCs
	5 CCs
	4 CCs
	3 CCs
	2 CCs

	DTX Bundling
	6.7%
	7%
	9%
	10.5%

	3-State FB
	13.3%
	12%
	13.6%
	13.4%


Table 6 and Table 7 show the ratio of the throughputs provided by DTX bundling and 3-state FB (TP_DTX_Bundling/ TP_3_State_FB).

Table 6 Ratio of the Throughputs Provided by DTX Bundling and 3-State FB, Cell Average
	The number of configured CCs
	5 CCs
	4 CCs
	3 CCs
	2 CCs

	TP_DTX_Bundling/ TP_3_State_FB
	92.4%
	93.6%
	95%
	96.5%


Table 7 Ratio of the Throughputs Provided by DTX Bundling and 3-State FB, Cell Edge
	The number of configured CCs
	5 CCs
	4 CCs
	3 CCs
	2 CCs

	TP_DTX_Bundling/ TP_3_State_FB
	94.5%
	95.5%
	96%
	97.5%


According to the simulation results:
· In comparison with w/o explicit DTX feedback cases, DTX bundling provides significant throughput gain with very low UL overhead increment.
· In comparison with 3-state FB, DTX bundling provides most of throughput gain. And the throughput difference provided by two schemes decreases with decreased number of configured CCs.
Conclusions
In this paper, we discussed explicit UL DTX feedback in LTE-A TDD, and provided our considerations about this topic. Our study and simulation results showed that DTX bundling is an efficient way to support explicit DTX feedback with very limited UL overhead increment.

Proposal: In LTE-A TDD, DTX bundling bits are adopted to support explicit UL DTX feedback, instead of reserving DTX state for each assignment.
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Appendix
Simulation Assumptions

	TDD configuration 
	UL/DL Configuration 2 (DSUDD DSUDD)

	CC configuration 
	All UEs are statically configured Nx5MHz. The number of scheduled CCs/per UE/per Subframe is dynamically determined by eNB. N=2, 3, 4, 5.

	CC correlation 
	Independent CCs 

	Simulation scenario 
	3GPP Macro case 1

	Fast fading model 
	TU-20

	Transmission scheme 
	2x2 MIMO, dual stream with rank adaptation 

	A/N spatial bundling 
	Enabled 

	UE-specific bundling
	Based on Geometry

	Packet Scheduler 
	PF 

	CQI feedback 
	Full reporting; 5dB error for both measurement and quantification; 2ms delay, 5ms period; Per-CC CQI report 

	First Tx BLER target 
	10%

	The number of Ues per sector
	10

	PDCCH error model
	Fixed BLER = 5%

	DAI encoding
	The total number of scheduled PDCCHs within corresponding “DAI window”.

	PDCCH Tx
	w/o cross-CC scheduling 
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