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1. Introduction

At the RAN1 #72 meeting, the scenarios for eIMTA were agreed. At the RAN1 #72bis meeting, the reconfiguration time scale for eIMTA will be discussed further. Reconfiguration time scales have one problem in common, i.e., the HARQ discontinuity problem at the reconfiguration boundary. In this contribution, we analyze the HARQ discontinuity problem, especially the problem where the HARQ time line crosses different DL/UL configurations. We also present several solutions for the HARQ time line design, taking ACK/NACK feedback of the PDSCH as an example.
2. HARQ Discontinuity Problem

The following four UL-DL reconfiguration signaling methods were described in TR 36.828 [1].
· Method 1 – System information signaling
· Method 2 – RRC signaling

· Method 3 – MAC control element signaling

· Method 4 – Physical layer signaling

The supportable minimum reconfiguration time scales by the above four possible signaling methods cover 640 ms, 200 ms, tens of milliseconds, and 10 ms, respectively. Generally speaking, a shorter reconfiguration time scale has a better traffic adaptation capability. However, a shorter time scale may suffer more from the HARQ discontinuity problem at the reconfiguration boundary, although it is a common problem for different reconfiguration time scales [2-4].

Without loss of generality, the HARQ discontinuity problem is illustrated in Fig. 1, using ACK/NACK feedback of the PDSCH as an example. In Fig. 1, we observe that subframe #3 in the post radio frame is expected to be scheduled for the ACK/NACK transmission of subframe #7 in the previous radio frame (if dynamic TDD reconfiguration is not applied). However, due to dynamic TDD reconfiguration, subframe #3 in the post radio frame now changes from a UL subframe to DL subframe, so the ACK/NACK feedback for the PDSCH cannot be supported in this subframe any longer.  In addition, we should note that even if the transmission direction of one UL subframe remains unchanged after dynamic TDD reconfiguration, the HARQ time line crosses the reconfiguration boundary and may NOT remain the same as that specified in the current specification.
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Figure 1. Problem statement

Proposal 1: HARQ discontinuity problem at the reconfiguration boundary should be investigated, especially when the reconfiguration time scale is short
3. Candidate Solutions

According to the specification impact, we can classify the existing solutions into two categories, i.e., Category I without a specification impact and Category II with a specification impact.

For Category I, two schemes can be considered, as shown in Fig. 2(a) and Fig. 2(b). Scheme I-A relies on the ARQ protocol in the RLC layer. Scheme I-B applies constraints to the scheduler. In Scheme I-A, a higher-layer (RLC) retransmission will be triggered after the timeout of the HARQ process. The RLC retransmission will cause a long latency between the initial transmission and retransmission, which may cause significant performance degradation. In Scheme I-B, the scheduler will not schedule the PDSCH transmission in DL subframes that cannot find a matching UL subframe for the ACK/NACK feedback in the post radio frame. For example, in Fig. 2(b), the ACK/NACK feedback for the PDSCH transmission in subframes #6, 7, 8, and 9 in the previous radio frame should be in subframe #3 in the post radio frame according to the time line table in the current specification. However, now subframe #3 changes from an UL subframe to a DL subframe due to dynamic TDD reconfiguration, so subframes #6, 7, 8, and 9 in the previous radio frame will not be scheduled for the PDSCH transmission. Clearly, Scheme I-B will waste the system resources and cannot fully enjoy the traffic adaptation gain of dynamic TDD.
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Figure 2(a). Category I (without specification impact) – Scheme I-A
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Figure 2(b). Category I (without specification impact) – Scheme I-B

Schemes in Category I are straightforward solutions based on the current specification and can be totally an implementation issue. Another option is to redesign the current HARQ timeline and we classify this option as Category II. For Category II, five schemes can be considered, as shown from Fig. 3(a) to Fig. 3(e). According to the analysis in the previous section, one problem for HARQ of dynamic TDD reconfiguration is caused by the expected UL subframe for the ACK/NACK feedback changing to a DL subframe after reconfiguration. All the schemes in Category II aim to solve this problem. 

In the following analysis, we mainly focus on two major metrics for HARQ, i.e., feedback latency and load balancing between different subframes, which will influence the overall system performance.

Scheme II-A proposes to postpone the bundled ACK/NACK to the nearest following UL subframe [2]. This scheme can keep the bundling operation the same as that in the current specification, e.g., bit mapping in the feedback signaling. It will always postpone the feedback information for a group of DL subframes together. However, actually ACK/NACK for some DL subframes in the group may be fed back earlier. So this scheme may cause some long feedback latency unnecessarily.
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Figure 3(a). Category II (with specification impact) – Scheme II-A

Scheme II-B proposes to link the bundled ACK/NACK of DL subframes in the previous radio frame to the ACK/NACK position of the mapped DL subframes in the post radio frame. It can also keep the bundling operation the same as that in the current specification but the feedback latency may be even longer than that for Scheme II-A.
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Figure 3(b). Category II (with specification impact) – Scheme II-B

Scheme II-C proposes to re-map the ACK/NACK of DL subframes in the previous radio frame individually to the nearest UL subframe which is at least 4 TTIs after the PDSCH. Clearly this scheme has the shortest feedback latency. However, it may significantly change the existing HARQ time line in the current specification, which may cause some problems if we use some dynamic signaling to indicate a change in the HARQ time line. Also the ACK/NACK feedback load among different UL subframes may be unbalanced.
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Figure 3(c). Category II (with specification impact) – Scheme II-C

Scheme II-D suggests only mapping the ACK/NACK to the fixed uplink subframe (instead of any dynamic subframes) [3], which means that only subframe #2 in the post radio frame can be used for HARQ feedback of PDSCH transmission in the previous radio frame. Clearly, such a scheme may bring about a long feedback latency (for some DL subframes) and the ACK/NACK feedback load will be extremely unbalanced among different UL subframes.
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Figure 3(d). Category II (with specification impact) – Scheme II-D

Scheme II-E proposes to set a reference configuration [2, 4], e.g., the DL (or UL) subframes of this reference configuration should be a superset of the two related configurations before and after reconfiguration. The HARQ time line based on this scheme just follows that of the reference configuration, which is already defined in the current specification. However, the feedback latency of this scheme may be long. For example, if the configuration changes from #4 to #2, configuration #5 would be the reference configuration, which has a long feedback latency. Also if the HARQ time line follows a reference configuration, some available UL subframes in the post radio frame will not be utilized for ACK/NACK feedback at all, which may cause a significantly unbalanced feedback load among different UL subframes.
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Figure 3(e). Category II (with specification impact) – Scheme II-E

Table I summarizes the pros and cons, and specification impact of different HARQ design schemes.

Table I. Comparison of Different HARQ Design Schemes

	Schemes
	Pros
	Cons
	Specification Impact

	Scheme I-A
	· Totally backwards compatible
	· Longest latency
	· No 

	Scheme I-B
	· Only apply some scheduling constraints
	· Wastes resources 
	· Implementation issue

	Scheme II-A
	· Retains bundling operation as in Rel. 10
	· Latency may be long
	· Some dynamic indicating signaling

or
· Introduce some new HARQ timing table

	Scheme II-B
	
	· Latency may be long
	

	Scheme II-C
	· Short latency
	· Significantly changes the Rel. 10 HARQ timeline
· May significantly increase the signaling overhead
	

	Scheme II-D
	· Easy implementation
	· Latency may be long
· ACK/NACK load is extremely high for the fixed subframe
	

	Scheme II-E
	· Reuse existing Rel. 10 HARQ timeline
	· Latency may be long
· Unbalanced ACK/NACK load for subframes in the reference configuration
	· Some indicating signaling may be needed


Proposal 2: For HARQ time line design for dynamic TDD reconfiguration, it is preferable to reuse the existing HARQ time line as much as possible, while maintaining reasonable latency performance and feedback load balancing.
4. Summary
In this contribution, we analyzed the HARQ discontinuity problem and several solutions for the HARQ time line design, using ACK/NACK feedback of the PDSCH as an example. Our proposals are summarized as follows.

Proposal 1: HARQ discontinuity problem at the reconfiguration boundary should be investigated, especially when the reconfiguration time scale is short.
Proposal 2: For HARQ time line design for dynamic TDD reconfiguration, it is preferable to reuse the existing HARQ time line as much as possible, while maintaining reasonable latency performance and feedback load balancing.
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