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1 Introduction
In RAN#54, a work plan was agreed for the resumption of the Study on Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation, in both RAN1 and RAN4. Evaluatioin for multiple ourdoor pico-cell scenario is ongoing. In the simulation assumptions, HARQ timing is not clearly defined and some companies proposed to follow ideal timing without any collisions. However, in real LTE-A systems, this assumption will potentially cause a significant waste of channel resource as well as service degradation and disruption in the case when the timescale for re-configurations is short, such as the 10ms option in the simulation assumptions. Therefore, if short reconfiguration timescales are to be seriously considered, it is very important to carefully and fully consider the HARQ operation, including the mapping of ACK/NACK for PDSCH/PHICH for PUSCH. Moreover, the mapping of UL-grant and PUSCH retransmission also needs to be taken into account.
2 Discussion
2.1 PDSCH HARQ timing

2.1.1 

HARQ-ACK for PDSCH

When the TDD configuration is changed/re-configured, if the ACK/NACK for PDSCH/PHICH for PUSCH obeys the Rel-10 timing procedure according to the original configuration, it might fall into a subframe whose link direction conflicts with the required link direction. Fig. 1 illustrates the basic mapping problem on ACK/NACK for PDSCH. The timing sequence of ACK/NACK for Rel 10 is defined in Table 10.1-1 of [1]. Consider an example where the downlink traffic increases, and the TDD configuration is adaptively changed form Configuration #3 to Configuration #2 after the 1st frame. It is observed that the subframes #3 and #4 in the 2nd frame, which were originally scheduled for the ACK/NACK of some PDSCH subframes in the 1st frame, are now DL frames. Without the possibility for HARQ ACK/NACK transmission, a higher-layer (RLC) retransmission would be triggered after timeout, which would cause longer transmission delay or even packet/file drop. 
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Fig. 1. ACK/NACK timing problem for PDSCH in TDD UL-DL re-configuration 
2.1.2 
Possible solutions
To support dynamic TDD UL-DL re-configuration, one straightforward solution for the above mentioned time mapping problems is simply to ignore the mapping collisions. For ACK/NACK collisions, the system triggers a higher layer (RLC) retransmission after timeout. The advantage of such solutions is that they have little standardization impact, and they are acceptable for the current (Rel-8 to 10) system operation because the TDD configuration is semi-statically configured with a typical minimum period of several hundred ms, so the performance loss on switching the configuration is limited. However, if the timescale of the reconfiguration becomes short due to the introduction of dynamic reconfigurations, such as 10ms or 50ms, the performance degradation (caused by the occasions when ACK/NACK for PDSCH/PHICH cannot be sent) becomes more unacceptable.

An alternative solution could be to change the timing relationship for the HARQ-ACK around the boundary when the TDD configuration is changed. We assume both eNB and UE know the desired TDD configuration reliably. For the ACK/NACK of PDSCH/PHICH for PUSCH, if the link direction of the feedback subframe after re-configuration is the opposite of the required link direction, then some possible solutions may be:

1. Postpone the bundled ACK/NACK to the nearest UL/DL subframe for PDSCH/PUSCH which has valid paramters in Table 10.1-1 of [1] or Table 9.1.2-1 of [1] for the changed frame.
2. Re-map the ACK/NACK individually to the nearest UL/DL subframe which has at least 4 TTIs after PDSCH/PUSCH and has valid parameter in Table 10.1-1 of [1] or Table 9.1.2-1 of [1] for the changed frame.
3. Link the ACK/NACK of the previous frame to the ACK/NACK position of the collided subframes in the changed frame. 
4. Give a reference Configuration X, and the PDSCH HARQ of the unchanged frame follows that of the reference configuration. The rules of selecting X could refer [2] 
Fig. 3 illustrates the new mapping solution for ACK/NACK for PDSCH. This kind of solution would require some non-trivial specification effort but would have the advantage of reducing the performance loss in case it is decided to support very dynamic UL-DL reconfiguration. 
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Fig. 2. New ACK/NACK mapping for PDSCH with dynamic TDD UL-DL reconfiguration  
2.2 PHICH timing
With dynamic TDD UL-DL reconfiguration, PHICH timing will also meet the similar collision problem as that of PDSCH HARQ. In order to solve the PHICH collisions, our proposed Solution 1-3 is also suitable. Since not very DL subframe is defined to carry PHICH and no mutual compatibility exists among different TDD configurations, thus Solution 4 with giving a reference configuration is not suitable for PHICH timing collisions.  

2.3 UL-grant timing

2.3.1 UL-grant collision with dynamic TDD UL-DL allocation  

The time mapping of UL-grants is defined in Table 8-2 of [1]. Fig. 3 shows an example of the timing issue for the UL-grant for PUSCH when the TDD configuration is changed from Configuration #1 to Configuration #4. The UL-scheduling grants of the UL subframe #2 and #3 of the 2nd frame should be conveyed on the PDCCH of the DL subframe #8 and #9 of the 1st frame. However, it is observed that the subframe #8 and #9 of Configuration #1 are UL subframes.  Due to such collisions, the UL subframe cannot be correctly scheduled, causing UL bandwidth wastage. 
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Fig.3. Timing problem of UL grant for TDD UL-DL re-configuration 

2.3.2 Possible solutions
To solve the UL-grant collisions, some possible solutions may be:
5. Muting the UL subframe in case their corresponding UL-grant incurs collisions. 

It is also an implementation solution. In stead of giving up the UL transmission in case of UL-grant detection error in current system, in this solution, UEs will not try to detect the UL-grant on the collided DL subfames and default to give up the UL transmissions, thus the UEs’ power is saved.   

6. Move the UL-grant signaling backward to the nearest DL subframes which has valid parameters in Table 8-2 of [1] for the unchanged frame.

7. Further move the UL-grant signaling backward to the DL subframe which would have conveyed the UL control information of the collided UL subframe if the new UL-DL configuration had started earlier.

In this contribution, we assume that UEs have the capability to detect the re-mapped UL-grants for the collisions on the unchanged frames correctly, and therefore the corresponding UL transmission on the changed frame can be scheduled smoothly. Moreover, if a certain proper transmission period was defined during TDD reconfiguration, UEs could know the exact UL-grant timing in advance, which could also ensure the application of our proposed solutions. Fig. 4 illustrates the new mapping solutions for UL-grant. This kind of solution would also require some specification effort but would have the advantage of avoiding UL resource wastage in case it is decided to support very dynamic UL-DL reconfiguration.
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Fig. 4 New time mapping for UL-grant with TDD UL-DL re-configuration 

2.4 PUSCH Retransmission 
Among the defined seven TDD configurations, for configuration 1-6, each UL subframe could be fed back/scheduled by one DL subframe, while for configuration 0, two subframes may be fed back/scheduled by one DL subframes due to less DL subframe number in a frame, e.g. on the DL subframe #0 or #5. Thus, in the following section, in terms of the TDD configuration before changes, we will separate the TDD configurations into two groups and discuss the retransmission for them respectively. 
2.4.1 Group 1: Configuration 1-6
As shown in Fig. 5, when the TDD configuration is changed from Configuration 3 to Configuration 2, if the PHICH of the UL subframe #2, #3 and #4 is NACK, the HARQ of the subframe #4 and the scheduling of the retransmission of subframe #3 of the unchanged subframe happen collisions, as show in Fig. 5 (b). To solve these collisions, we propose a two-phase solution. The first phase focuses on solving HARQ collisions if happens. The second phase focuses on solving UL-grant collisions for retransmission. Combining the solutions of these two phases, the retransmission can be correctly conducted.
2.4.1.1 First phase solution for HARQ collisions
HARQ timing is fine if PHICH is located on the unchanged frame or on a DL subframe of the changed frame with legacy PHICH/UL-grant according to the timing table of the changed TDD configuration. In case collision happens, we could adopt the proposed solutions in Section 2.2 to re-map the HARQ on a proper DL subframe.

2.4.1.2 Second phase solution for UL-grant collisions

With the first phase solution, we could assume that the PHICH triggered the retransmission of the initial PUSCH transmission could be conveyed on proper DL subframes without any collisions. Notice that the proper DL subframes conveyed PHICH without any collision are also the DL subframes which should convey the UL-grant of the retransmission according to the defined timing Table of 9.1.2-1 and Table 8-2 in [1] of Rel 8/9/10. In case the PHICH/UL-grant subframe is located on the unchanged subframe, and the retransmission UL subframe on the changed frame is a DL subframe based on UL-grant timing of the unchanged frame, the retransmission collisions happen. To solve these types of collisions, we proposed the following solutions: 
Solution 1: postpone the retransmission to the next nearest UL subframe after the collided subframe. 

Solution 2: re-scheduled the retransmission to the next nearest UL subframe and at least 4 TTIs after the DL subframe conveyed the UL-grant.
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Fig. 5. PUSCH retransmission in case the TDD configuration of the unchanged frame is Configuration 1-6
2.4.2 Group 2: Configuration 0

In case the unchanged frame is configured with Configuration 0, if HARQ/scheduling collisions happen as that introduced in Section 2.3.1, the proposed two-phase solution is also suitable for solving the collisions. In this section, we mainly consider the additional HARQ process problem met for Configuration 0. In current TDD LTE/LTE-A system, the UL HARQ is synchronous. This means that eNodeB knows exactly which HARQ process the UE will transmit ahead of time. For Configuration 0, in case that PHICH of two subframes are fed back on one DL is NACK, e.g. the subframe #3 and #4, the retransmissions of them are scheduled by the subframe #0 of the next frame, and are differentiated by
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, as shown in Fig. 6 (a).  
In cases when the TDD configuration is changed from Configuration 0 to for example Configuration 6, as shown in Fig. 6 (b), in current TDD LTE/LTE-A system, each HARQ process is associated with one UL subframe.  Multiple retransmissions are scheduled on one UL subframe will cause HARQ process collisions. To solve such collisions, we propose the following solutions: 

Solution 1: combine the additional signaling, HARQ process ID, with the retransmission data to separated different retransmissions, as shown in Fig. 3 (b).

Solution 2: define the different UL-grant timing for multiple retransmissions, such as:  

For the 1st retransmission (the retransmission of the earliest UL transmission): follow the defined timing of the changed configuration.

For the 2nd to the last retransmission: schedule the retransmission on the next UL subframe without any other retransmission. The target is to ensure that only one HARQ happens on an UL subframe for a UE, and the HARQ process ID is implicitly notified by the subframe index. The timing is aware of both eNB and UE.  Fig. 3. (c) gives the illustration of this solution. 

Compared with the above solutions, the merit of Solution 1 lies in that no new timing needs to be defined beyond Rel-8/9/10. However, the additional signaling indicating the HARQ process ID is necessary to separate multiple retransmission happened on one UL subframe which will cause more signaling overhead, like asynchronous HARQ not supported in current TDD LET UL HARQ. Solution 2 tries to keep the synchronous HARQ for retransmissions with the merit of no need of additional signaling,  whereas new timing for different retransmissions is necessary to separate them. In general, either of these two solutions has non-trivial specification impact.   
It is significant to mention that the re-mapping solution proposed in Section 2.3.1.2 may also incur the HARQ process problem in case multiple retransmissions are scheduled on one UL subframe, such as the example shown in Fig. 5 c). The above proposed two solutions in this section are also effective to further solve the HARQ process problem. 
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Fig. 6. PUSCH retransmission in case the TDD configuration of the unchanged frame is Configuration 0
3 Summary
If it is decided to support rapid dynamic reconfiguration of the UL-DL configuration (e.g. as fast as 10ms), problems may arise with time mapping of ACK/NACK for PUSCH/PHICH, UL-grant, and HARQ process in case of retransmissions, resulting in significant performance loss due to missed HARQ-ACKs/UL-grants. 
We have further shown that some possible solutions exist which may bring some impact on the RAN1 specifications, but which could reduce the performance loss. 
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