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1. Introduction

One aspect related to the signalling mechanism in TDD eIMTA is the data transmission scheme, which has not been extensively discussed in the previous RAN1 meetings. In this contribution, we focus on the HARQ timing issue in TDD eIMTA. 
2. HARQ timing

Within the TDD-eIMTA, once PDSCH or PUSCH is transmitted, a timing protocol should be in place to allow the ACK/NACK communication between eNB and UE. Given the flexibility of transmission direction in some subframes, this timing protocol should be able to avoid ACK/NACK falling into the subframe of conflicting transmission direction. Two HARQ timing protocols are considered in this contribution: 
Option 1: HARQ timing based on semi-static reference TDD configuration. In this option, two reference configurations are semi-statically configured to UE for HARQ timing purpose and, once configured, invariant regardless how TDD UL/DL allocation changes; 
Option 2: HARQ timing dynamically adjusted based on the latest reconfigured TDD UL/DL allocation. 
2.1. HARQ timing based on semi-static reference TDD configuration
Table 1 LTE-TDD UL/DL configurations
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


The Rel-8/9/10/11 LTE-TDD supports seven UL/DL configurations as listed in Table 1. Assume D(i) and U(i) as the set of all DL and UL transmission intervals per frame for UL/DL configuration i. If we use D(i)
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D(j) to represent D(i) is the subset of D(j), and U(i)
[image: image2.wmf]Ì

U(j) to represent U(i) is the subset of U(j), we can have the subset relation chart as in Figure 1. 

[image: image3.emf]D(5) D(4)

D(0) D(6) D(1)

D(3)

D(2)

  

 

     
[image: image4.emf]U(5) U(4)

U(0) U(6) U(1)

U(3)

U(2)


Figure 1 DL/UL subframe subset relation
Besides the TDD UL/DL configuration in SIB-1, each UE is semi-statically configured with two reference TDD UL/DL configurations, A and B, satisfying D(A) is a subset of D(B). Assume the eNB can assign any TDD UL/DL configuration m to the UE as long as D(A)
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D(m)
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D(B) or equivalently U(B)
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U(m)
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U(A). Such assignment can be either transparent or non-transparent to the UE.  
· For DL-HARQ timing
UE follows the legacy PDSCH-to-ACK timing defined for TDD UL/DL configuration B. Because of D(m)
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D(B), every subframe containing PDSCH is a DL subframe in TDD UL/DL configuration B; and because of U(B)
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U(m), the ACK/NACK following TDD UL/DL configuration B timing must fall into UL subframe of reconfigured TDD configuration m. 
· For UL-HARQ timing
· UE follows the legacy PUSCH-to-PHICH timing defined for TDD UL/DL configuration A. Because of U(m)
[image: image11.wmf]Ì

U(A), every subframe containing PUSCH is a UL subframe in TDD UL/DL configuration A; and because of D(A)
[image: image12.wmf]Ì

D(m), the PHICH following TDD UL/DL configuration A timing must fall into DL subframe of reconfigured TDD configuration m.
· UE follows the legacy DCI/PHICH-to-PUSCH timing defined for TDD UL/DL configuration A. The reason not to follow configuration B is to allow more flexible subframes to be used as UL. This can cause certain PUSCH transmitted in a subframe marked as DL in TDD configuration m. It is eNB’s responsibility to avoid any transmission conflict in this kind of circumstance.
The main advantage of semi-static configuration of HARQ timing is to provide a simple solution and meanwhile to avoid the potential misunderstanding between eNB and UE regarding to HARQ timing when TDD allocation changes. This semi-static configuration method and associated HARQ timing logic remain valid regardless of time scale and signalling mechanism used for TDD allocation reconfiguration. Another benefit of the semi-static configuration with two reference TDD configurations is the capability to control the scalability of dynamic TDD allocation reconfiguration. For the maximum flexibility of TDD allocation reconfiguration, eNB can set A to TDD configuration #0 and meanwhile set B to TDD configuration #5, so that any of seven TDD configurations can be possibly chosen. On the other hand, A=B would equivalently disable the dynamic reconfiguration.   
The main disadvantage of the semi-static configuration mentioned above is that the capability of TDD allocation reconfiguration might be limited by those two reference TDD configurations. Once the two reference TDD configurations are signalled to the UE, certain TDD UL/DL configurations might not be available for choice of reconfiguration. However, such limitation could be a matter of implementation issue, instead of standardized restriction. Besides, because the reference configuration for DL-HARQ timing is generally a downlink heavier UL/DL configuration and the PUCCH resources for HARQ-ACK feedback are proportional to the number of DL subframes associated with an UL subframe if HARQ-ACK bundling or multiplexing is configured, the PUCCH overhead issue should be taken into account. Nevertheless, this issue may not be serious if PUCCH format 3 is configured. 
2.2. HARQ timing dynamically adjusted with TDD allocation reconfiguration
In this HARQ timing implementation, every time the UE receives a new TDD allocation reconfiguration, no matter whether the reconfiguration is applied to one subframe or the complete radio frame, the UE also obtains a reference HARQ timing on PDSCH/PUSCH transmission. Such reference HARQ timing can be either derived from new TDD UL/DL configuration, or explicitly signalled.  Note that this contribution focuses on reference HARQ timing that is used only at the transition period.
· HARQ timing derived from latest TDD UL/DL configurations
If the TDD UL/DL reconfiguration is explicitly and reliably known on UE side, such information can be used by UE to derive the DL/UL HARQ timing. The typical derivation is the function of two TDD UL/DL configurations that are respectively before and after the reconfiguration. Special care should be taken to handle the HARQ procedure running across two different TDD UL/DL configurations [1].  The reference UL/DL configurations defined for Rel-11 inter-band TDD CA is a good simple example in which the HARQ timing between two different TDD UL/DL configurations is mainly based on two tables for DL and UL respectively.  
The main issue with this method is the potential mismatched understanding between eNB and UE regarding to the instantaneous TDD UL/DL configuration, which can be caused by:

· Un-acknowledged configuration signalling is lost or incorrectly received by the UE; or
· Acknowledged configuration signalling is correctly received by the UE, but the acknowledgement (if required as part of protocol) is not correctly detected by eNB. 

The more frequently the TDD UL/DL configuration changes, the more often the misunderstanding could occur between eNB and UE regarding to HARQ timing. Therefore, higher reliability of signalling mechanism is a must for this solution.
· HARQ timing explicitly signalled with scheduling grant

The HARQ timing can be set up on a per-HARQ-process basis. The setup signalling can be carried within scheduling grant. In order to maintain the same DCI blind decoding complexity as in Rel-11, the HARQ timing setup signalling should not result in additional DCI bits, but reuse the existing DCI bits. 
The main challenge of this solution is that the number of available reused DCI bits may not be always enough to support the HARQ timing indication. Moreover, even with the existing DCI bit reuse, per-HARQ-process configuration is still expected more complex than the timing determination based on configured UL/DL allocation.  
Between the above two solutions to dynamically adjust HARQ timings, we prefer the first one, which has the HARQ timing derived from TDD UL/DL configurations. Nevertheless, more details need further study for this particular solution, for example, the issue that is outlined below. 
Once the radio frame is changed into a new TDD UL/DL configuration, some UL HARQ processes may need to be terminated. Figure 2 illustrates one such example, in which UL/DL configuration #1 is dynamically reconfigured to UL/DL configuration #3 and UL/DL configuration #6 is used as the UL reference configuration for UL HARQ timing determination. As shown in Figure 2, the UL process labelled with 2 and 3 have to be terminated due to the absence of UL subframe or collision with another UL process.
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Figure 2 UL HARQ process for reconfiguration for configuration 1 to configuration 3.
The main advantage of the dynamically adjusted HARQ timing is that it puts no capability limitation on TDD allocation reconfiguration. Another benefit is that the average RTT can be shorter than the RTT with semi-static reference configuration. However, whether the shorter RRT can bring performance gain in real system needs further evaluations. At last, because the HARQ-ACK feedback is no longer bound to the fixed UL subframes, the PUCCH resource overhead issue can be alleviated and better HARQ-ACK detection performance is expected.

The main disadvantage of the dynamically adjusted HARQ timing is that the incorrect reception of UL/DL reconfiguration signalling can result in catastrophic system operation issue. Secondly, this solution needs a case-by-case optimization, at the cost of more standardization efforts and likely higher implementation complexity. In addition, only explicit signalling but not implicit signalling can work within this solution. Because the signalling mechanism for UL/DL reconfiguration has not been decided yet, the discussion on this particular solution would put the whole HARQ timing topic on hold.  
3. Conclusions
In this contribution, two HARQ timing implementations are analyzed. 

· Implementation-1: TDD-eIMTA enabled UE is semi-statically configured with two reference TDD UL/DL configurations, A and B, satisfying set of DL subframes of A is a subset of DL subframes of B, or equivalently set of UL subframes of B is a subset of UL subframes of A, 
· In DL HARQ process, UE follows PDSCH-to-ACK timing defined for reference TDD UL/DL configuration B. 
· In UL HARQ process, UE follows DCI/PHICH-to-PUSCH timing and PUSCH-to-PHICH timing defined for reference TDD UL/DL configuration A.
· Implementation-2:  HARQ timing across the reconfiguration transition boundary is the function of the two TDD UL/DL configurations that are before and after the transition boundary. Special care should be taken to handle the HARQ procedure timing in this case.
We suggest to further study the above two HARQ timing implementations.   
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Appendix
Table 2 Simulation Assumptions 
	Parameters
	Assumptions

	Pico deployment
	single cell , with a radius of 40 m

	Pico antenna gain
	5 dBi

	Pico antenna pattern
	2D, Omni-directional

	Pico noise figure
	13 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	UE power class
	23 dBm (200 mW)

	Minimum distance between UE and pico
	10 m

	Number of UEs per pico cell
	10

	Shadowing standard deviation
	3dB for LOS and 4dB for NLOS

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Maximum pico TX power
	30 dBm

	Traffic model
	· FTP model 1 in TR36.814

· Independent traffic modelling for DL and UL per UE

· Fixed size of 0.5Mbytes as in TR36.814

· Poisson distributed with arrival rate λ. The arriving rate for DL is 0.5. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate. 

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or

TDD UL-DL reconfiguration every 10ms, 200ms, 640ms

	HARQ modelling and HARQ retransmission
	Not modelled

	eNB antenna configuration
	1 Tx, 2 Rx

	UE antenna configuration
	1 Tx, 2 Rx

	System bandwidth
	10 MHz

	Link adaptation
	MCS selection with 10% BLER, assuming ideal CSI

If the highest MCS is selected, the BLER may be less than 10%, which shall be modelled

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

	Small scale fading
	Not modelled

	Carrier frequency
	2 GHz

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is modelled according to 36.814 (i.e. 8s for 0.5MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

	UE UL Power control
	Po: -76dBm, alpha: 0.8
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