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1. Introduction

In RAN1 #74bis meeting, some agreements and working assumption were reached for eIMTA HARQ design.
· Agreement on DL:
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}

· The following behaviour is agreed:

· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.

· FFS whether to capture the above into specifications

· Working assumption on UL: For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

In addition to HARQ timing, there are still several remaining issues for eIMTA HARQ design, e.g., UL synchronous HARQ, soft buffer handling, PUCCH format and resource collision, etc. In this contribution, we discuss the remaining issues for eIMTA HARQ, especially the PUCCH format and resource allocation for eIMTA HARQ-ACK feedback. 
2. Remaining issues for eIMTA HARQ
In RAN1 #74bis, it is agreed that DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configuration {2, 4, 5}, so the DL eIMTA HARQ procedure is basically clear. However, there’s still some remaining issues need to be considered for UL eIMTA HARQ mainly because of the UL synchronous HARQ. In addition, soft buffer handling issue also need to be considered to avoid the performance loss. In this section, UL reference HARQ timing, UL retransmission procedure and soft buffer handling in eIMTA HARQ are discussed, while in section 3 and 4 we further discuss PUCCH format and resource allocation in more details.
2.1. UL reference HARQ timing
According to the working assumption in RAN1 #74bis, uplink scheduling timing and HARQ timing will follow UL-DL configuration signaled by SIB1. According to the current specification, all the seven UL-DL configurations could be signaled by SIB1. But the UL RTT of configuration #0 and configuration #6 is not 10ms. So it may cause a retransmission collision for legacy UE even if legacy UE is only scheduled in the fixed UL subframe, i.e., subframe #2, as shown in Fig. 1 [1]. In addition, the DAI indicator will be used as UL index in configuration #0, therefore, UE cannot know the number of scheduled DL subframes and may reduce the DL system performance [2]. 
 
[image: image1.emf]D S U U D U D S U D D D S U D D S U U

Reconfiguration boundary

Config. 0

Config. 2

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

U

PUSCH

-initial transmission 

PHICH

-ACK/NACK 

feedback

PUSCH

-retransmission


Figure. 1 Example of UL retransmission collision
Observation 1: Config. #0 and Config. #6 are not suitable for UL HARQ reference configuration, due to RTT is not 10ms
· How to support legacy UEs should be considered
2.2. UL retransmission processing
In LTE, UL HARQ is synchronous HARQ, i.e., the subframe index for retransmission is fixed. In eIMTA scenario, the UL retransmission may be blocked due to the change from UL subframe to DL subframe. 
Three potential solutions are proposed:
· Asynchronous HARQ [3]
· Data drop or scheduling restriction [4]
· HARQ suspension [5]
Asynchronous HARQ can reduce the system resource waste and retransmission delay but may bring significant specification impacts and increase the signalling overhead and UE power consumption. To indicate the UL asynchronous HARQ, at least 4 bits HARQ process index should be added in the DCI.
In the second scheme, if the HARQ process has to be stopped due to the reconfiguration, i.e., the UL subframe change to DL subframe, the data of corresponding HARQ process will be dropped or the corresponding initial UL transmission will not be scheduled to avoid the potential collision in the retransmission. This scheme is simple and has no specification impact. Its disadvantage is system resource waste due to loss of combination gain. Also, some UL subframes may be blanked for the initial UL transmission. 
In the HARQ suspension scheme, if the HARQ-ACK of one UL data transmission is NACK and the UL subframe for retransmission is unavailable due to the reconfiguration, the corresponding HARQ process will be suspended until the HARQ process become available again. The advantage of this scheme is the system resource could be fully utilized. In addition, the specification impact is marginal.  The disadvantage of this scheme is the increase of transmission delay.
Considering the specification impact and the issue of system resource waste, the HARQ suspension scheme may be a better choice. 

Proposal 1: UL HARQ suspension should be supported in the eIMTA scenario

2.3. Soft buffer handling
According to current specification, the soft buffer size is related to the HARQ process number of the DL/UL time configuration in the cell. Dynamically change the soft buffer size will cause some data loss and reduce the system performance. The potential solution is to set static or semi-static HARQ process number for soft buffer handling [6-7]. For the second option, set the HARQ process number according to the DL HARQ reference time configuration for soft buffer handling is one possible and straightforward way. If the soft buffer size is semi-statically configured, the frequency of data loss due to the reset of soft buffer size can be reduced with little specification impact. If the soft buffer size is statically configured, the data loss can be avoided with slight specification impact. 
Proposal 2: Static or semi-static HARQ process number is preferred for soft buffer handling
3. PUCCH HARQ-ACK Feedback
3.1. Existing solutions 
In RAN1 #74bis meeting, it was agreed configuration {#2, #4, #5} can be semi-statically configured as DL HARQ reference configuration. With configuration #5 as DL HARQ reference configuration, all the seven TDD UL-DL configurations can be used for traffic adaptation, therefore, the benefit of dynamic TDD can be fully exploited. For configuration #5, there is only one UL subframe, which means HARQ-ACK feedback of all DL subframes will be sent in this UL subframe. Fig. 2 shows an example of HARQ-ACK feedback procedure with config. #5 as the DL HARQ reference configuration. 
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Figure 2.  eIMTA HARQ-ACK feedback

According to current specification, PUCCH format 3 and PUCCH format 1a/1b with HARQ bundling can be used to send HARQ-ACK feedback for eIMTA when the DL reference configuration is config. #5. One special case is PUCCH format 1b with channel selection since it cannot be used in config. #5.
The current two solutions have some disadvantages respectively:
· For PUCCH format 3, the signalling overhead of PUCCH format 3 is larger or the maximum supportable user number is smaller compared with other PUCCH formats. In addition, the resource of PUCCH format 3 should be explicitly indicated, while the resource of other PUCCH formats may be implicitly indicated. Also, PUCCH format 3 is introduced mainly for CA scenario, most bits will be wasted if CA is not applied in the system.
· For HARQ bundling scheme, the HARQ-ACK feedback of all the DL subframes which map to one UL subframe will be bundled together. Even if HARQ-ACK feedback of only one subframe is NACK, all the DL subframes have to do retransmission, which may bring unnecessary system resource waste.

Observation 2: The existing HARQ bundling operation may bring unnecessary retransmission overhead.

Observation 3: PUCCH format 3 has larger signalling overhead and may cause system resource waste.

3.2. Proposed enhancement

Since the HARQ bundling may bring more retransmission overhead and PUCCH format 3 may bring more signalling overhead, we propose a partial bundling scheme to reduce the retransmission overhead while reuse other PUCCH format besides PUCCH format 3 to reduce the signalling overhead when the DL HARQ reference configuration is config. #5. In the following, PUCCH format 1b with channel selection is taken as an example to show the partial bundling scheme. The basic principle of this scheme is to partially bundle the HARQ-ACK of some subframes if the total number of HARQ-ACK feedback bits are larger than 4 to generate at most 4 bits, therefore, PUCCH format 1b with channel selection can be reused in eIMTA scenario.
There could be different implementations of partial bundling. The key is how to select subframe set for partial bundling. At least two possible schemes could be considered for the partial bundling subframe set:
· Subframe set for fixed and flexible subframe

· Subframe set for interference mitigation scheme, e.g., power control subframe set
Fig. 3 shows an example for partial bundling with fixed subframe and flexible subframe.
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Figure 3. Example of subframe set based partial bundling

In the following, some numerical analyses are provided to show the advantage of this scheme compared to the HARQ bundling scheme in the current specification.

Table I. Performance comparison

	
	Bundled Subframes
	Retransmission Probability
	Retransmission Overhead

	Rel-10 HARQ bundling
	{0, 1, 4, 5, 6, 7, 8}
	1-(1-10%)7
=52.2%
	(1-(1-10%)7)*7*TB_size  
= 3.65*TB_size 

	Partial bundling – flexible and fixed subframe set
	{0,1,5,6},{4,7,8}
	{1-(1-10%)4,1-(1-10%)3}
= {34.4%, 27.1%}
	((1-(1-10%)4)*4+(1-(1-10%)3)*3) *TB_size 
= 2.20* TB_size


Observation 4: Partial bundling operation can reduce the retransmission probability and retransmission overhead
Proposal 3: Partial bundling operation should be supported at least for PUCCH format 1b with channel selection for eIMTA HARQ

· Subframe-set based partial bundling is preferred
4. PUCCH Resource Allocation
Another problem related to PUCCH is PUCCH resource allocation for PUCCH format 1b with channel selection. In the current specification, PUCCH resource is allocated according to the TDD UL-DL configuration and the CCE index (used to indicate the PDSCH scheduling information). Since in dynamic TDD system legacy UEs and eIMTA UEs may have different understanding of the current TDD UL-DL configuration, PUCCH resource collision between legacy UEs and eIMTA UEs may happen and should be solved. Fig. 4 shows an example of PUCCH resource collision between legacy UE and eIMTA UE. The collision happens when the DL subframe of eIMTA UE and legacy UE map to the same UL subframe.
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Figure 4. Example of PUCCH resource collision
Basically, the potential solutions for PUCCH resource allocation include:

· Separate PUCCH resource allocation for eIMTA UE and legacy UE

· The offset for separate PUCCH resource allocation can be set semi-statically by higher layer signalling or dynamically by physical layer signalling. The first kind of solution request lower signalling overhead and specification impact. However, the spectrum efficiency will be low. The second scheme may require more signalling overhead but the efficiency will be improved. The A/N resource offset indicator (ARO) in EPDCCH used in Rel 11 could be a good choice as the second type of solution.Shared PUCCH resource allocation for eIMTA UE and legacy UE

· Renumber the PUCCH resource allocation for eIMTA UE and legacy UE, even the resource allocation for different subframe set to share the PUCCH resource among eIMTA UE and legacy UE.
The first type of solution is simple and has minor specification impact. However, the spectrum efficiency is low since duplicate PUCCH resource should be reserved for the UEs in the same subframe. The second type of solution can achieve higher spectrum efficiency but the implementation complexity and specification impact will be increased. Considering the tradeoff among control channel overhead in small cell, implementation complexity and specification impact, the solution with separate PUCCH resource allocation is preferred. 
Observation 5: PUCCH resource collision overlapping between legacy UEs and eIMTA UEs may happen and should be solved
Proposal 4: Separate PUCCH resource allocation for legacy UE and eIMTA UE is preferred
5. Summary
In this contribution, we discussed the remaining problem for eIMTA HARQ, especially PUCCH format and resource allocation. The observations and proposal are summarized as follows.
Observation 1: Config. #0 and Config. #6 are not suitable for UL HARQ reference configuration, due to RTT is not 10ms

· How to support legacy UEs should be considered

Observation 2: The existing HARQ bundling operation may bring unnecessary retransmission overhead.

Observation 3: PUCCH format 3 has larger signalling overhead and may cause system resource waste.

Observation 4: Partial bundling operation can reduce the retransmission probability and retransmission overhead
Observation 5: PUCCH resource collision between legacy UEs and eIMTA UEs may happen and should be solved
Proposal 1: UL HARQ suspension should be supported in the eIMTA scenario

Proposal 2: Static or semi-static HARQ process number is preferred for soft buffer handling
Proposal 3: Partial bundling operation should be supported for eIMTA HARQ

· Subframe-set based partial bundling is preferred

Proposal 4: Separate PUCCH resource allocation for legacy UE and eIMTA UE is preferred
References

[1] 3GPP, R1-131847, Huawei, “Backward compatibility for TDD eIMTA”
[2] 3GPP, R1-133205, Panasonic, “HARQ timing and behaviour during reconfiguration”
[3] 3GPP, R1-132409, Huawei, “HARQ timing design for TDD eIMTA”
[4] 3GPP, R1-131972, Samsung, “On HARQ operation for TDD UL-DL reconfiguration”
[5] 3GPP, R1-130884, Huawei, “Backward compatibility for TDD eIMTA”
[6] 3GPP, R1-132489, Qualcomm, “Soft buffer management for IMTA”
[7] 3GPP, R1-133367, LG Electronics, “HARQ Timeline and Feedback for TDD eIMTA”
[8] 3GPP, R1-132253, ITRT, “HARQ feedback issue in TDD eIMTA system”
[9] 3GPP, R1-132333, NEC, “Backward compatibility for TDD eIMTA system”
[10] 3GPP, R1-131013,Samsung, “On HARQ operation for TDD UL-DL reconfiguration”
- 1/6 -

_1444135786.vsd
D


S


U


U


D


U


D


S


U


D


D


D


S


U


D


D


S


U


U


PUSCH
-initial transmission 


PHICH
-ACK/NACK feedback


PUSCH
-retransmission


Reconfiguration boundary


Config. 0


Config. 2


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


U



_1444655832.vsd
D


S


U


U


U


D


S


U


U


U


D


S


U


U


D


S


U


D


Config. 0


Legacy UE


D


D


D


S


0


1


2


3


4


U


5


6


D


D


S


U


D


7


8


9


0


0


1


2


3


0


1


2


3


4


5


6


7


8


9


eIMTA UE


Config. 2


PUCCH resource collision


1


2


3


Take configuration #5 as reference configuration



