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1 Introduction
At RAN #58, it has been concluded that this WI is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]. In order to adapt to the dynamic fluctuation of UL-DL traffic while maintaining HARQ timing for DL and UL transmission, reconfiguration time interval and HARQ-timing for TDD eIMTA system should be considered. This issue has been concluded in [1] as:

· 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;

In this effort, we try to provide some observations in terms of reconfiguration signalling and HARQ-timing of TDD eIMTA system in this contribution.
2  The selection of TDD configuration

As depicted in Table 2-1, In LTE TDD the asymmetric resource allocation is realized by providing seven different semi-statically configured UL-DL subframe configurations for a given frame, as being specified in Table 4.2-2 3GPP TS 36.211 v10.5.0 (2012-06).Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.
Table 2‑1: Uplink-downlink 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 TDD configuration used by TDD eIMTA system can be any one out of seven existing configurations, for instance, configuration #0 is configured in the previous reconfiguration interval and configuration #5 is used in the next reconfiguration interval.  The advantage of this method is that it can provide TDD configuration with DL-UL resource ratio which best matches the DL-UL traffic buffer ratio and thus achieve higher flexible-TDD gain. However the system performance may be degraded because of time-domain bundling of HARQ-ACK if configuration #5 is used as the reference configuration for PDSCH HARQ timing.
According to the simulation assumption for TDD eIMTA evaluation, the DL-UL resource ratio provided by each TDD configuration is listed in Table 2-2. Since the DL-UL traffic buffer ratio is gradually changed, it is possible to limit the selection of TDD configuration within a subset of seven TDD configurations in a short period of time, and used the same reference configuration for HARQ-ACK timing of all TDD configurations in the same subset.  For instance, during one short period of time, TDD configuration can be selected from configuration {#0, #1, #2, and #6} and the DL-UL resource ratio range from 0.57 to 3.66 can accommodate both UL heavy and DL heavy traffic scenarios. HARQ-ACK multiplexing can be used for HARQ-ACK feedback and thus the shortcoming of the abovementioned method can be avoided.

                                           Table 2‑2: DL-UL resource ratio of each TDD configuration
	DL/UL Resource ratio
	0.57
	1.34
	3.66
	2.20
	3.78
	8.54
	0.88

	TDD configuration index
	0
	1
	2
	3
	4
	5
	6


Observation 1: TDD reconfiguration may be restricted to a subset of seven TDD configurations within a period of time for the sake of HARQ-ACK feedback.

3 Reconfiguration signalling
In RAN1#68, #68b and #69, isolated Pico cell, multiple Pico cell and multi-Pico cell scenario with macro layer included were evaluated respectively. In the simulation assumptions, different TDD reconfiguration intervals (10ms, 200ms and 640ms) are defined and from the simulation results we observed that the smaller adaptation timescale can achieve higher packet throughput performance. For instance, 10ms reconfiguration time scale enables the system to quickly adapt to DL-UL traffic and allocate required DL and UL resources. In order to achieve the highest possible gain from TDD eIMTA, it is reasonable to reconfigure TDD configuration every 10ms, however, this may pose a high requirement on the TDD reconfiguration signalling, because only PHY layer signalling can provide such fast signalling and the reliability should also be enhanced in order to avoid ambiguity between eNodeB and UE. It is possible that time-scale larger than 10ms may be adopted to alleviate the requirement of reconfiguration signalling, since a smaller increase in reconfiguration timescale may not jeopardize the performance gain but give more room for the design of reconfiguration signalling. For instance, time scale which is larger than 10ms and with system performance almost the same as 10ms can be adopted.
Observation 2: reconfiguration time scale larger than 10ms and with packet throughout almost the same as 10ms can be adopted in order to alleviate the stringent requirement of reconfiguration signalling.
If the reconfiguration signalling should be sent via physical layer signalling in order to meet the stringent requirement of fast adaptation, then one standalone PDCCH is enough to transmit information bits indicating one out of seven TDD configurations. For the sake of not incurring additional blind decoding trials, it is reasonable to limit the size of the PDCCH to the size of one existing DL DCI format, and DCI format 1C can be a good candidate because it is always blind decoded and the size is efficient enough to indicate the selection of TDD configuration. 

Compared to PDCCH with associated PDSCH, the standalone PDCCH has the advantage of reduced overhead, because one PDSCH shall occupy at least one PRB and reconfiguration signalling may be required every 10ms. However, the standalone PDCCH may be less reliable than PDCCH with associated PDSCH. In order to improve the robustness of the reconfiguration signalling, similar method adopted for SPS release and activation can be used to virtually extend the size of CRC bits and thus reduce the possibility of false positive detection.

Observation 3: DCI format 1C can be used to transmit the reconfiguration signalling, and CRC bits can be virtually extended in order to reduce the probability of false positive detection
4 HARQ-ACK timing for eIMTA system

During the three stages evaluation in RAN#1, simulation assumption for HARQ timing is not clearly defined and ideal timing without any collisions is assumed for simplicity. In legacy system with reconfiguration interval larger than 640ms, the disruption of HARQ timing is not a big problem. In TDD eIMTA system, however, the system degradation can be severe since the disruption may happen every 10ms. Therefore, if short reconfiguration timescales are to be adopted, it is necessary to design unified HARQ-ACK timing for different TDD configurations, for both DL and UL transmission respectively. One possible solution for maintaining the HARQ process during the switching of TDD configuration is to follow the HARQ-timing of one reference configuration, and the HARQ-timing stays the same as long as the TDD configuration within the same subset of TDD configuration. The switching periodicity between two subsets is set to be larger than 640ms and thus legacy method can be used to handle the HARQ disruption.

As an example, the existing seven TDD configurations can be divided into two subsets, subset 1 contains configuration {#0, #1, #2 and #6} and subset 2 contains configuration {#3, #4, and #5}.  Configuration #2 which has downlink subframes being a superset of other configurations in the same subset is used as the reference configuration for DL HARQ-timing. And configuration #0 which has Uplink subframe being a superset of other configurations in the same subset is used as the reference configuration for UL HARQ-timing. Similarly, configuration #5 and configuration 3 can be used as the reference for HARQ-timing for DL and UL transmission for subset 2. And HARQ timing disruption between the switching of two subsets is handled as in legacy system if the switching is set to larger than 640ms.

Observation 4: Reference configuration can be used to determine the HARQ-timing of all TDD configurations within the same subset and thus HARQ process can be maintained between each reconfiguration as long as the reconfiguration is restricted within the same subset.
5 Conclusion 
In this contribution, we discussed the restricted selection of configuration for TDD eIMTA system, the transmission of reconfiguration signal and the HARQ timing; we provide our observations as follows:

Observation 1: TDD reconfiguration may be restricted to a subset of seven TDD configurations within a period of time for the sake of HARQ-ACK feedback.

Observation 2: Adaptation time scale larger than 10ms and with packet throughout almost the same as 10ms can be adopted in order to alleviate the requirement of reconfiguration signalling.
Observation 3: DCI format 1C can be used to transmit the reconfiguration signalling, and CRC bits can be virtually extended in order to reduce the probability of false positive detection
Observation 4: Reference configuration can be used to determine the HARQ-timing of all TDD configurations within a subset and thus HARQ process can be maintained between each reconfiguration as long as the reconfiguration is restricted within the same subset.
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