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1. Introduction

The WID for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation [1] was approved in RAN#58 meeting. In the WID, one objective is target for HARQ schemes which is as following

· Agree on the supported time scale together with the necessary signalling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signalling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

HARQ issue is one of the most important issues in TDD eIMTA. In RAN1#72bis meeting, there had many papers target for HARQ issues in TDD eIMTA [2-5]. In this paper, we will analysis the HARQ aspects in eIMTA including HARQ timline, as well as PUCCH resource mapping issues.
2. HARQ/Scheduling timeline
During TDD UL/DL configuration changing, scheduling and HARQ-ACK timing for some subframes are impacted because of transmission direction change of corresponding subframes. For example in the following figure (a), because SF(SubFrame)3 and SF(SubFrame)8 are changed from UL to DL, PUCCH for SF9 of RF(Radio Frame) n cannot be transmitted in SF3 of RF(Radio Frame) n+1. And UL grant for SF2 of RF n+1 cannot be transmitted in SF8 of RF n. Similarly in figure (b), PHICH for SF7 of RF n cannot be transmitted in SF3 of RF n+1. So for these subframes that near to changing boundary, UL grant, PUCCH and PHICH may be missing. In the following text, we call such kind of subframe as “boundary subframes”.
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Figure 1 HARQ timeline problem in TDD eIMTA
We also notice that HARQ timing issues only happens for boundary subframes.
Observation 1: HARQ/scheduling timeline problem only happens for boundary subframes.

There proposed many solutions in company’s papers during RAN1#72 meeting [2]

 REF _Ref355779179 \n \h 
[3][4], e.g. following reference configuration, design a new timing for boundary subframes, solved by implementation solution etc. Before discuss the solution details for HARQ timing, we think we’d better to avoid the solution which brings too much complexity and effort. Since design new HARQ timing will introduce new timing table and great effort to design new timing for each TDD configuration change possibility, we think we’d better not to design new HARQ timings in eIMTA. This is also the principle we followed during CC specific TDD configuration study in R11.
Proposal 1: Do not introduce new HARQ-ACK timing table beyond those already defined in Rel-8/9/10/11
In the following we further discuss the HARQ/scheduling timeline solution details, based on the assumption that with no new HARQ timing table introduced, i.e. HARQ/scheduling timeline solutions for TDD eIMTA by reusing existing HARQ timing. From our point of view, there could be following alternatives
· Alternative 1: Reference configuration configured by higher layer signaling

· Alternative 2: Implicitly HARQ/scheduling timing determination based on TDD UL/DL configurations before or after the changing boundary
· Alternative 3: Reusing reference configuration in CC specific TDD
By alternative 1, eNB could configure the reference configuration for UE HARQ operation by higher layer signaling, which is not dynamically changed although the actual TDD UL/DL configuration is dynamically changed. By such a semi-statically configured reference configuration, the impact to HARQ caused by dynamically TDD UL/DL configuration change can be minimized. Note that to restrict HARQ-ACK and UL grant to fixed subframe is a special case of this alternative, which equals to have a fixed reference configuration for HARQ operation. More specifically, there needs DL reference configuration and UL reference configuration for DL and UL HARQ respectively.
Since we have observed in observation 1 that the HARQ/scheduling timeline problem only happens for boundary subframes, then one point to be discussed for alternative 1 is whether such reference configuration is effective for boundary subframes only or for all subframes. If such reference configuration is effective for all subframes, then unnecessary HARQ-ACK performance decreasing might be happened for those subframes do not have HARQ problems in some cases. While if such reference configuration is only effective for boundary subframes, then UE will has different reference configuration for different subframes, e.g. for boundary subframes, the reference configuration is configured but for other subframes, the reference configuration is the actual TDD UL/DL configuration.
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Option#1:always follow DL configuration X, UL configuration Y that configured by eNB

Option#2:only boundary subframes follow DL configuration X, UL configuration Y that configured by eNB


Figure 2 Higher layer configured reference configuration for HARQ operation

By alternative 2, whether the HARQ/scheduling timing follows which TDD UL/DL configuration is depending on the TDD UL/DL configurations before or after the changing boundary. For example in the following figure, since PUCCH for SF9 of RF n cannot be transmitted in SF3 of RF n+1 by follow TDD configuration#1’s HARQ timing, then PUCCH timing for SF9 of RF n can follow TDD configuration#2’s HARQ timing. That is to say, use PUCCH timing for SF9 of TDD configuration#2. So PUCCH for SF9 of RF n will be transmitted in SF7 of RF n+1. The similar solution could utilized for UL grant timing and PHICH timing, so that the HARQ/scheduling timing for boundary subframes follows TDD configurations before or after changing boundary. For some special cases, e.g. the TDD UL/DL configuration changing happens between 5ms periodicity and 10ms periodicity, a third reference configuration might be needed. So such alternative could be seen as the implicitly determined reference configuration. 
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Figure 3 Timing determination based on actual TDD UL/DL configuration
Based on the discussion for alternative 2, we could remember that during R11 inter-band TDD CA with different TDD configuration study, we have similar discussion to determine reference configuration based on Pcell and Scell TDD UL/DL configurations and we have defined DL/UL reference configuration table in [4]. By alternative 3, we could reuse these already defined DL/UL reference configuration table for eIMTA to avoid repeating the same discussions. By such alternative, we do not need to introduce either new HARQ timing table or new DL/UL reference configuration table. Instead, some rules might be needed to how to reuse these tables, e.g. which TDD configuration is seen as Pcell or Scell to reuse the table. For example in the following figure, TDD configuration 1 changed to TDD configuration 2, and because PUCCH  is transmitted in TDD configuration 2, TDD configuration 2 can be seen as Pcell and TDD configuration 1 can be seen as Scell. Then based on DL reference configuration table in [4], the DL reference configuration is 2 so PUCCH timing for SF9 of RF n is following TDD configuration 2. Similar rules can be defined for UL grant timing and PHICH timing.
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Figure 4 Reuse DL/UL reference configuration table defined in [4]
Based on above discussions, we have the following proposal

Proposal 2: Further discuss implicitly determined or explicitly configured DL/UL reference configuration for HARQ operation

3. PUCCH resource mapping
In LTE TDD system, the HARQ timing and feedback signaling mapping depend on the TDD configuration, and in case one DL reference configuration was configured based on one of the alternatives mentioned in section 2, the timing for ACK/NACK feedback is determined accordingly and it can be different from that used by legacy UEs which assume the TDD configuration indicated in SIB1. In Figure 5 there is one example showing the ACK/NACK timing for new UEs and the legacy UEs. In this example, the new eIMTA UEs will assume that there are 4 subframes in the DL subframe association set with the same UL subframe n, while the legacy UEs will assume single DL subframe associated with the same UL subframe. 
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Figure 5 HARQ timing for legacy and new eIMTA UEs
With implicit PUCCH resource mapping, the resource for PUCCH is determined by the index of CCE used for sending the DL grant, and for DL association set size M>1, there is interleaving of CCE from different DL subframes to minimize the inefficiency due to “overbooking” of PUCCH resources. In Figure 6, there is the example showing CCE interleaving in PUCCH resource mapping for TDD configuration 0 and 2 respectively. In this example, CCEs in the (n-6)th subframes for legacy UEs and CCEs in the (n-7)th and (n-8)th subframes for new UEs may get same index and map to same PUCCH resource, which cause PUCCH collision. This problem is also mentioned in [5-6].  Though in theory it is possible to configure a different PUCCH resource offset 
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for the new UEs to avoid such collisions, it is considered highly inefficient since the multiplexing between new and legacy UEs in PUCCH region is not possible.
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Figure 6 Example of PUCCH resource collision
To avoid the collision more efficiently, other solutions should be considered, and in the following we list 2 alternatives:

· Alternative#1: Adopt new implicit PUCCH resource mapping method for new eIMTA UEs. For example, as the option2 in [6], the CCEs in the DL subframes same as that of legacy UEs associated with UL subframe n are indexed first, then followed by other subframes in the DL subframe association set of UL subframe n for  new eIMTA UEs. In this way, only single PUCCH resource for subframe of n-6 is reserved for legacy and new eIMTA UEs, and then efficiency can be improved compared with the method of different PUCCH resource offset.
· Alternative#2: Implicit PUCCH resource mapping is only applied to DL subframes same as that of legacy UEs, i.e, subframe n-6 in above example, and explicit PUCCH resource allocation is applied to other DL subframes in the DL subframe association set of UL subframe n for new eIMTA UEs.  In this way the collision can be avoided and compared with fully explicit PUCCH resource configuration, signaling overhead is reduced.
Proposal 3: Efficient solution to avoid the PUCCH collision problem should be studied;

4. Conclusions
In this paper we analysed HARQ issues in TDD eIMTA including HARQ/scheduling timeline issue and PUCCH resource mapping issue, and have the following observation and proposals:
Observation 1: HARQ/scheduling timeline problem only happens for boundary subframes.

Proposal 1: Do not introduce new HARQ-ACK timing table beyond those already defined in Rel-8/9/10/11
Proposal 2: Further discuss implicitly determined or explicitly configured DL/UL reference configuration for HARQ operation

Proposal 3: Efficient solution to avoid the PUCCH collision problem should be studied;
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